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Transurethral resection of bladder tumors (TURBT) is a crucial procedure in the
management of bladder cancer. The goals of TURBT are to make the correct diagnosis,
sample the detrusor muscle for staging, and completely remove all visible lesions [1–5].
The quality of the resection strongly influences patient prognosis and overall treatment
success. TURBT can be performed by either conventional fractioned or en-bloc techniques.
Although it is still the gold standard, conventional TURBT using the incision and scatter
technique has a number of potential drawbacks. For example, thermal damage to nearby
tissue can lead to difficulty in the pathological evaluation of fragmented tissue, and tumor
fragmentation with a high number of exfoliated cancer cells could lead to infield and
outfield recurrences [1–5].

First introduced in 1997 by Kawada et al., en-bloc resection of bladder tumors (ERBT)
has recently emerged as a promising alternative to conventional TURBT [6]. It involves
complete tumor removal and avoids incision through the tumor (a no-touch technique), thus
respecting the conventional principles of oncological surgery. Technically, the procedure
may be performed with different approaches and energy sources, e.g., knife electrodes,
modified J-loops, monopolar or bipolar electrocautery, water jets, or lasers. Laser ERBT
involves the use of laser beams to dissect bladder lesions, freeing them from their base and
the surrounding tissue. A variety of lasers have been used to perform ERBT, including
thulium, holmium, and KTP lasers.

Currently, only few randomized controlled trials have been published comparing laser
ERBT to conventional TURBT, with follow-up ranging from 12 to 36 months [1–3]. Overall,
laser ERBT appears to be a safer procedure for bladder tumor resection. Indeed, observed
intra-and perioperative advantages of laser ERBT include: lower overall complication rates;
absent obturator nerve reflexes and a subsequent low incidence of bladder perforation
due to the lack of electrical effect; lower rates of post-operative bladder irrigation and
lower bladder irrigation times; shorter catheterization times and lengths of hospital stay;
and higher rates of the immediate postoperative instillation of chemotherapy [1–3]. A
further advantage of laser ERBT includes the potential to perform the procedure without
the cessation of anti-platelet or anti-coagulant drugs. One study found higher operative
times with laser ERBT mainly due to the higher precision of resection and to the longer
time needed for the laser treatment of anterior wall large tumors [2].

Based on the results from the pathological examination of tumor specimens, laser
ERBT fulfills the oncological criteria of optimized resection with low residual tumor rates
and improved specimen quality. Indeed, it provides higher detrusor muscle sampling
rates (a surrogate marker of TURBT quality), and a lower incidence of residual tumors at
re-TURBT [3].

Unfortunately, little evidence exists comparing laser and electrical ERBT. In their
multicenter European study, Kramer et al. demonstrate comparable outcomes in terms of
operation times, irrigation times, and length of catheterization and hospital stay in patients
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undergoing electrical and laser ERBT [5]. Detrusor muscle sampling was reported in 96.2%
and 100% of specimens following electrical and laser ERBT, respectively [5]. A statistically
low incidence of conversion to conventional TURBT, as well a statistically—although not
clinically—significant advantage in terms of hemoglobin drop was noted in in patients
undergoing laser ERBT [5]. Statistically insignificant differences were noted in terms of
operation times, irrigation times, and length of catheterization and hospital stay. Detrusor
muscle sampling was reported in 96.2% and 100% of specimens following electrical and
laser ERBT, respectively [5]. Statistically insignificant differences in terms of recurrence
rates were noted at the 12-month follow-up [5]. From a technical point of view, the authors
consider the ability to cut a precise line around the tumor and the better vision obtained
during laser ERBT as an advantage primarily for larger tumors [5]. On the other hand,
however, switching from ERBT to conventional TURBT is easier when an electrical device
is already being used [5].

A more recent study comparing monopolar, bipolar, and thulium laser ERBT confirmed
similar rates of detrusor muscle sampling in the specimens and significantly lower rates
of the obturator nerve reflex [6]. Out of six conversions to conventional TURBT, bladder
cancer was found on the anterior wall and dome in five cases, and in the proximity of
the meatus in one case [6]. Therefore, given the high rate of conversion for lesions in the
anterior wall, the authors suggest a preference for electrical energy in these cases to avoid
the increased potential risk of changing instruments and the subsequent waste of surgical
material [6].

Despite promising preliminary evidence regarding laser ERBT, a number of issues
remain under debate and under investigation.

Tumor selection criteria are still unconfirmed. Although it is estimated that ERBT is
not feasible for almost 30% of tumors due to size, morphology, and/or location, laser ERBT
has been performed for tumors up to 4.5–5.5 cm in diameter and in virtually all locations
throughout the bladder [3,4].

Additionally, the risks associated with prolonged operative times, mainly in older
patients, should be carefully evaluated.

Although the thulium–yttrium–aluminum–garnet laser is considered the device of
choice by some authors when performing ERBT, due to its minimal penetration depth
and decreased peak power, the search for a more efficient laser to perform ERBT deserves
further investigation [7].

Finally, although insignificant differences in terms of recurrence rate have been found
by some authors, most studies are not able to find differences in recurrence-free survival as
the length of follow-up is still suboptimal, and long-term follow-ups are awaited.
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Abstract: This research aimed to assess the clinical usefulness of serum kappa (κ) and lambda (λ) free
light chains (FLCs) in patients with bladder cancer (BC). One hundred samples were collected and
analysed from healthy volunteers (C) and bladder cancer patients. Cancer patients were divided into
two subgroups: low-grade (LG) and high-grade cancer (HG). Concentrations of FLCs, CEA, CA19-9,
creatinine and urea were measured per manufacturers’ guidelines. The concentrations of κ and λ

FLCs and CEA were significantly higher in BC patients in comparison to the control group. Moreover,
the concentrations of κ and λ FLCs and CEA were significantly higher in both low-grade as well as
high-grade cancer in comparison to the controls. The levels of κ and λ FLCs differed between tumour
grades, with patients presenting higher concentrations in high-grade compared to low-grade cancer.
In the total study group, κFLC correlated with λFLC, the κ:λ ratio, CRP, CEA, CA19-9, creatinine and
urea. There was also a correlation between λFLC and κFLC, CRP, CEA, creatinine and urea. The λFLC
showed a higher ability (sensitivity and PPV) to detect bladder cancer in comparison to κFLC and
CEA. In addition, λFLC had a higher ability to exclude BC (specificity and NPV) than κFLC and CEA.
λFLC also showed the highest accuracy in the detection of bladder cancer. In conclusion, the revealed
differences in the concentrations of both κ and λ FLCs suggest their potential participation in bladder
cancer development. Increased concentrations of free light chains in bladder cancer patients and
the association with the tumour grade suggest that κ and λ FLC measurements may be useful in the
diagnosis and prognosis of bladder cancer. This is the first research that evaluates the concentration
of FLCs in bladder cancer, so further studies are necessary to confirm their usefulness as tumour
markers of this malignancy.

Keywords: free light chains; FLC; kappa; lambda; cancer; bladder cancer; biomarker

1. Introduction

Bladder cancer (BC) is one of the most common urogenital cancers with a high mor-
tality rate. The bladder cancer development risk is almost four times higher among men
than women [1]. The list of risk factors includes, for example, smoking, type 2 diabetes,
the exposure of the bladder area to ionizing radiation and the chronic inflammation of the
bladder. Moreover, the chance of bladder cancer increases with age, and nearly 70% of
diagnosed patients are people aged 65 and higher [2–4]. The most common BC symptoms
are the appearance of painless, but massive, hematuria; the urgent need to pass urine;
and pollakiuria.

J. Clin. Med. 2023, 12, 3294. https://doi.org/10.3390/jcm12093294 https://www.mdpi.com/journal/jcm
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Currently, the diagnosis of bladder cancer includes ultrasound examination, cys-
toscopy and the invasive puncturing of suspicious sites for histopathological examination.
Urine cytology is recommended as a supplement to cystoscopy, but the diagnostic speci-
ficity of urine cytology is high only in high-grade bladder cancer. On the other hand, a
negative result does not exclude the presence of cancer. Unfortunately, the possibilities
of laboratory diagnostics concerning bladder cancer are limited. Thus, finding a quick
and easy non-invasive biomarker seems to be very important because the timing of the
diagnosis is crucial in further treatment, prognosis and patient survival [5–7].

Local inflammation, which may spread throughout the body, is associated with the
presence of factors that trigger the immune system’s response. In addition to infections
or tissue damage, tumours may also cause inflammation [8]. In the course of cancer and
other inflammatory conditions, increased immunoglobulin synthesis is observed very
often. Additionally, the production of antibodies is always accompanied by a slight excess
synthesis of the kappa (κ) and lambda (λ) immunoglobulin light chains, which are not
bound to the heavy chain. Small amounts of free light chains (FLCs) are released into
peripheral and may also be found in various body fluids such as urine. They are quickly
filtered by the glomeruli andare normally present in the urine only in trace amounts.
Physiologically, approximately 500 mg per day of FLCs are produced with a κ:λ ratio equal
to approximately 2:1. At the time of the excessive production of FLCs, the reabsorption
capacity of the renal tubules may be exceeded, resulting in the accumulation of FLCs in the
serum [9,10]. This can occur in many clinical conditions, including chronic inflammation,
immunological disorders, kidney failure and cancer. Increased levels of FLCs have been
observed in different body fluids of patients with, e.g., multiple sclerosis and breast, lung
or gastric cancers [11–15]. However, it should be noted that, as far as we are aware, serum
FLCs have never been evaluated in the samples of patients with bladder cancer. Therefore,
this study aimed to assess the significance and diagnostic utility of free light chains in
bladder cancer.

2. Material and Methods

2.1. Study Design

We performed a research study involving patients with bladder cancer and healthy
volunteers. Samples were collected between May 2022 and December of the same year.
Each participant in the study had their kappa and lambda free light chain concentrations
measured. At the same time, we determined the concentrations of CEA and CA19-9 as
comparative markers. Then, we compared the results of the tested parameters between
healthy controls and patients with bladder cancer and between different stages of cancer.

2.2. Subjects

Patients with bladder cancer were admitted to the Department of Urology of the
Medical University of Bialystok. Subsequently, 60 patients who were referred for further
transurethral resection of bladder tumour (TURBT) were enrolled in this study. Patients
included in the study had a bladder tumour detected by cystoscopy and ultrasound.
Fourteen patients had TURBT in the past. No other active cancer diseases were found.
Tumour staging and classification were conducted per European Association of Urology
guidelines. Patients with bladder cancer were divided into two subgroups: low-grade
(n = 52%) and high-grade (n = 48%). In addition, according to the depth of tumour invasion
(T) three groups of patients were distinguished: Ta (52%), T1 (15%) and T2 (23%).

Tested patients were males (n = 45) and females (n = 15) (age range: 56–80, mean
age: 66.8).

The diagnosis of bladder cancer was based on the patient’s symptoms, ultrasound
examination, cystoscopy and the result of the histopathological examination.

6
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2.3. Control Group

Overall, 40 healthy volunteers (males n = 19, females n = 21) were admitted to our
institution as the control group (age range: 23–75, mean age: 48.3). For each potential
participant in the control group, the following exclusion criteria were applied: other
comorbidities that can affect free light chain concentrations; pathological changes in the
urinary system; active infections, both viral and bacterial.

Informed consent was obtained from all patients with bladder cancer and healthy
volunteers. The study was approved on 25 June 2020 by the Bioethical Committee at the
Medical University of Bialystok (APK.002.240.220).

2.4. Blood Sampling

Blood specimens were taken by vein puncture. Serum samples were obtained by
centrifugation. Then, serum samples were aliquoted and frozen at −80 ◦C until they
were analysed.

2.5. Methods

The concentrations of serum kappa and lambda-free light chains were measured on
the Optilite analyser (The Binding Site, Birmingham, UK) with the use of the turbidimetric
method. Determinations were performed under the manufacturer’s guidelines.

Detection ranges of serum FLCs listed in instructions:
κFLC—2.90–127.00 mg/L;
λFLC—5.20–139.00 mg/L;
κ:λ ratio—0.26–1.65.
Concentrations of CEA, CA19-9, CRP, creatinine and urea were measured on the

Alinity analyser (Abbott) following the manufacturer’s recommendations. CEA and CA19-
9 were assessed using the chemiluminescent microparticle immunoassay (CMIA) method.
CRP was measured using the immunoturbidimetric method, and creatinine and urea
were measured with the use of the enzymatic method. Detection ranges for the afore-
mentioned parameters were 1.73–1500.00 ng/mL, 2.06–1200.00 U/mL, 1.00–480.00 mg/dL,
2.5–400.00 mg/dL and 3.00–125.00 mg/dL. In cases of concentrations below the lower limit
of detection, the lowest values of the detection were used.

2.6. Statistical Analysis

Statistical data analysis has been performed using the Statistica 13.3 analytics software.
The Mann–Whitney U test was used for the evaluation of the differences between the tested
groups. The Spearman rank correlation test was used to check the association between
tested variables. Cut-off values for κFLC, λFLC and CEA were calculated by Youden’s
index as a criterion for selecting the optimum cut-off points.

p values < 0.05 were considered statistically significant.

3. Results

3.1. Patients’ Ages

The ages of the control group’s participants were significantly lower than the ages of
the patients with bladder cancer (p < 0.005).

3.2. Serum Concentrations of Free Light Chains and Tumour Markers

The results of serum κ and λ FLCs, the κ:λ ratio, CEA and CA19-9 in the patients with
bladder cancer and the healthy controls are presented in Table 1. Figure 1 is the visual
presentation of the serum concentrations of FLCs as well as the κ:λ ratio.

The serum concentrations of κFLC and λFLC differed significantly between the tested
groups (p < 0.001 for both). Similarly to the κFLC and λFLC concentrations, the level
of CEA was significantly higher in bladder cancer patients in comparison to the healthy
controls (p < 0.001). The values of the κ:λ ratio and CA19-9 were similar in the bladder
cancer patients and the controls (p = 0.661 and p = 0.206, respectively).

7
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Table 1. The results of serum κ and λ FLCs, the κ:λ ratio, CEA and CA19-9 in patients with bladder
cancer and healthy controls.

Variable Tested
κFLC

[mg/L]
λFLC

[mg/L]
κ:λ Ratio

CEA
[ng/mL]

CA19-9
[U/mL]

Bladder cancer (A)
Median

(min–max values).

23.09 B*
(11.50–137.00)

18.98 B*
(7.36–55.10)

1.17
(0.82–3.26)

2.60 B*
(1.72–18.83)

7.34
(2.05–256.43)

Control group (B) 12.36 A*
(6.28–23.70)

10.86 A*
(6.84–22.00)

1.22
(0.51–1.77)

1.73 A*
(0.66–4.60)

4.18
(2.06–19.38)

A, Bladder cancer; B, control group; *—the significant differences between tested groups.

Figure 1. Serum concentrations of FLCs and the κ:λ ratio in patients with bladder cancer and controls.
*—the significant differences between tested groups.

The statistical analysis revealed that the median serum concentrations of κFLC and
λFLC depend on the tumour grade (Figure 2).

The medians of κFLC and λFLC concentrations were higher in high-grade bladder
cancer (25.16 and 21.79 mg/L, respectively) than in low-grade (20.55 and 16.73 mg/L;
p = 0.005 and p = 0.027, respectively). The median value of the κ:λ ratio and the concentra-
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tions of CEA and CA19-9 did not differ between the low (1.16, 2.87 ng/mL and 5.69 U/mL,
respectively) and high grades of cancer (1.19, 2.27 ng/mL and 6.37 U/mL, respectively).

Figure 2. Serum concentrations of κFLC and λFLC in high- and low-grade bladder cancer. *—the
significant differences between tested groups.

Moreover, the concentrations of κFLC, λFLC and CEA were significantly lower in the
control group in comparison to low- (p < 0.001 for all comparisons) and high-grade cancer
(p = 0.017, p < 0.001 and p < 0.001, respectively). The concentrations of CA19-9 and the κ:λ
ratio did not differ between the control group and low-grade bladder cancer (p = 0.953 and
p = 0.732, respectively) or high-grade bladder cancer (p = 0.183 and p = 0.676, respectively).

The serum concentrations of the free light chains and CEA according to the tumour
infiltration depth (T) are presented in Table 2. The median of κFLC was significantly lower
in Ta in comparison to T1 (p = 0.033) and T2 (p = 0.050). The λFLC concentration differs
significantly between Ta and T1 (p = 0.005), but there was not any difference between Ta
and T2 (p = 0.357). The concentrations of κFLC and λFLC were similar between T1 and
T2 (p = 0.703 and p = 0.657, respectively). There was no difference in CEA concentration
between Ta and T1 (p = 0.475), between Ta and T2 (p = 0.310) and between T1 and T2
(p = 0.182).

Table 2. Serum concentrations of free light chains and CEA according to the tumour infiltration
depth (T).

κFLC
[mg/L]

λFLC
[mg/L]

CEA
[ng/mL]

Ta (A)

Median
(min–max values).

19.42 B,C*
(11.50–52.06)

16.68 B*
(10.28–33.09)

2.56 B*
(1.73–12.16)

T1 (B) 23.16 A*
(15.05–86.27)

21.21 A*
(12.99–39.80)

3.39 A*
(1.73–18.83)

T2 (C) 29.86 A*
(14.47–137.00)

21.71
(7.36–28.44)

1.96 A*
(1.73–3.42)

A, Ta; B, T1; C, T2. *—the significant differences between tested groups.

3.3. Correlations of Free Light Chains with Other Tested Parameters

Correlations between κFLC, λFLC, κ:λ ratio, CRP, CEA, CA19-9, creatinine and urea are
presented in Table 3. Sprearman’s rank correlation test demonstrated that κFLC correlated
with all tested parameters whereas λFLC did not correlate with κ:λ ratio and CA 19-9. κ:λ
ratio correlated only with κFLC concentration.
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Table 3. Spearman correlations between tested variables in the total study group.

Total Study Group κFLC λFLC κ:λ Ratio CRP CEA CA19-9 Creatinine Urea

κFLC
r 0.843 0.311 0.458 0.289 0.319 0.353 0.450
p <0.001 * <0.001 * <0.001 * 0.004 * 0.002 * 0.001 * <0.001 *

λFLC
r 0.843 −0.121 0.397 0.272 0.199 0.385 0.350
p <0.001 * 0.213 <0.001 * 0.007 * 0.052 <0.001 * 0.001 *

κ:λ ratio
r 0.311 −0.121 0.120 0.047 0.178 −0.003 0.197
p <0.001 * 0.213 0.272 0.650 0.084 0.977 0.080

CRP
r 0.458 0.397 0.120 0.226 0.140 0.139 0.165
p <0.001 * <0.001 * 0.272 0.035 * 0.198 0.231 0.157

CEA
r 0.289 0.272 0.047 0.226 0.262 −0.156 −0.111
p 0.004 * 0.007 * 0.650 0.035 * 0.009 * 0.146 0.320

CA19-9
r 0.319 0.199 0.178 0.140 0.262 0.168 0.212
p 0.002 * 0.052 0.084 0.198 0.009 * 0.120 0.058

Creatinine
r 0.353 0.385 −0.003 0.139 −0.156 0.168 0.514
p 0.001 * <0.001 * 0.977 0.231 0.146 0.120 <0.001 *

Urea
r 0.450 0.350 0.197 0.165 −0.111 0.212 0.514
p <0.001 * 0.001 * 0.080 0.157 0.320 0.058 <0.001 *

Correlation ratio (r):  —0.000–0.100; —0.101–0.300; —0.301–0.500; —0.501–0.700; —0.701–0.900.
*—significant correlation between tested variables.

3.4. Diagnostic Power of κ and λ Free Light Chains

The diagnostic usefulness of κFLC, λFLC and CEA in bladder cancer is presented in
Table 4. The λFLC and κFLC showed a higher ability to detect bladder cancer (a sensitivity
of ~80.00% for both) in comparison to CEA. The λFLC had slightly higher PPV than κFLC
and CEA (90.30 vs. 82.80 and 82.50, respectively). λFLC also showed the highest ability to
exclude bladder cancer, with an 83.80% specificity and an 88.60% negative predictive value.

Table 4. The diagnostic significance of serum κ and λ FLCs in bladder cancer.

Cut-Off from the ROC Sensitivity [%] Specificity [%] PPV [%] NPV [%] ACC [%]

κFLC
[mg/L] 16.43 88.30 70.30 82.80 78.80 81.40

λFLC
[mg/L] 13.38 93.30 83.80 90.30 88.60 89.70

CEA
[ng/mL] 1.74 78.30 65.50 82.50 59.40 74.20

PPV, positive predictive value; NPV, negative predictive value; ACC, accuracy.

The ROC curve analysis indicated that the λFLC showed excellent discrimination
ability (AUC = 0.906), whereas the test quality of κFLC and CEA in the detection of bladder
cancer was good (Figure 3).
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Figure 3. ROC curves for CEA, κ and λ free light chains in bladder cancer.

4. Discussion

When imaging tests (e.g., ultrasound through the abdominal wall) do not show an
unequivocal picture of a neoplastic lesion in the bladder, cystoscopy is recommended. It is
the most popular diagnostic test for a suspected bladder tumour. The procedure consists of
inserting a cystoscope with a vision system through the urethra, which enables the visual
assessment of the walls of the bladder and the collection of material for histopathological
examination. However, it is an invasive test, and finding non-invasive laboratory markers
of bladder cancer is necessary [5,6,16]. The most frequent laboratory test used, both in the
diagnosis and in the follow-up of the patient after treatment, is urine sediment cytology.
It consists of the microscopic evaluation of the urine sediment obtained from the patient
and the detection of exfoliated cancer cells released from the tumour into the lumen of
the bladder, which are then excreted in the urine. In recent years, some tumour markers
in the urine have also been examined. It has been suggested that, e.g., the nuclear matrix
protein 22 (NMP22) BladderChek test may be used for the detection of bladder cancer;
however, its sensitivity, specificity and diagnostic usefulness have not been unequivocally
confirmed [17,18]. Moreover, the role of blood tumour markers in bladder carcinoma is
still not well established. However, carcinoma embryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9), for example, have been evaluated in bladder cancer, and it has been
observed that their levels correlate with tumour stage and grade.

Despite the significant development of diagnostic methods, there is still a steady in-
crease in the incidence and mortality rates of malignant neoplasms in the world. Therefore,
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new markers allowing the earlier diagnosis of bladder cancer, more accurate assessments
of the disease stage and the better monitoring of therapy is still being sought.

It is known that chronic inflammation underlies many diseases, including malignan-
cies. During immune system activation, in the process of antibody synthesis, free light
chains are produced by B lymphocytes. The clinical and diagnostic significance of free
light chain measurements in the course of monoclonal gammopathies is currently the
best-known and most thoroughly researched method that has been confirmed by numerous
studies [19–21]. Additionally, increased levels of FLCs have been observed in the course
of, e.g., breast, lung and gastric cancers [12–15]. However, free light chain concentrations,
according to our best knowledge, were never evaluated in bladder carcinoma. Thus, all
things considered, we decided to evaluate the level of free light chains in the serum of
bladder cancer patients.

We have shown that the concentrations of κ and λ FLCs were almost twice as much in
the serum of bladder cancer patients as the healthy subjects. On the other hand, the κ:λ
ratio did not differ between tested groups, which may suggest the occurrence of polyclonal
immunoglobulin FLC synthesis during bladder cancer caused by chronic inflammation.
In addition, we observed higher levels of κ and λ FLCs in high-grade bladder cancer,
so it seems that the concentration of FLCs is associated with tumour grade and disease
progression. This may be related to the effect of FLCs on the cells of the immune system.
On the other hand, the concentrations of κFLC and λFLC were similar between T1 and
T2. However, this may be a result of the unequal distribution of patients in the groups,
depending on the depth of tumour invasion (T).

It has been observed that many cells of the immune system, including mast cells, enter
the tumour microenvironment, and previous studies have shown that mastocytes might
be activated by free light chains alone. Mast cells are multifunctional cells that are part
of the innate immune system, and they can have anti- and pro-tumorigenic effects. The
pro-tumorigenic effects of mast cells include, e.g., their participation in the stimulation of
angiogenesis and the degradation of the extracellular matrix, which facilitates the migration
of cancer cells and immunosuppression reactions via the secretion of inflammatory factors.
Thus, it seems that bladder cancer development may be indirectly related to the level of
FLCs, which are over-produced during inflammation and may excessively activate mast
cells. Evidence of this may be the presence of free light chains found by other researchers in
the areas of mast cell infiltration. On the other hand, the inhibition of FLCs and, as a result,
mast cells appears to be a promising therapeutic target for the treatment of cancers [22–26].

Moreover, we observed that FLC concentrations correlate with CRP and CEA levels.
Knowing that CRP is a strong reactive acute phase protein and that CEA may be increased
in cases of chronic inflammation and cancer, we can conclude that free light chains are
closely related to inflammatory responses during bladder cancer progression [27,28]. In
addition, the positive correlation between FLCs and elevated levels of creatinine and urea
may reflect the obstruction of the flow in the urinary tract caused by cancer.

Among all tested parameters, serum λ and κ free light chain levels had the highest
diagnostic value for bladder cancer. Hence, easy-to-perform quantitative measurements
of free immunoglobulin light chains may be important blood markers of bladder cancer.
We, therefore, carefully suggest that the determination of free light chain concentrations
may improve diagnoses and may be used for the differentiation of low- and high-grade
bladder cancers.

5. Limitations of the Study

Due to the exclusion criteria applied, the participants in the control group were
younger than the patients with bladder cancer. Older patients yield a higher risk of
different cancers that may have an impact on, e.g., the CEA concentrations. In addition,
some patients also had TURBT in the past, and this should be stated as a limitation and as
a possible bias in our study. Moreover, the synthesis of kappa and lambda chains occurs in
various inflammatory disorders, so FLC measurements should be taken into consideration
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not only as a single test but also as a marker of bladder cancer, ultrasound examination and
urine cytology. There is a lack of prior research on this topic, so it is hard to understand
the role of FLCs in the pathomechanism of bladder cancer development. Because there is
no other study that evaluates the usefulness of FLCs in bladder cancer, further studies are
needed to confirm their diagnostic and clinical significance.

6. Conclusions

This is the first study that evaluated the significance of serum free light chains in
bladder cancer. We showed that the concentrations of free light chains are significantly
elevated in bladder cancer and that the levels of κ and λ FLCs increase proportionally with
the grade of bladder cancer. In addition, a positive correlation between FLCs with CRP and
CEA may reflect the immune system response during cancer development. In conclusion,
it seems that serum κ and λ FLCs measurements may be helpful in the diagnosis of bladder
cancer with very high diagnostic accuracy.
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Abstract: Background: Female sex in patients treated by radical cystectomy (RC) is associated with
more advanced stage and worse survival. However, studies supporting these findings mostly or
exclusively relied on urothelial carcinoma of the urinary bladder (UCUB) and did not address non-
urothelial variant-histology bladder cancer (VH BCa). We hypothesized that female sex is associated
with a more advanced stage and worse survival in VH BCa, similarly to that of UCUB. Materials
and Methods: Within the SEER database (2004–2016), we identified patients aged ≥18 years, with
histologically confirmed VH BCa, and treated with comprehensive RC. Logistic regression addressing
the non-organ-confined (NOC) stage, as well as cumulative incidence plots and competing risks
regression addressing CSM for females vs. males, were fitted. All analyses were repeated in stage-
specific and VH-specific subgroups. Results: Overall, 1623 VH BCa patients treated with RC were
identified. Of those, 38% were female. Adenocarcinoma (n = 331, 33%), neuroendocrine tumor
(n = 304, 18%), and other VH (n = 317, 37%) were less frequent in females but not squamous cell
carcinoma (n = 671, 51%). Across all VH subgroups, female patients had higher NOC rates than
males did (68 vs. 58%, p < 0.001), and female sex was an independent predictor of NOC VH BCa
(OR = 1.55, p = 0.0001). Overall, five-year cancer-specific mortality (CSM) were 43% for females vs.
34% for males (HR = 1.25, p = 0.02). Conclusion: In VH BC patients treated with comprehensive
RC, female sex is associated with a more advanced stage. Independently of stage, female sex also
predisposes to higher CSM.
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1. Introduction

Sex has shown to be an important predictor of survival in urothelial carcinoma of the
urinary bladder (UCUB) [1–3]. Specifically, radical cystectomy (RC) in female patients is
associated with a more advanced stage and worse survival as compared with males [4–8].
However, studies supporting these findings mostly or exclusively relied on UCUB and
did not address non-urothelial variant-histology bladder cancer (VH BCa), as reported
in a recent systematic review and metanalysis by Uhlig et al. (59 studies, n = 69,666) [9].
Consequently, the association between sex and either advanced stage or worse survival in
VH Bca treated with RC is unknown. To address this void, we relied on SEER database and
examined four VH Bca subgroups: patients with squamous cell carcinoma (SCC), adeno-
carcinoma (ADK), neuroendocrine carcinoma (NE) and other types (other VH), according
to the 2016 World Health Organization (WHO) classification [10,11]. Mixed histology is
not coded in the SEER database; thus, these criteria reflect the predominant histologic
subtype [12]. We hypothesized that female sex is associated with a more advanced stage
and worse survival in VH BCa, similar to that of UCUB.

2. Materials and Methods

2.1. Study Population

Within the SEER database (2004–2016), we identified radical cystectomy (RC) patients,
aged ≥ 18 years old, with a histologically confirmed diagnosis of BCa (International Classi-
fication of Disease for Oncology site code C67.0-9), and no distant metastasis according to
the American Joint Committee on Cancer (AJCC), Seventh Edition. Only patients harboring
VH BCa, consisting of either SCC, ADK, NE, and other types (other VH), were included.
Moreover, in accord with previous methodology [8], only patients with comprehensive RC
that included lymphadenectomy were selected [13]. Patients with disease confirmed by
autopsy, death certificate-only cases, and patients exposed to radiotherapy were excluded.

2.2. Statistical Analysis

The analysis consisted of two main parts. First, we examined the association between
female sex and non-organ-confined stage (NOC = T3-4 and/or N1-3) in univariable and
multivariable logistic regression models (LRM) after adjustments for age. All analyses were
then repeated in each of four VH-specific subgroups: SCC, ADK, NE, and other VH.

Second, we focused on cancer-specific mortality (CSM) according to female sex and
relied on cumulative incidence plots and competing risks regression (CRR) models. Co-
variates consisted of age, T-stage, N-stage, chemotherapy (CHT), and further adjustment
for other-cause mortality (OCM) was performed. All analyses were repeated after stratifi-
cation according to stage-specific (NOC vs. organ-confined [OC]), as well as VH-specific
subgroups (SCC, ADK, NE, other VH). All tests were two-sided with a level of significance
set at p < 0.05 and R software for statistical computing and graphics (version 3.4.3) was
used for all analyses.

3. Results

3.1. Descriptive Characteristics of Study Population

Overall, 1623 patients with VH BCa treated with RC were identified (Table 1). Of
those, 38% were female. ADK was less frequent in females than in males (n = 331, 33%), NE
(n = 304, 18%), and other VH (n = 317, 37%), but SCC was not (n = 671, 51%). No difference
in median age was recorded between females vs. males (67 vs. 68 years).
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Table 1. Descriptive characteristics of 1623 VH BCa treated with RC patients, according to sex (female
vs. male).

Characteristic n Overall
n = 1623

Females
n = 621 (38%)

Males
n = 1002 (62%)

p-Value 2

Age 1623 67 (58–75) 1 67 (57–75) 1 68 (59–75) 1 0.084
Histological Variants 3 1623 <0.001

Squamous 671 (41%) 340 (51%) 331 (49%)
Adenocarcinoma 331 (20%) 109 (33%) 222 (67%)
Neuroendocrine 304 (19%) 55 (18%) 249 (82%)
Other 317 (20%) 117 (37%) 200 (63%)

T-stage 1623 0.001
Ta/Tis 51 (3.1%) 17 (2.7%) 34 (3.4%)
T1 133 (8.2%) 44 (7.1%) 89 (8.9%)
T2 492 (30.3%) 159 (25.6%) 333 (33.2%)
T3-T4 947 (59%) 401 (64%) 546(54%)

N-stage 1623 0.3
N+ 407 (25%) 165 (27%) 242 (24%)

Stage 1623 <0.001
Non-organ-confined 100 (62%) 421 (68%) 579 (58%)

Perioperative Chemotherapy 1623 <0.001
Yes 554 (34.1%) 176 (28.3%) 378 (37.7%)

1 Median (IQR), 2 Wilcoxon rank sum test; Pearson’s Chi-squared test, 3 Row proportions are reported for each
VH according to sex (female vs. male).

3.2. The Association of Sex with Non-Organ-Confined (NOC) VH BCa

Across all VH subtypes (Figure 1), female patients had higher NOC rates than males
(68 vs. 58%, p < 0.001), and female sex was an independent predictor of NOC VH BCa
(OR = 1.55, 95% CI 1.26−1.92, p < 0.001).

 

Figure 1. Stacked bar plots depicting stage at presentation according to patient sex in the overall
cohort of non-urothelial variant-histology bladder cancer (VH BCa) treated with radical cystectomy
and within each VH-specific subgroup. Stages were defined as non-organ-confined (NOC) vs. organ-
confined (OC). * p < 0.05.

After stratification according to VH-specific subgroups (Figure 1), female patients
exhibited higher NOC rates in SCC (73% vs. 66%, p = 0.046) and ADK (71% vs. 59%,
p = 0.040). In SCC and ADK subgroups, female sex was also an independent predictor of
NOC VH BCa (Table 2). Conversely, no differences in NOC rates between females and
males were detected in NE (62% vs. 54%, p = 0.3) and other VH (52% vs. 47%, p = 0.4).
In NE and other VH, female sex was also not an independent predictor of NOC VH BCa
(Table 2).
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Table 2. Multivariable logistic regression models predicting non-organ-confined (NOC) stage and
multivariable competing risks regression models predicting cancer-specific mortality (CSM) according
to sex (female vs. male) in the overall cohort of non-urothelial variant-histology bladder cancer (VH
BCa) and within VH-specific subgroup: squamous cell carcinoma (SCC), adenocarcinoma (ADK),
neuroendocrine tumor (NE), and other VHs.

Multivariable Logistic Regression (Non-Organ-
Confined, NOC)

Multivariable Competing Risks Regression
(Cancer-Specific Mortality, CSM)

OR (95%CI) p-Value HR (95%CI) p-Value

Overall cohort (n = 1623)
Females 1.55 (1.26–1.92) 0.0001 (n = 1623)

Females 1.25 (1.04–1.50) 0.02

Stage-specific
subgroup
analyses

OC (n = 623)
Females 1.65 (1.08–2.52) 0.02

NOC (n = 1000)
Females 1.17 (0.96–1.43) 0.1

VH-specific
subgroup
analyses

SCC (n = 671)
Females 1.40 (1.01–1.95) 0.047 SCC (n = 671)

Females 1.33 (1.01–1.75) 0.045

ADK (n = 331)
Females 1.66 (1.02–2.74) 0.044 ADK (n = 331)

Females 1.39 (0.94–2.06) 0.1

NE (n = 304)
Females 1.38 (0.76–2.55) 0.3 NE (n = 304)

Females 1.24 (0.77–2.00) 0.4

Other VH (n = 317)
Females 1.29 (0.81–2.06) 0.3 Other VH (n = 317)

Females 1.06 (0.69–1.63) 0.8

3.3. Effect of Female Sex in Cancer-Specific Mortality (CSM)
3.3.1. CSM in the Overall Cohort

Across all VH subtypes (n = 1623), five-year CSM rates were 43% for females vs. 34%
for males (Figure 2). This translated into a CRR HR of 1.25 (95% CI 1.04–1.50, p = 0.02) after
adjustment for age, T-stage, N-stage, VH, CHT, and OCM (Table 2).
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Figure 2. Cumulative incidence plots depicting 5-year cancer-specific mortality (CSM) and 5-year
other-cause mortality (OCM) in the overall cohort of non-urothelial variant-histology bladder cancer
(VH BCa) according to sex (female vs. male).
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3.3.2. CSM according to Stage-Specific Subgroups (OC vs. NOC)

In the OC subgroup (n = 623), five-year CSM rates were 21% for females vs. 15 % for
males (Figure 3a). This translated into a CRR HR of 1.65 (95% CI 1.08–2.52, p = 0.02) after
adjustment for age, T-stage, VH, CHT, and OCM (Table 2). In the NOC subgroup (n = 1000),
five-year CSM rates were 54% for females vs. 48% for males (Figure 3b). This translated
into a CRR HR of 1.17 (95% CI 0.96–1.43, p = 0.1) after adjustment for age, T-stage, N-stage,
VH, CHT, and OCM (Table 2).

(a) 

(b) 

Figure 3. Cumulative incidence plots depicting 5-year cancer-specific mortality (CSM) and 5-year
other-cause mortality (OCM) according to sex (female vs. male) in both the organ-confined (OC)
(a) as well as non-organ-confined (NOC) subgroup (b).

3.3.3. CSM according to VH-Specific Subgroups (SCC, ADK, NE, other VH)

In the SCC subgroup (n = 671), five-year CSM rates were 39% for females vs. 33% for
males (Figure 4). This translated into a CRR HR of 1.33 (95% CI 1.01–1.75, p = 0.045), after
adjustment for age, T-stage, N-stage, age, and OCM (Table 2).
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(a) 

(b) 

(c) 

Figure 4. Cont.
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(d) 

Figure 4. Cumulative incidence plots depicting 5-year cancer-specific mortality (CSM) and 5-year
other-cause mortality (OCM), according to sex (female vs. male) in squamous cell carcinoma (SCC)
(a), adenocarcinoma (ADK) (b), neuroendocrine tumor (NE) (c), and other VH subgroups (d).

In the ADK subgroup (n = 331), five-year CSM rates were 50% for females vs. 34% for
males (Figure 4). This translated into a CRR HR of 1.39 (95% CI 0.94–2.06, p = 0.1) after
adjustment for age, T-stage, N-stage, and OCM (Table 2). In the NE subgroup (n = 304),
five-year CSM rates were 50% for females vs. 34% for males (Figure 4). This translated
into a CRR HR of 1.24 (95% CI 0.77–2.00, p = 0.4) after adjustment for age, T-stage, N-stage,
CHT, and OCM (Table 2). In the other VH subgroup (n = 317), five-year CSM rates were
41% for females vs. 33% for 142 males (Figure 4). This translated into a CRR HR of 1.06
(95% CI 0.69–1.63, p = 0.8) after adjustment for age, T-stage, N-stage, and OCM (Table 2).

4. Discussion

We hypothesized that female sex is associated with both pathologic stage and CSM
in patients with VH BCa treated with comprehensive RC. Moreover, we tested whether
CSM sex-related differences also apply to stage-specific and/or VH-specific subgroups. We
tested these three hypotheses and observed important sex-related differences.

First, we identified 1623 patients with VH BCa treated with RC. Of those, 38% were
females. Females were a minority in ADK (33%) and NE (18%), as well as other VHs
(37%) but not in SCC (51%). These observations, except for SCC, agree with findings on
UCUB treated with comprehensive RC, where Rosiello et al. reported a 23% female sex
prevalence (SEER 2004–2016) [8]. Interestingly, recurrent urinary tract infections (UTIs) are
a risk factor for SCC [14], and females are at increased risk of recurrent UTIs in comparison
with males. Consequently, the prevalence of recurrent UTIs among females may represent
an explanation for the high rate of SCC. We also observed sex-specific stage distribution
differences. Specifically, females had NOC VH BCa more frequently than males when all
VH patients were assessed (68% vs. 58%), as well as in SCC (73 vs. 66%) and ADK (71
vs. 59%) subgroups, but not in NE (62 vs. 54%) and other VH (52% vs. 47%) subgroups.
Moreover, female sex was an independent predictor of NOC in the overall VH BCa cohort
(OR 1.55, p = 0.0001), as well as in SCC (OR 1.40, p = 0.047) and ADK (OR 1.66, p = 0.044)
subgroups, but not in NE (OR 1.38, p = 0.3) and other VH (OR 1.29, p = 0.3). Taken
together, females represent a minority in VH BCa, except for the SCC subgroup where their
proportion is virtually equally to that of males. However, females had NOC VH BCa more
frequently than their male counterparts.

Second, we examined the association between female sex and CSM. Here, we ac-
counted for other-cause mortality using CRR models to provide the most unbiased estimate
of CSM [15]. In the overall VH BCa cohort, female sex was associated with higher CSM
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(HR 1.25, p = 0.02). In stage-specific subgroup analyses (NOC vs. OC), female sex was
an independent predictor of higher CSM in OC (HR 1.65, p = 0.02), but not in NOC (HR
1.17, p = 0.1) subgroups. Finally, in VH-specific subgroup analyses, females exhibited
higher five-year CSM rates in SCC (39 vs. 33%), ADK (50 vs. 34%), and NE (50 vs. 34%)
subgroups, but not in the other VH (41% vs. 33%) subgroup. These differences translated
into a statistically significant CRR HR for females vs. males only in SCC (1.33, p = 0.045).
Moreover, a clinically meaningful CRR HR was also recorded in ADK (1.39, p = 0.1) and
NE subgroups (1.24, p = 0.4), although both lacked statistical significance. Finally, neither
statistically significant nor clinically meaningful differences in CSM were observed in the
other VH subgroup (1.06, p = 0.8). These observations indicate that the female sex disad-
vantage is mostly operational in the OC and SCC subgroups. Moreover, female sex is also
disadvantageous with respect to CSM in ADK and NE. However, the small sample size
in these two subgroups potentially undermined the statistical significance of these results.
The rarity of VH BCa and the even greater rarity of VH BCa-specific subgroups represents
a major limiting factor in this part of the analysis.

Stage disadvantage in females may reflect a female-specific delay in BCa diagnosis.
Indeed, sex-related differences in referral patterns were reported by Mansson et al. [16].
Specifically, a higher proportion of females vs. males with BCa were referred to a depart-
ment other than urology (26.9% vs. 3.7%) for an initial hematuria work-up. Similarly, Ark
et al. observed that females were less likely than males to be referred to a urologist (OR
0.59) [17]. Moreover, Cohn et al. reported significantly longer delays from initial hematuria
diagnosis to urological assessment in females vs. males (85.4 vs. 73.6 days, p < 0.001) [18].
These findings are not surprising, since in females, most general practitioners associate
microscopic or even gross hematuria with urinary tract infections [19]. Since delay in
diagnosis tends to be greater in females than males, it may be postulated that such delay
introduces a stage disadvantage in females, as was observed in the current study. These
observations are consistent with previous findings regarding UCUB. Consequently, efforts
should be made to maximally reduce or even eliminate diagnostic delays in all females
patients at risk of BCa, including VH BCa [20,21]. The female sex disadvantage extends
beyond stage at diagnosis. Specifically, female sex is associated with higher CSM after
comprehensive RC. The current results validated this hypothesis in the overall VH BCa
cohort, including highly statistically significant multivariable CRR HR, even after adjust-
ment for OCM. Similarly, in the stage-specific subgroup analyses, a female-specific CSM
disadvantage was observed in OC but not in NOC VH BCa after multivariable adjustments,
even for OCM. Finally, in VH-specific subgroup analyses, female sex was associated with a
higher CSM in SCC, as evidenced by statistically significant multivariable CRR HR, even
after adjustment for OCM. Moreover, in the ADK and NE subgroups, female sex was
associated with clinically meaningful higher CSM. However, the small sample size of these
VH-specific subgroups undermines the statistical significance of these comparisons. Taken
together, female sex clearly predisposes to worse CSM in the overall BCa cohort VH, and
this effect is clearly detectable in SCC, ADK, and NE, but not in other VH subgroups.

It is important to emphasize the combined detrimental effect of female sex in both
stage distribution (NOC) and CSM in VH BCa. Specifically, in the entire VH BCa cohort, as
well as in the SCC subgroup, a highly statistically significant association between female
sex and both NOC stage and CSM was observed. In consequence, it may be postulated
that in VH BCa, female patients not only present with higher stage but independently
of stage, female sex is also disadvantageous with respect to survival. This observation
is consistent with the same two-step female disadvantage in UCUB reported by Rosiello
et al. [8], where female sex is associated with a more advanced stage at presentation, and
fully independently of stage, female sex is also associated with a higher CSM.

To the best of our knowledge, we are the first to report this association in patients
with VH BC treated with comprehensive RC. Despite the novelty of our findings, our
observations are limited in several regards. First, our findings are based on limited sample
size, especially within VH-specific subgroup. However, the current cohort represents the
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largest group of patients with VH BCa treated with RC. Second, the SEER database does not
include detailed preoperative information regarding (1) the time interval from diagnosis to
RC, (2) the number of recurrences, (3) the use of intravesical therapy, (4) the number and ex-
tent of previous trans-urethral bladder tumor resection (TURBT), (5) TURBT completeness,
(6) tumor multifocality, (7) tumor size, (8) presence of associated CIS, and (9) molecular or
mutational characteristics, as well as other similar pathological variables that may have
been systematically worse in women [22–26]. Third, a centralized pathology review is not
available within the SEER database. Fourth, SEER database findings are applicable only to
patients from the United States and are not generalizable to other healthcare settings. These,
as well as all other limitations related to the retrospective, population-based nature of the
SEER database, apply to this research and to other similar analyses that were based on
other similar large-scale data repositories (National Cancer Data Base, National Inpatient
Sample, SEER-Medicare, or National Surgical Quality Improvement Program).

However, no prospective studies investigating the role of sex in VH BCa treated with
RC have been published so far. Consequently, the current findings represent the strongest,
more robust, and most generalizable proof of the association of female sex with the outcome
of VH BCa treated with RC.

5. Conclusions

In VH BC patients treated with comprehensive RC, female sex is associated with a
more advanced stage. Fully independently of stage, female sex is also associated with a
higher CSM.
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Abstract: There is a well-documented problem of inferior outcome of muscle-invasive bladder cancer
(MIBC) after radical cystectomy (RC) in women. However, previous studies were conducted before
neoadjuvant chemotherapy (NAC) was widely adopted to multidisciplinary management of MIBC.
In our study, we assessed the gender-related difference in survival between patients who received
NAC and those who underwent upfront RC, in two academic centers. This non-randomized, clinical
follow-up study enrolled 1238 consecutive patients, out of whom 253 received NAC. We analyzed
survival outcome of RC according to gender between NAC and non-NAC subgroups. We found
that female gender was associated with inferior overall survival (OS), compared to males (HR, 1.234;
95%CI 1.046–1.447; p = 0.013) in the overall cohort and in non-NAC patients with ≥pT2 disease
(HR, 1.220 95%CI 1.009–1.477; p = 0.041). However, no gender-specific difference was observed in
patients exposed to NAC. The 5-year OS in NAC-exposed women in ≤pT1 and ≥pT2 disease, was
69.333% 95%CI (46.401–92.265) and 36.535% (13.134–59.936) respectively, compared to men 77.727%
95%CI (65.952–89.502) and 39.122% 95%CI (29.162–49.082), respectively. The receipt of NAC not only
provides downstaging and prolongs patients’ survival after radical treatment of MIBC but may also
help to diminish the gender specific disparity.
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1. Introduction

According to population-based studies, women have better survival rates, compared
to men, after diagnosis of most cancers [1]. However, no such phenomenon is observed
in bladder cancer (BC). The risk of BC progression and mortality is higher in women than
in men [2]. In contrast, men are more likely to develop BC than women [1]. This gap in
oncological outcomes may be partially attributed to more advanced stage at presentation
in women [3]. The initially higher T-stage is mainly explained by a longer delay in the
diagnosis of BC in women than in men, whereby a urinary tract infection (UTI) might be
regarded as the culprit of a misdiagnosis of BC due to association with hematuria and higher
prevalence among women. Although UTIs are more common in women <40 years old, a
limited assessment of a gross hematuria is still seen in older women [4]. The gender-related
survival disparity is also observed in stage-to-stage comparisons between women and men
and is particularly pronounced in advanced stages of BC; hence, higher presenting stage in
women cannot fully clarify this phenomenon [3]. Moreover, differences in gender-specific
survival persist after radical cystectomy (RC). This emphasizes the complexity of this issue
and the potential impact of other factors, such as treatment availability and patterns, tobacco
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smoking, chemical exposure, and hormonal status [5]. An association of gender with long-
term outcomes of RC has been extensively analyzed before the widespread adoption of
neoadjuvant chemotherapy (NAC) [6,7]. Administration of NAC is the current standard of
care for patients with muscle-invasive bladder cancer (MIBC) eligible for cisplatin therapy
and provides up to 50% of downstaging to <ypT2N0, with complete remissions achievable
in one-third of patients [8,9]. Moreover, NAC improves overall survival (OS) by 5–8%
at 5 years, equivalent to a number needed to treat of 12.5 [10]. Besides NAC, currently
there is an increasing number of promising precisely targeted agents which are assessing
for use in neoadjuvant setting in BC. These agents might be use alone or in combination
with traditional chemotherapy [11]. However, cisplatin-based combination chemotherapy
remains a recommended treatment before RC. Nevertheless, data regarding the gender
inequality in survival after RC in the NAC era are limited. Therefore, in this evolving
landscape of treatment for MIBC, we decided to conduct a study which answers a question
of whether the gender-related disparity in survival in patients undergoing upfront RC
would still be observed after exposure to NAC.

In the present study, we hypothesized that the administration of NAC not only im-
proves mid-term outcome after RC, but may as well diminish the survival disadvantage
among women after RC. Hence, the objective of our study was to reassess the differences
in gender-specific survival between chemotherapy pre-treated and chemotherapy-naïve
patients undergoing RC in the NAC era.

2. Material and Methods

This non-randomized clinical follow-up study was exempt from further review by the
Institutional Review Board (Bioethical Committee) of the Pomeranian Medical University,
Szczecin, Poland (protocol number KB. 006.102.2022/Z-9521) and was conducted according
to the regulations set forth by the Declaration of Helsinki. Consent for research participation
was routinely obtained from all patients involved, namely, for the use of their anonymized
treatment data collected during hospitalization. Consecutive patients who underwent RC
and pelvic lymphadenectomy due to MIBC at two university centers—the Department of
Urology and Urological Oncology of the Pomeranian Medical University, Szczecin, Poland,
and the Department of Minimally Invasive and Robotic Urology, University Center of
Excellence in Urology of Wroclaw Medical University, Poland—were enrolled in the study.
Patients were treated between 1991–2021 and 2003–2021, in first and second participating
department, respectively. Patients with metastatic disease, those who underwent cystec-
tomy for palliative indications, those who underwent partial bladder resections, patients
with a history of pelvic radiotherapy, and those with non-urothelial pathology were ex-
cluded from analysis. In total, 99 patients were excluded, and the data of 1238 patients
were utilized for statistical analyses. The analyzed cohort was divided into two groups
according to NAC administration. NAC was administered to 253 patients until the end
of 2021. The remaining study population underwent upfront RC with eventual adjuvant
treatment depending on the final pathologic stage (non-NAC group, n = 985). The NAC
cisplatin-based chemotherapy was offered patients who meet all eligibility criteria, includ-
ing Eastern Cooperative Oncology Group Performance Status (ECOG PS) 0–1, glomerular
filtration rate (GFR) > 60 mL/min, audiometric hearing loss grade < 2, peripheral neu-
ropathy grade < 2, and function of the heart according to the New York Heart Association
Functional Classification < III. If patent did not fulfill all those criteria and ECOG PS was
at least 2 and GFR was between 30–60 mL/min, then carboplatin-based chemotherapy
was considered. However, if GFR was <60 mL/min and ECOG PS < 2 and the patient
had adequate bone marrow reserve, then taxane-based chemotherapy was offered after
individual assessment by oncological team. No patient was exposed to immuno-oncology
therapy before RC. To identify differences between genders, we evaluated the associa-
tion between gender and long-term oncological outcome in both groups according to the
pathological stage (Figure 1). Data were reviewed for internal consistency. Descriptive
statistics including mean ± standard deviation (SD) and median (interquartile range, IQR)
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were applied for normally distributed and skewed data, respectively. Single variables
were compared using an independent t-test (parametric variables) and a chi-square test
(non-parametric variables). If the Cochran’s assumptions for chi-square test were not met,
the Fisher–Freeman–Halton test was applied. OS probabilities over time were presented
using Kaplan–Meier survival estimates and univariate Cox models. The survival curves of
different groups were compared using the log-rank test. Multivariable Cox proportional
hazard models were applied to examine the impact of prognostic factors on survival, in-
cluding age at the time of surgery, gender, the severity of comorbidities reflected by the
American Society of Anesthesiologists (ASA) score, pathological T stage, cancer grade, and
pathological lymph node status. To test for independence between residuals and time,
an assessment of the proportional hazard assumption of final multivariable models was
performed using scaled Schoenfeld residuals with time. The results of Cox proportional
hazard models were presented as hazard ratios (HR) with their 95% confidence intervals
(CIs). Additionally, because patients were not randomly assigned to administration of
NAC, we performed propensity scores analyses. Logistic regression was used to calculate
propensity scores to estimate the predictive probabilities of receiving NAC. We considered
p value < 0.05 as statistically significant and all p values were two-sided. All tests were
performed using Statistica software, version 13.5 (StatSoft, Inc., Tulsa, OK, USA) and R
(version 4.2.2) and RStudio (version 2022.12.0) with R packages survival, survminer, drylr.

Figure 1. Flowchart of the study. NAC: neoadjuvant chemotherapy; RC: radical cystectomy.

3. Results

Out of 1238 patients included in the study, 253 (20.4%) received NAC. The median
follow-up time was 23.467 months (IQR, 8.800–52.233), and there were no significant differ-
ences between genders (women, 21.333 months [IQR, 8.783–50.667] vs. men, 23.967 months
[IQR, 8.800–52.233]). Women were generally older at the time of surgery and had higher
pathological cancer stage than men. Statistically, greater proportion of women had extraves-
ical disease (65.98% and 57.14% respectively; p = 0.007). However, there were no significant
differences in lymph node metastasis, tumor grade, and ASA score distributions (Table 1).
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Table 1. Baseline patients’ characteristics according to gender.

Variable Female Male p Value

Totals, No. (%) 244 (19.71) 994 (80.29)
Age, years 0.006

Mean 66.709 64.79
SD 9.88 8.64

ASA score, No. (%) 0.082
1 17 (6.97) 99 (9.96)
2 169 (69.26) 611 (61.47)
3 58 (23.77) 277 (27.87)
4 0 (0.00) 7 (0.70)

Pathological T stage, No. (%) 0.007
pT0 23 (9.43) 80 (8.05)
pTis/Ta/T1 22 (9.02) 153 (15.39)
pT2 38 (15.57) 193 (19.42)
pT3 95 (38.93) 288 (28.97)
pT4 66 (27.05) 280 (28.17)

Pathological N stage, No. (%) 0.319
pN0 151 (61.89) 649 (65.29)
pN+ 93 (38.11) 345 (34.71)

Cancer grade, No. (%) 0.213
Low grade 12 (4.92) 71 (7.14)
High grade 232 (95.08) 923 (92.86)

Neoadjuvant chemotherapy, No. (%) 0.878
No 195 (79.92) 790 (79.48)
Yes 49 (20.08) 204 (20.52)

Chemotherapy regimen, No. (%) 0.515
ddMVAC 21 (8.61) 96 (9.66)

Gemcitabine-cisplatin 27 (11.07) 92 (9.26)
Gemcitabine-carboplatin 0 (0.00) 5 (0.50)
Gemcitabine-paclitaxel 1 (0.41) 11 (1.11)

Cycles of chemotherapy, No, (%) 0.894
<3 19 (7.79) 77 (7.75)
≥3 30 (12.30) 127 (12.78)

Department, No. (%) 0.044
Szczecin 117 (47.95) 406 (40.85)
Wrocław 127 (52.05) 588 (59.15)

Follow-up, months 0.746
media 21.333 23.967
IQ 8.783–50.667 8.800–52.233

ASA score: American Society of Anesthesiologists score; IQR: interquartile range; SD standard deviation.

No significant difference between women and men was found regarding exposure
to NAC (women 20.08% vs. men 20.52%), chemotherapy regimen, and number of NAC
cycles administered (Table 1). NAC provided disease downstaging to <ypT2N0 in 86
(33.99%) patients, including complete responses (CR) in 43 (17.00%; Table 2). No significant
differences between women and men were observed in response rates to NAC. Complete
remissions were observed in 22.45% of women and 14.71% of men (p = 0.187), whereas
partial responses (<ypT2N0) were noted in 34.69% of women and 30.39% of men (p = 0.560).
However, there were significant differences in response to NAC between participating
centers. In the Department of Urology and Urological Oncology in Szczecin, CR was
achieved in 22% of patients, whereas the rate of complete remissions in the Department
of Minimally Invasive and Robotic Urology in Wrocław reached only 12% (p = 0.043).
Correspondingly, significant difference was observed in partial response rates (40.0% and
25.49% respectively, p = 0.015). Further heterogeneity was observed regarding preferred
cytotoxic regimens. In Szczecin, 59 (59%) patients received dose-dense methotrexate,
vinblastine, doxorubicin, and cisplatin (ddMVAC) regimen, as compared to 58 (37.9%)
patients who were exposed to NAC in Wroclaw (p < 0.001). Furthermore, fewer patients
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received an optimal number of NAC cycles (≥3) in Wroclaw, as compared to Szczecin
(55.6% versus 72.0%, p = 0.008).

Table 2. Baseline patients’ characteristics according to expose to neoadjuvant chemotherapy.

Variable non-NAC NAC p Value

Totals, No. (%) 985 (79.56) 253 (20.44)
Age, years 0.431

Mean 65.27 64.77
SD 9.13 8.11

Gender, No. (%) 0.878
Female 195 (19.80) 49 (19.37)
Male 790 (80.20) 204 (80.63)

ASA score, No. (%) 0.084
1 96 (9.75) 20 (7.91)
2 633 (64.26) 147 (58.10)
3 251 (25.48) 84 (33.20)
4 5 (0.51) 2 (0.79)

Pathological T stage, No. (%) <0.001
pT0 60 (6.09) 43 (17.00)
pTis/Ta/T1 132 (13.40) 43 (17.00)
pT2 177 (17.97) 54 (21.34)
pT3 330 (33.50) 53 (20.95)
pT4 286 (29.04) 60 (23.72)

Pathological N stage, No. (%) 0.161
pN0 627 (63.65) 173 (68.38)
pN+ 358 (36.35) 80 (31.62)

Cancer grade, No. (%) <0.001
Low grade 81 (8.22) 2 (0.79)
High grade 904 (91.78) 241 (99.21)

Chemotherapy regimen, No. (%)
ddMVAC n/a 117 (9.44)
Gemcitabine-cisplatin n/a 119 (9.60)
Gemcitabine-carboplatin n/a 5 (0.40)
Gemcitabine-paclitaxel n/a 12 (0.97)

Cycles of chemotherapy, No, (%)
<3 n/a 96 (7.75)
≥3 n/a 157 (12.68)

Department, No. (%) 0.326
Szczecin 423 (42.94) 100 (39.53)
Wrocław 562 (57.06) 153 (60.47)

Follow-up, months 0.155
median 21.77 29.40
IQR 8.00–53.27 10.43–49.57

ASA score: American Society of Anesthesiologists score; IQR: interquartile range; SD standard deviation.

Kaplan–Meier survival curves and Cox regression analyses were performed in the
entire cohort and revealed that OS observed in women was inferior to that in men (HR,
1.234; 95% CI, 1.046–1.447; p = 0.013). The 5-year OS for women and men was 32.906% (95%
CI, 26.215–39.597) and 41.819% (95% CI, 38.377–45.261), respectively. After stratification by
pT stage, inferior OS was observed in women with ≥pT2 disease, as compared to men (HR,
1.218; 95%CI, 1.017–1.458; p = 0.032). The 5-year OS for women and men with ≥pT2 disease
was 24.926% (95% CI, 18.267–31.585) and 32.596% (95% CI, 28.821–36.371), respectively. The
difference was consistently observed in a subset of patients with ≥pT2 disease who did not
receive NAC, with a 5-year OS of 25.511% (95% CI, 18.688–32.334) in women as opposed
to 32.596% (95% CI, 28.821–36.371) in men (HR, 1.220; 95%CI, 1.009–1.477; p = 0.041).
However, no gender-specific difference was observed across stage groups in patients who
received NAC. The 5-year OS in the NAC group for women in ≤ypT1 and ≥ypT2 disease
was 69.333% (95% CI, 46.401–92.265) and 36.535% (95% CI, 13.134–59.936), respectively
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as opposed to 77.727% (95% CI, 65.952–89.502) and 39.122% (95% CI, 29.162–49.082), in
men (Figure 2). These findings were validated using a competing risk regression model.
In multivariable analysis, the difference in OS was observed in the non-NAC ≥pT2 group
(HR, 1.229; 95%CI, 1.013–1.492; p = 0.036). However, administration of NAC diminished
gender-specific disparities in OS after RC also among patients who did not respond to
neoadjuvant therapy (HR, 1.136; 95%CI, 0.630–2.046; p = 0.672; Table 3; Table S1). These
results were confirmed in propensity scores analysis (Table S2).

Figure 2. Kaplan–Meier analysis of overall survival in chemotherapy-naïve and chemotherapy
pre-treated patients who underwent radical cystectomy stratified according to tumor stage.

Table 3. Impact of female sex on overall survival in univariable, multivariable and propensity-
weighted regression analysis stratified by pT stage and receipt of neoadjuvant chemotherapy.

UNIVARIABLE MULTIVARIABLE * PROPENSITY SCORE **

HR
Lower

CI
Upper

CI
p HR

Lower
CI

Upper
CI

p HR
Lower

CI
Upper

CI
p

All patients

all 1.234 1.046 1.447 0.013 1.103 0.926 1.314 0.271 1.171 0.974 1.408 0.093
<pT2 0.830 0.440 1.567 0.566 0.844 0.430 1.659 0.624 0.777 0.401 1.505 0.454
≥pT2 1.218 1.017 1.458 0.032 1.219 1.015 1.463 0.034 1.226 1.011 1.486 0.038

non-NAC

all 1.244 1.034 1.496 0.021 1.162 0.963 1.402 0.118 1.168 0.958 1.425 0.125
<pT2 0.584 0.252 1.353 0.210 0.726 0.314 1.680 0.454 0.555 0.232 1.331 0.187
≥pT2 1.220 1.009 1.477 0.041 1.229 1.013 1.492 0.036 1.241 1.011 1.524 0.039
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Table 3. Cont.

UNIVARIABLE MULTIVARIABLE * PROPENSITY SCORE **

HR
Lower

CI
Upper

CI
p HR

Lower
CI

Upper
CI

p HR
Lower

CI
Upper

CI
p

NAC

all 1.151 0.706 1.877 0.572 1.228 0.732 2.059 0.437 1.228 0.732 2.059 0.437
<ypT2 1.683 0.596 4.748 0.325 1.852 0.603 5.690 0.282 1.852 0.603 5.690 0.282
≥ypT2 1.090 0.624 1.904 0.762 1.136 0.630 2.046 0.672 1.136 0.630 2.046 0.672

* Addjusted for age, gender, severity of comorbidities reflected by American Society of Anesthesiologists, patho-
logical T stage, pathological N stage, tumor grade, neoadjuvant chemotherapy. ** Weighted for age, gender,
severity of comorbidities reflected by American Society of Anesthesiologists. CI: confidenceinterval; HR: hazard
ratio; NAC: neoadjuvant chemotherapy.

4. Discussion

Gender-related survival differences in BC are well documented and more pronounced
among patients undergoing RC [5,12–14]. These findings are surprising given that women
generally have better disease-specific survival than men for most cancers affecting both
sexes [15–17]. This phenomenon has not been fully elucidated, with current hypothe-
ses including longer delay from presentation with hematuria to diagnosis in women,
anatomic and hormonal differences, higher stage at presentation, and variation in tumor
biology [4,11,18–20]. However, once diagnosed with MIBC, data on sex-specific responses
to different treatment regimens and the influence on oncological outcomes is limited.

In our study, women undergoing RC due to MIBC showed inferior OS when compared
with men, which is in line with previous reports [5,14]. However, the difference in our
cohort was more significant. The HR in the overall cohort was 1.234 (95% CI, 1.046–1.447).
According to Krimphove et al., who used data from the National Cancer Database, women
presenting with MIBC accounted for only 4% and were slightly more likely to die than
men (HR, 1.04; 95% CI, 1.00–1.07) [21]. The difference was even less pronounced in other
studies [2,22]. Variations in observed outcomes between the studies may be attributed to
the differences in sample size, period of treatment, and study design. Our cohort was more
homogeneous than cohorts in previous studies as we excluded patients with pathological
variants of BC other than urothelial carcinoma and included patients who underwent
RC at academic centers. Moreover, the differences between gender may be related to
the increasing prevalence of tobacco-related BC among women in Poland. The highest
exposure to smoking, which reached 50%, was reported in generation of Polish women
born between 1940 and 1960 [23]. Therefore, considering the latency time and cohort effect,
the incidence and mortality due to BC in women showed an increasing trend, which may
explain the higher disproportion in OS observed between genders in our study.

In the subgroup analysis of patients with ≥pT2 disease sex-related differences ob-
served for all cohort persisted, with unadjusted and adjusted HR of 1.218 (95% CI, 1.017–
1.458) and 1.219 (95% CI, 1.015–1.463), respectively. After further stratification of this group
according to NAC exposure, the survival gap was evident in chemotherapy-naïve patients
(HR, 1.229; 95% CI, 1.013–1.492), but was no longer found in patients who received NAC,
in whom OS of women was comparable to that of men (HR, 1.136; 95% CI, 0.630–2.046).
Equivalent results were presented in meta-analysis by Kimura et al. who analyzed the
association between gender and oncologic outcomes in the NAC pretreated cohort. In their
study, gender was not associated with overall mortality. Similarly, no correlation with CR
or partial response was found. Of note, women undergoing NAC and RC were less likely
to have tumor upstaging at the time of surgery than men [24].

Diminishment of gender-related OS gap in NAC pre-treated patients after RC may be
partially explained at molecular level. According to the Cancer Genome Atlas, MIBC is di-
vided into two main subgroups: luminal and basal-squamous. Each type is associated with
distinct histopathological features, prognosis, and treatment implications [25]. Robertson
et al. discovered that BC in women was mostly categorized as the basal-squamous subtype,
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which expressed high levels of CTLA4 and CD274 (PD-L1) immunomarkers and responded
well to immune therapy [26]. Moreover, Seiler et al. highlighted that this molecular subtype
showed greater response rate and survival improvement after NAC-RC, compared to other
subtypes and cystectomy alone. Given higher proportion of basal-squamous subtype in
women, we hypothesize NAC may yield better responses in female patients [27].

Another potential reason for comparable survival outcomes observed between sexes
after NAC exposure may be related to difference in bladder wall thickness. The bladder
wall is thinner in women than in men, which may facilitate more thorough transurethral
resection of bladder tumor (TURBT) [28]. James et al. showed the association between
maximal TURBT and improved survival and oncologic outcomes in a cohort of patients
with MIBC. NAC pretreated patients who underwent maximal TURBT were more likely to
achieve a complete pathologic response (odds ratio 3.17; 95% CI, 1.02–9.83) [29]. Similar
results were reported by other authors [30].

Several NAC regimens were analyzed in this study. A significant proportion of
patients were treated with ddMVAC regimen (46.25%), which may have affected our results.
Haines et al. analyzed the association between gender and outcomes in patients with
metastatic urothelial carcinoma and revealed a significantly longer survival in women
than in men treated with MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin),
whereas no gender-related differences were observed in patients treated with gemcitabine
and cisplatin regimens. However, these findings should be interpreted with caution given
the small sample size of female patients treated with MVAC [31]. Therefore, an improved
female response to ddMVAC is a hypothesis rather than a firm conclusion [9]. However,
gender-related differences in response to particular regimens are not implausible.

Our present study has limitations, and the results should be interpreted within the
limitations of the observational study design. Firstly, we were unable to analyze unmea-
sured confounding factors, such as socioeconomic status, comorbidities using the Charlson
Comorbidity Index, smoking status, clinical stage, and adjuvant chemotherapy, which
may have influenced survival. Hence, we also could not have provided a rate of clinical
understaging in patients who underwent upfront RC. Secondly, there were significant
disparities between participating centers regarding chemotherapy regimens, number of
administered cycles, and response to neoadjuvant treatment. A plausible explanation of
this phenomenon may include different treatment periods. Patients from the Department
of Urology in Szczecin were treated more recently, when the role of NAC in the treatment of
MIBC was firmly established, whereas in Wroclaw, the analysis, spanning over a period of
30 years, included the early era of NAC [32]. This discrepancy may be one of reasons why
more patients in Wroclaw received less optimal regimens. Thirdly, as data regarding cause
of death was not always available, our survival analysis was limited to OS, which may have
introduced additional bias due to concurrent mortality, potentially significant in this popu-
lation. Lastly, we are aware that currently there are ongoing studies, investigating novel
therapeutic opportunities in neoadjuvant setting in MIBC. Preliminary results of these trials
suggested that using agents such as checkpoint inhibitors before RC has clear potential
advantages, due to their acceptable tolerance and high efficacy. Hence, soon, we might
see changes in the landscape of treatment of BC [33,34]. Moreover, currently observing
gender-related disparities among patients who are not exposing to neoadjuwant therapy
might not be observed as more patients will be eligible to multidisciplinary approach. Thus,
only palliative cases will be treated with upfront cystectomy.

Despite these limitations, we believe that this study provides a reliable analysis of
gender-specific outcomes of early multidisciplinary management of MIBC. One of the
strengths of the present study is the novelty of results addressing diminishing gender-
specific disparities in survival in patients regardless of response status to NAC. In previous
reports addressing sex-specific disparities after NAC administration, a reduction of survival
gap was only observed in patients with pT4 disease [35,36]. Our results highlighted that
women who have no pathological response to NAC may benefit from multidisciplinary
treatment. Administration of NAC may help to mediate influence of potential sex-related
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factors, such as delayed diagnosis, anatomical differences, higher stage at the time of
diagnosis, or altered tumor biology, which likely contribute to differences in oncologic
outcomes.

5. Conclusions

In summary, our results highlight that the administration of neoadjuvant chemother-
apy helps decrease the gender-related survival gap after radical cystectomy. Thus, we
believe that female patients may benefit from gender-specific counseling regarding periop-
erative therapeutic strategies and personalized medicine approaches to greater extent than
male patients. However, lack of gender-associated disparities in the survival of patients
with muscle invasive bladder cancer after multidisciplinary treatment cannot be entirely
proven based on the limitations of the study and further large, prospective studies are
needed. Furthermore, in the light of an ongoing era of immunotherapy in advanced bladder
cancer, the gender-related disparities should be studied simultaneously with the efficacy of
new agents.
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Abstract: Bladder cancer (BC) is the most common of the malignancies affecting the urinary tract.
Smoking and exposure to occupational and environmental carcinogens are responsible for most
cases. Vallès Occidental is a highly industrialized area in north-eastern Spain with one of the highest
incidences of BC in men. We carried out a case–control study in order to identify the specific risk
factors involved in this area. Three hundred and six participants were included (153 cases BC and
153 controls matched for age and sex): in each group, 89.5% (n = 137) were male and the mean age
was 71 years (range 30–91; SD = 10.6). There were no differences between groups in family history,
body mass index, or dietary habits. Independent risk factors for CV were smoking (OR 2.08; 95% CI
1.30–3.32; p = 0.002), the use of analgesics in nonsmokers (OR 10.00; 95% CI 1.28–78.12; p = 0.028), and
profession (OR: 8.63; 95% CI 1.04–71.94; p = 0.046). The consumption of black and blond tobacco, the
use of analgesics in nonsmokers, and occupational exposures are risk factors for the development of
BC in this area, despite the reduction in smoking in the population and the extensive measures taken
in the last few decades in major industries to prevent exposure to occupational carcinogens.

Keywords: bladder cancer; risk factors; occupational exposure; smoking; analgesics

1. Introduction

Bladder cancer (BC) is the most common of those affecting the urinary tract. World-
wide, BC is the seventh most common cancer diagnosed in men and the seventeenth in
women. When only developed countries are considered, it ranks fourth and ninth in
men and women, respectively. BC represents 4.4% of all new cancer diagnoses (excluding
nonmelanoma skin cancer) in the United States and Europe [1].

The incidence of BC in Spain, adjusted for age to the Standard European Population,
is 20.08 cases per 100,000 inhabitants (95% CI 13.9–26.3), one of the highest in Europe [2,3].
Vallès Occidental is a region of Catalonia located in the northeast of Spain with an extended
industrial tradition, mainly textiles, in which a markedly elevated incidence of BC was
detected in men in the 1990s [4]. This trend remains at present [5], with a crude rate of
62.6 (95% CI 55.0–70.1) in men and 6.8 (95% CI 4.4–9.3) in women, and an annual rate
adjusted for the standard European population of 85.3 (95% CI 75.0–95.5) in men and
7.0 (95% CI 4.5–9.5) in women. In addition, although we do not have specific data on
other types of cancer, the crude rate per 1000 inhabitants of active neoplasia in West Vallès
Occidental in 2015 was significantly higher than that of the rest of Catalonia (29.17 vs. 21.85,
respectively) [6].
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The main risk factor for the development of bladder cancer is smoking, accounting
for 50% of the cases [7,8]. The occupational exposure to carcinogens is the second most
relevant risk factor, the estimation being that up to 10% of bladder cancers have their origin
in occupational exposure [9].

Given the high incidence of BC in Vallès Occidental, the current study aims to identify
the independent risk factors that may favour the development of BC in this setting.

2. Materials and Methods

A case–control study was designed to assess BC risk factors. Cases were identified in
the area of the Hospital Universitari Mútua Terrassa, which serves a population of more
than 260,000 inhabitants; inclusion criteria were being aged 18 years or more, and having
a histologically confirmed diagnosis of primary BC during the years 2018–2019. Controls
were obtained from hospital-recruited individuals without BC, matched with cases for
sex and age (±2 years), during the same period. Both the cases and the controls had to
be residents of the West Vallès Occidental health area. Cases with nonurothelial bladder
tumors and recurrences were excluded from the study.

A sample size of at least 106 cases and 106 controls matched for age and sex was
estimated, accepting an alpha risk of 0.05 and a beta risk of 0.2 in a bilateral contrast, to
detect a minimum odds ratio of 2.5. It was assumed that the proportion of exposure to any
of the studied factors in the control group would be 0.2 [10].

A survey was developed to obtain information through a direct interview, always
conducted by the same urologist, who inquired about the patient’s demographic and
medical data, as well as about the risk factors under study. Possible risk factors included
medical family history of BC; area of habitual residence; consumption of toxic substances,
including black and blond tobacco (number of cigarettes per day and years of consumption)
and alcohol intake (grams of alcohol per day and years of consumption); characteristics of
diet in relation to the consumption of caffeinated or decaffeinated coffee (number of cups
of coffee and years of consumption), intake of water from the public network or bottled
(litters of water per day) and habitual consumption of animal fats; and analgesic intake.
Subjects were asked if they used an analgesic at least once a week for a month or more
before the date of inclusion in the study (date of diagnosis of BC in the cases). Those who
responded positively were asked about the number of weekly analgesic tablets and the
condition for which the drug was prescribed.

Finally, both current and past occupational exposures and years of exposure to each of
them were recorded. After a descriptive analysis of every occupational exposure, both in
cases and controls, the assessment of professions as a BC risk factor was based on a meta-
analysis of 263 articles [11], in which 61 occupations were classified following the codes of
the International Standard Classification of Occupations (ISCO-58) [12]; the corresponding
odds ratio (OR) for BC for every employment was then estimated: 42 occupations showed
an increased incidence of BC, while 6 had a lower incidence. In the present study, and for
analysis purposes, to summarize the different occupations collected along the participants’
working history, we assigned to every case and control the maximum risk of occupational
exposure, expressed as the corresponding OR estimated in the above-mentioned meta-
analysis [11].

This study was approved by the Ethics and Research Committee of the Hospital
Universitari Mútua de Terrassa and conformed to the principles of the Declaration of
Helsinki. All participants signed informed consent.

The statistical analysis of the data was carried out using the IBM SPSS version 26
program, including measures of central tendency and dispersion for the quantitative
variables, and the frequencies with the corresponding percentages for the qualitative
variables. For all the variables (risk factors) collected, the OR was initially obtained by
means of a conditional logistic regression model, to account for matching, in which the
dependent variable was a case or a control. The factors that showed statistical significance
in the bivariate analysis were afterwards included in a multivariate conditional logistic
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regression model to obtain the corresponding adjusted OR and their 95% confidence
intervals. In this model, the possible interaction between tobacco, coffee, and analgesic
consumption was explored.

3. Results

A total of 306 participants were included in the study: 153 cases and 153 controls
matched for age and sex. In each group, 89.5% (n = 137) of the participants were male. The
mean age was 71.98 years (range 30–91; SD = 10.64) for the cases and 71.91 years (range
30–91; SD = 10.62) for the controls. The age distribution was identical in both groups, with
76.5% (n = 117) older than 65 years.

3.1. Family Background

There were no significant differences between cases and controls in terms of the
presence of family history (68.8% vs. 31.3%, p = 0.123) (Table 1) nor globally (OR = 2.20;
95% CI 0.76–6.33) (Table 2).

Table 1. Bivariate assessment of risk factors involved in bladder cancer in West Vallès Occidental.

Variable Cases Controls p-Value 1

Family
background of
bladder cancer

n (%) 11 (68.8) 5 (31.3) 0.123

Obesity (BMI > 30) n (%) 47 (30,7) 42 (27.5) 0.615

Blond tobacco

n (%)
Number cigarettes/day.

mean (SD)
Years, mean (SD)

81 (52.94)
21.64 (12.10)
35.95 (13.69)

53 (34.64)
15.64 (8.77)

29.74 (15.73)

0.001
0.002
0.017

Black tobacco

n (%)
Number cigarettes/day.

mean (SD)
Years, mean(SD)

68 (44.44)
21.99 (14.81)
36.13 (16.24)

38 (24.84)
18.37 (11.71)
32.13 (14.67)

<0.0001
0.198
0.211

Caffeinated coffee

n (%)
Number cups of

coffee/day. mean (SD)
Years, mean (SD)

122 (79.74)
2.04 (1.58)

47.84 (20.78)

111 (72.55)
2.05 (1.33)

45.92 (11.82)

0.141
0.946
0.392

Decaffeinated
coffee

n (%)
Number cups of

coffee/day mean (SD)
Years, mean (SD)

24 (15.69)
2.33 (1.71)

32.67 (18.67)

24 (15.69)
1.54 (0.93)

45.79 (12.86)

1.000
0.052
0.007

Alcohol
consumption

n (%)
Grams of alcohol/day.

mean (SD)
Years. Mean (SD)

101 (66.01)
38.22 (26.24)
47.90 (10.87)

98 (64.05)
31.33 (21.44)
47.61 (9.56)

0.720
0.044
0.843

Tap water n (%)
Liters/day, mean (SD)

53 (34.64)
1.82 (2.07)

47 (30.72)
1.28 (0.51)

0.465
0.086

Bottled water n (%)
Liters/day, mean (SD)

101 (66.01)
2.02 (3.09)

107 (69.93)
1.27 (0.53)

0.463
0.013

Animal fats n (%)
Quantity, mean (SD)

141 (92.16)
2.96 (1.64)

146 (95.42)
3.09 (1.70)

0.237
0.52

Analgesics
treatments

n (%)
Tablets/week, mean

(SD)

58 (37.91)
6.83 (2.33)

28 (18.30)
6.36 (1.64)

<0.0001
0.34

n = number of individuals; SD: standard deviation. 1 Student t test for parametric variables and Mann–Whitney U
for nonparametric variables, significance level <0.05. In bold, significant p-values.
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Table 2. Odds ratio and 95% CI for the risk factors collected.

Variable

Conditional Logistic
Regression

OR (95% CI) p

Age 1.16 (0.83–1.63) 0.393

Family background
of bladder cancer 2.20 (0.76–6.33) 0.144

Body mass index (BMI) 1.03 (0.98–1.09) 0.217

Obesity (BMI > 30) 1.17 (0.71–1.92) 0.529

Blond tobacco 2.08 (1.30–3.32) 0.002

Black tobacco 2.67 (1.55–4.58) <0.0001

Caffeinated coffee 1.61 (0.89–2.90) 0.112

Decaffeinated coffee 1.00 (0.51–1.96) 1.000

Alcohol consumption 1.11 (0.66–1.87) 0.691

Tap water 1.18 (0.74–1.88) 0.480

Bottled water 0.85 (0.53–1.34) 0.480

Animal fats 1.83 (0.68–4.96) 0.232

Analgesics treatments 2.67 (1.55–4.58) <0.0001

OR = odds ratio; 95% CI = 95% confidence interval for OR. In bold, significant p-values OR (significance
level < 0.05).

3.2. Body Mass Index

No differences in body mass index (BMI) were observed between either group. Mean
BMI was 28.62 ± 4.24 in cases and 28.04 ± 3.93 in controls (p = 0.21). The percentage of
patients with obesity (BMI > 30) was similar between groups (30.7% in cases; 27.5% in
controls; p = 0.615) (Table 1).

3.3. Smoking

On the one hand, blond tobacco was a risk factor for developing BC (OR 2.08; 95% CI
1.30–3.32; p= 0.002). The proportion of blond tobacco smokers was statistically different
between cases and controls (52.94%, n = 81 vs. 34.64%, n = 53; p = 0.001). The differences
remained statistically significant between groups when comparing the number of cigarettes
per day (p = 0.002) and the years they have been smoking (p = 0.017). On the other hand,
black tobacco was also a risk factor for developing BC (OR 2.67; 95% CI 1.55–4.58; p < 0.0001)
(Tables 1 and 2). Significant differences were found in the proportion of black tobacco
smoking between cases and controls (44.44% (n = 68) vs. 24.84% (n = 38), p < 0.0001).
However, no significant differences were observed in the number of daily cigarettes and
the years of consumption of black tobacco in smokers of both groups.

3.4. Diet

The proportion of subjects consuming caffeinated or decaffeinated coffee, alcohol, tap
or bottled water, and animal fats did not statistically differ between cases and controls.
Controls had been consuming decaffeinated coffee for more years than cases (p = 0.007).
Among the subjects who consumed alcohol, the patients with BC had a higher daily alcohol
intake than those in the control group (p = 0.044), without any differences in the years of
consumption. Overall, no variables related to diet seemed to behave as risk factors for
developing BC (Tables 1 and 2).

3.5. Analgesics Treatments

Eighty-six subjects were taking analgesics (seven tablets weekly in 73 subjects). There
was a statistically significant difference in the consumption of analgesics between the
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cases (37.91%, n = 58) and the controls (18.30%, n = 28) (p < 0.0001) (Table 1). Analgesic
consumption was a risk factor for developing BC (OR 2.67; 95% CI 1.55–4.58) (Table 2).
None of the subjects had been prescribed pain-relieving drugs for BC.

To explore the possible interaction between tobacco, coffee consumption, and anal-
gesics, first-order interaction terms were included in a conditional logistic regression model.
The interaction between tobacco and coffee was not significant (neither for the global coffee
variable, nor for the caffeinated coffee variable); in contrast, a significant interaction be-
tween tobacco and analgesics was pointed out (p = 0.012). Therefore, conditional odds ratios
for coffee and analgesic consumption were estimated after stratifying by smoking (Table 3).
In that way, analgesics showed a statistically significant association with bladder cancer in
nonsmokers (OR 10.00; 95% CI 1.28–78.12; p = 0.028) but not in smokers (OR= 1.080; 95%
CI 0.83–3.90; p = 0.136).

Table 3. Estimated odds ratios for coffee and analgesics consumption as risk factors for bladder
cancer, stratified by smoking status.

Variable

Cases
(n = 152)

n (No/Yes)

Controls
(n = 152)

n (No/Yes)

Nonsmoker Smoker

OR (95% CI) p-Value 1 OR (95% CI) p-Value 1

Coffee consumption 17/136 24/129 1.00 (0.14–7.10) 1.000 0.43 (0.11–1.66) 0.220

Caffeinated coffee
consumption 31/122 42/111 1.50 (0.25–8.98) 0.657 0.82 (0.34–1.97) 0.655

Analgesics treatment 95/58 125/28 10.00 (1.28–78.12) 0.028 1.80 (0.83–3.90) 0.136

Odds ratios (OR) and 95% confidence intervals (95% CI) were estimated by means of conditional logistic regression.
In bold, p-values and significant OR (1 significance level < 0.05).

3.6. Occupational Exposure

When recording work history both in cases and controls, many different occupations
were listed, leading to very small numbers in most of the professions (Table 4). Due to this
high variability of working settings, the role of occupational exposure in relation to bladder
cancer was assessed by using the previously defined variable, which assigned to each
subject the estimated OR corresponding to the profession with the maximum estimated
occupational risk for BC. Therefore, the occupational level of estimated risk of BC ranged in
the study sample from 0.69 to 1.58, with percentiles 25, 50, and 75 being 1.10, 1.11, and 1.17,
respectively. There was a statistically significant association between bladder cancer (being
case or control) and the occupational level of risk for BC (OR = 6.72; 95% CI 1.06–42.7;
p = 0.043). More than 75% of the cases and controls were retired at the time of inclusion in
the study (76.47% in cases and 78.43 in controls, p = 0.682).

Table 4. Comparison between cases and controls of the different types of occupation and the
years spent.

Occupational Cases Controls p-Value 1

Homemaker n (%)
Mean years (SD)

7
49.14 (13.09)

1
60

0.032
0.467

Textile n (%)
Mean years (SD)

30
24.70 (16.79)

21
27.95 (18.14)

0.167
0.513

Mechanic n (%)
Mean years (SD)

17
26.65 (19.93)

9
20.78 (14.90)

0.102
0.447

Truck driver n (%)
Mean years (SD)

9
20.67 (13.53)

12
28.92 (14.38)

0.652
0.198

Painter n (%)
Mean years (SD)

9
26.89 (19.20)

5
20.40 (13.76)

0.275
0.520
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Table 4. Cont.

Occupational Cases Controls p-Value 1

Rubber-plastic n (%)
Mean years (SD)

3
9.67 (8.39)

1
39.00

0.623
0.094

Asbestos n (%)
Mean years (SD)

2
9.00 (9.90)

0
-

0.498
-

Printing n (%)
Mean years (SD)

5
36.00 (20.16)

3
40.00 (12.77)

0.723
0.772

Agriculture n (%)
Mean years (SD)

17
13.29 (10.60)

8
8.75 (2.05)

0.093
0.247

Laundry n (%)
Mean years (SD)

1
6.00

-
-

-
-

Building n (%)
Mean years (SD)

30
31.17 (17.88)

28
24.36 (17.87)

0.884
0.153

Welder n (%)
Mean years (SD)

2
46.00 (5.66)

2
30.00 (21.21)

1.00
0.411

Hairdressing n (%)
Mean years (SD))

1
8.00

3
35.67 (23.12)

0.315
0.409

Dyes n (%)
Mean years (SD)

2
3.50 (0.70) 0 0.498

-

Metallurgy n (%)
Mean years (SD)

17
21.82 (12.04)

24
26.67 (19.76)

0.314
0.375

Chemistry n (%)
Mean years (SD)

7
25.71 (13.99)

6
34.67 (16.70)

0.777
0.315

Mining n (%)
Mean years (SD)

1
2.00 0 1.00

Fire-fighter n (%)
Mean years (SD) 0 1

35.00
1.00

-

Electricity n (%)
Mean years (SD))

5
33.00 (17.19)

53
1.80 (14.38)

1.00
0.908

Feeding n (%)
Mean years (SD)

4
12.75 (15.15)

8
22.62 (15.24)

0.378
0.314

Sales n (%)
Mean years (SD))

20
29.35 (15.94)

22
30.14 (16.27)

0.740
0.875

Waiter n (%)
Mean years (SD)

7
19.57 (15.10)

7
16.00 (15.71)

1.00
0.672

Health area n (%)
Mean years (SD)

5
35.60 (11.54)

5
20 (11.25)

1.00
0.062

Office n (%)
Mean years (SD)

18
35.61 (14.62)

21
38.24 (13.84)

0.732
0.568

Teaching n (%)
Mean years (SD)

1
4.00

10
36.40 (5.08)

0.010
<0.0001

Others n (%)
Mean years (SD)

29
29.03 (14.40)

32
32.66 (15.67)

0.775
0.353

n = number of individuals; 1 In bold, p-value and significant OR (significance level <0.05).

3.7. Multivariable Model

Finally, factors that have shown a statistically significant association with being a case
of BC in the bivariate analysis were considered for inclusion in a multivariable condi-
tional logistic regression model (Table 5). Adjusted by tobacco consumption and intake
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of analgesics, the occupational level of exposure was an independent risk factor for the
development of BC (OR: 8.63, 95% CI 1.04–71.94, p = 0.046).

Table 5. Independent predictive factors of bladder cancer. Conditional logistic regression model.

B p-Value 1 OR
95.0% CI for OR

Lower Upper

Occupational risk 2.156 0.046 8.634 1.036 71.941

Blond tobacco 1.272 <0.0001 3.567 1.917 6.639

Dark tobacco 1.448 <0.0001 4.255 2.178 8.311

Analgesics 0.912 0.004 2.490 1.336 4.643
1 In bold, p-values and significant OR (significance level <0.05).

4. Discussion

The incidence of BC in Vallès Occidental remains one of the highest in men and one
of the lowest in women, at a European and global level, despite the decline in tobacco
consumption and industrial activity over the years [6]. Compared to data published during
the period 1992–1994, both the crude annual incidence and age-adjusted incidence have
increased in both sexes, although the increase in men is notably higher [5,13]. The high
incidence of BC in men, some 25 years later, could be related to a high prevalence in this
area of well-known risk factors such as smoking, residence in industrialized areas, and
occupational exposure to certain carcinogenic products [13,14]. The analysis of possible
environmental factors involved in this area showed that although the annual average
concentrations of possible air and water pollutants were within the regulatory limit values,
the maximum levels detected were usually higher than what was established [6]. In this
case–control study, we try to identify other risk factors specifically related to BC in our
health area.

The genetic involvement in bladder cancer is becoming increasingly well known. The
risk of BC is twice as high in first-degree relatives of patients with BC, in relation to certain
inherited genetic factors [7,15]. However, because of a lack of statistical power, the current
results did not find significant differences between cases and controls in the presence of
family history.

Smoking is also an important risk factor for BC in our area, both for dark tobacco and
blond tobacco. Interestingly, both the number of daily cigarettes consumed and the years
of smoking are significantly higher in the cases than in the controls for light tobacco, but
not for dark tobacco. Although dark tobacco had traditionally been attributed a much
higher risk than blond tobacco, the largest study to evaluate the effects of dark tobacco
versus the use of blond tobacco on BC in Spain showed that the risk was only 40% higher
for dark tobacco smokers compared to blond tobacco smokers, and this difference was
not statistically significant [16]. In addition, smoking continues to be an important risk
factor in our environment despite a significant decreased prevalence over time [6]. In
Catalonia, in 1994, the prevalence of smokers in the population over 15 years of age was
42.3% in men and 20.7% in women. In 2018, the prevalence in men decreased to 30.9,
although it remained high in the 35–44 age group (40.3%). In women, however, the 2018
prevalence of smoking was unchanged (20.5%), the highest figures being found between
25–34 years (31.6%). Previous studies showed that only 15.1% of the BC cases diagnosed
during 1993–1995 in the Vallès Occidental had never smoked [13,17].

Various dietary factors have been investigated in numerous studies as likely risk
factors for developing BC, with conflicting results. Although a higher fluid intake has been
suggested to reduce the incidence of BC by diluting carcinogenic substances and promoting
more frequent urination, thus limiting their effect on urothelial cells, studies focused on
this hypothesis have not been able to validate it [18,19]. The chlorination of water, with
the consequent level of trihalomethanes, has been considered an important carcinogenic
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risk of BC [20], and some studies have cited a higher BC risk in consumers of tap water
due to the presence of trihalomethanes [21], or even as a risk factor independently of the
chlorination [22]. Traditionally, coffee intake had been associated with a slight increase
in the incidence of BC in smokers [22]. A recent meta-analysis of 10 cohorts and some
case–control studies found no evidence of an association between BC and coffee intake [23];
nor has alcohol has been shown to be a risk factor for BC [24]. Finally, some studies have
observed a relationship between the consumption of processed meat and animal proteins,
and an increased risk of BC [25,26]. We have not found differences between cases and
controls in any risk factor related to diet (consumption of coffee, alcohol, bottled or tap
water, and animal fats). The fact that the subjects in the control group had been consuming
decaffeinated coffee for more years could suggest a doubtful protective effect against BC.

Overweight and obesity have been described as risk factors in BC [27]. BMI has
been associated with a linear rise in BC, with risk increasing by 4.2% for each increase of
5 mg/m2. However, this relationship may be biased by the fact that high BMIs are related
to bad habits, such as little physical activity and inadequate diet [28]. In our study, we
found no relationship between BC and BMI.

The association between the use of different types of analgesics and BC risk is contro-
versial. On the one hand, there was strong experimental and epidemiological evidence that
nonsteroidal anti-inflammatory drugs (NSAIDs) and cyclooxygenase 2 (COX-2) inhibitors
might have a potential as cancer chemopreventive agents [29]. For example, ibuprofen,
naproxen, indomethacin, piroxicam, and celecoxib inhibit BC development in a variety of
human and animal models [29,30]. However, other studies describe an increased risk of BC
associated with the use of phenacetin-containing analgesics, particularly with longer use.
There are doubts about the association of paracetamol with BC, even though it is a metabo-
lite of phenacetin [31,32]. Nor was regular use of any NSAID, including aspirin, associated
with a statistically significant lower BC risk [31]. In a meta-analysis that included 17 articles
on BC risk and analgesic use (8 cohort studies and 9 case–control studies), with a total of
10,618 cases of bladder cancer, there was no significant association between paracetamol
use, aspirin, or other types of NSAIDs and BC risk [33]. However, NSAID use has been
significantly associated with a 43% reduction in BC risk among nonsmokers but not among
active smokers [15]. COX-2 expression is associated with increased tumor development. In
smokers, both the expression and the activity of COX-2 are increased in urothelial tissues,
but the anticancer effects of NSAIDs against COX-2 seem to be counteracted by the carcino-
genic effect of smoking [34]. Our study did not show any protective effect of analgesics. In
addition, the use of analgesics was related to BC in nonsmokers, thus being a risk factor
independent of tobacco.

Occupational exposure to carcinogens such as aromatic amines (benzidine, 4-aminobiphenyl,
2-naphthylamine, 4-chloro-o-toluidine), polycyclic aromatic hydrocarbons, and chlorinated
hydrocarbons, is considered the second most important risk factor for BC after smok-
ing [9,11,15]. Approximately 20–25% of all BC are related to such exposure, mainly in
industrial areas where paint, dyes, rubber, textiles, leather, metals, and petroleum products
are processed, with a latency period of several decades [35]. Although in recent years the
extent and pattern of occupational exposure have drastically changed due to an improved
awareness of occupational safety measures [9], some occupations, such as those in the
chemical sector, are still considered as risk factors; rubber, textile, printing, and other
industries are probably linked to exposure to carcinogenic agents. The relationship of BC
with hair dye, or even with the hairdressing professional who handles such products, is
still controversial [9].

In our environment, our data pointed to profession as a risk factor for developing
BC, independently of tobacco and analgesics consumption. A meta-analysis of 263 publi-
cations [11] concluded that although there is evidence of a decrease in the incidence and
occupational mortality of BC, certain occupations are still associated with a high incidence
or greater risk of mortality from BC: there is an increase in the incidence of BC in 42 of
61 occupations analyzed and of BC-specific mortality in 16 of 40, although not all studies
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had explored specific mortality. The highest combined incidence risks are seen in tobacco
workers (RR 1.72, 95% CI 1.37–2.15) and dye workers (RR 13.4, 95% CI 1.5–48.2). However,
the highest RR reported in any study was for factory workers overall (RR 16.6; 95% CI,
2.1–131.3). In terms of grouped disease-specific mortality, it is higher for metal workers
(RR, 10.2; 95% CI, 6.89–15.09) and gardeners (RR, 5.5; 95% CI, 0.84–35.89) with the highest
disease-specific mortality reported in any study for chemical workers (RR, 27.1; 95% CI,
11.7–53.4) [11]. These high BC incidences and mortality persist despite improvements in
workplace safety measures, and efforts to reduce the impact of BC on workers should be
directed at the highest-risk occupations.

The textile industry constituted the economic base of the Vallès Occidental region from
the mid-19th century to the 1970s. This fact justified the performance of BC incidence and
population-based case–control studies whose objectives were to assess occupational risk
factors for BC in this area [5,13,17]. These studies demonstrated that tobacco consumption
was strongly associated with BC [13]. However, when analyzing BC risk associated with
exposure in the textile industry as part of a large case–control study carried out in five areas
of Spain (Asturias, Alicante, Barcelona, Tenerife and Vallès/Bages), working in the textile
industry was not associated with a higher BC risk. However, specific occupations within
the textile industry (for example, weavers) and specific locations (winding, warping and
gluing, and weaving room), as well as having contact with specific materials (synthetics
and cotton), showed an increased BC risk [14].

A limitation of this case–control study is the small sample size, which does not allow
us to make comparisons between men and women in terms of tobacco consumption, use of
analgesics, and professions. It would also have been interesting to have information on
the type of analgesics being consumed, to assess the differences between steroidal drugs
and NSAIDs.

5. Conclusions

We conclude that consumption of black and blond tobacco, the use of analgesics in
nonsmoking patients, and profession are independent risk factors for the development of
BC in our environment. The decline in smoking in the population, especially in men, and
the improvements in job security have not been sufficient to reduce this high incidence
of BC.
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Abstract: Muscle-invasive urothelial carcinoma represents 20% of newly diagnosed cases of bladder
cancer, and most cases show aggressive biological behavior with a poor prognosis. It is necessary to
identify biomarkers that can be used as prognostic and predictive factors in daily clinical practice.
In our study, we analyzed different antibodies in selected cases of muscle-invasive urinary bladder
carcinoma and lymph node metastasis to identify immunohistochemical types and their value as
possible prognostic factors. A total of 38 patients were included, 87% men and 13% women, with
a mean age of 67.8 years. The most frequent histopathological type was urothelial carcinoma. In
the primary lesion, the mixed type was the most common. In unilateral metastasis, the mixed type
was the most frequently found. In cases of primary lesions and bilateral metastasis, the luminal
and mixed types were observed. The luminal subtype was the most stable in immunohistochemical
expression across primary tumors and metastases. The basal type showed a better prognosis in
terms of disease-free survival. In conclusion, immunohistochemical studies are useful in assessing
primary and metastatic lesions in patients with urothelial carcinoma. Immunohistochemical classifi-
cation can typify muscle-invasive urothelial carcinoma, and the immunophenotype seems to have
prognostic implications.

Keywords: bladder; cancer; muscle invasive; metastases; lymph node; immunohistochemical;
classification; prognosis; heterogeneity

1. Introduction

Bladder cancer is the tenth most commonly diagnosed cancer worldwide, with ap-
proximately 573,000 new cases and 213,000 deaths per year [1,2]. The cancer is four times
more frequent in men than in women and is the sixth most common cancer and ninth
leading cause of cancer death among men [1,2]. Bladder cancer is a heterogeneous disease
associated with diverse clinical outcomes. Thus, tumors that histologically invade the
detrusor muscle are called muscle-invasive bladder cancers (MIBCs) and have a greater
propensity to spread to lymph nodes and other organs [3–5]. When histologic examination
shows no invasion into the detrusor muscle, then the cancer is termed nonmuscle invasive
and comprises a variety of entities, including carcinoma in situ (CIS), noninvasive papillary
tumors, and papillary tumors that invade the lamina propria [3–5].

MIBC accounts for approximately 20% of newly diagnosed cases of bladder cancer.
Despite radical cystectomy (CR) and pelvic lymph node dissection, approximately 50%
of patients will develop disease at distant sites due to disseminated micrometastases [6].

J. Clin. Med. 2022, 11, 7430. https://doi.org/10.3390/jcm11247430 https://www.mdpi.com/journal/jcm
49



J. Clin. Med. 2022, 11, 7430

Urothelial carcinoma is the main tumor type, representing approximately 90% of neo-
plasms that affect the urinary bladder [2,7]. The epithelium from which urothelial car-
cinoma originates is the urothelium, which consists of stratified epithelium throughout
the entire urinary system. Several studies have shown that the development of urothelial
carcinoma may occur through two pathways, termed papillary and nonpapillary, leading
to different but somewhat overlapping subsets of the disease with distinct molecular
profiles [7–9]. In addition, tumor heterogeneity, both intertumoral and intratumoral, has
been widely described [10,11], which makes it difficult to analyze both the primary and
metastatic lesions of urothelial carcinoma.

Little is known about the variations in protein expression between primary bladder
cancer and lymph node metastases. The aim of the present study was to compare the
immunohistochemical (IHC) findings of patients with muscle-invasive urothelial carcinoma
(MIUC) and lymph node metastases. In addition, the possibility of applying an IHC
algorithm that allows for the classification of MIUC was evaluated. Finally, the prognostic
value of the classification in patients with MIUC was investigated.

2. Materials and Methods

2.1. Patients

This retrospective and descriptive cohort study was performed in the MIUC of the uri-
nary bladder patients who had undergone radical cystectomy and bilateral ileo-obturator
lymphadenectomy. The study protocol was reviewed and approved by the Ethics Com-
mittee of the Sant Joan University Hospital in Reus (registration number CEIC11–04-
28/4PROJ3), and written informed consent was obtained from each subject in accordance
with the 1964 Helsinki Declaration and its subsequent amendments.

Thirty-eight patients with muscle invasive urothelial carcinoma who had undergone
radical cystectomy and pelvic lymph node dissection were included from the Sant Joan
University Hospital in Reus. The general criteria for patient selection were as follows:
treated from January 2014 to January 2019; biopsy with a confirmed diagnosis of MIUC; uni-
and/or bilateral lymph node metastases; absence of severe psychiatric disorders, chronic
alcoholism or drug addiction; and adequate understanding of the surgery and adherence
to follow-up standards. Patient charts were reviewed to collect data regarding sex, age at
diagnosis, clinical stage, surgery, residual disease after surgery, systemic treatment, local
recurrence, and survival.

2.2. Histopathological Study

The cystectomy specimens were opened through the urinary bladder and fixed in 10%
buffered formalin for at least 48 h. After fixation, the biopsied sections from macroscopic
lesions were embedded in paraffin, cut into 2 μm sections, and stained with hematoxylin
and eosin (H&E). All dissected lymph node material was embedded in paraffin and pre-
pared following the previous staining protocol. For each case of radical cystectomy, tumor
histology, grade (according to the 2022 World Health Organization) [12], pathological stage,
presence of carcinoma in situ (CIS), lymphovascular invasion, and margin status were
analyzed. In cases of lymph node dissection, the total number of lymph nodes, num-
ber of metastatic lymph nodes, size of large metastases, and extra-capsular lymph node
involvement were evaluated.

2.3. Immunohistochemical Study

Two-micrometer sections were obtained from both paraffin-embedded MIUC and
lymph node metastases samples and were placed in a VENTANA® Benchmark UL-TRA/LT
immunohistochemistry automatic processor, Ventana Medical Systems, USA, using the
standardized protocol for uroplakin, GATA3, cytokeratin 5, cytokeratin 14, cytokeratin 18,
cytokeratin 20, and CD44, including retrieval solution, pH 9, and a detection kit for Im-
munohistochemistry Optiview® DAB (VENTANA®). The primary anti-uroplakin, GATA3,
cytokeratin 5, cytokeratin 14, cytokeratin 18, cytokeratin 20, and CD44 antibodies (predi-
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luted) (Phoenix Pharmaceutical, Inc.) were incubated for 32 min. Finally, the IHC sections
were revealed with diaminobenzidine, contrasted with Meyer’s hematoxylin, and exam-
ined under an Olympus BX41 light microscope, with direct in-creases in magnification
ranging from 2× to 60×. The IHC images of both MIUC and lymph node metastases were
evaluated by two independent pathologists.

2.4. Semiquantitative Evaluation of Immunoreactivity

IHC interpretation was performed using combined intensity and percentage scales
defined by different groups to assess IHC profiles [8,13–15]. All tumor areas of both MIUC
and lymph node metastases were evaluated. Positive IHC staining for an antibody was
considered when cytoplasmic or nuclear staining was observed, depending on the antibody
tested. Each antibody was assigned a percentage of positivity, with the following positivity
intervals: 0% as negative, between 1 to 10%, between 11 to 50%, between 51 to 80%, and
greater than 80%. Additionally, intense cytoplasmatic IHC staining was scored as follows:
negative: no staining; 1+: weak staining; 2+: moderate staining, and 3+: intense staining.
Appropriate positive and negative controls were used for each antibody. Additionally,
the reactivity of the positive controls served to assess the intensity of the staining. The
magnification varied between 4×, 10× and 20×.

2.5. Statistical Analysis

Descriptive statistics are presented as N (%) for qualitative clinical variables, while
median, 25th percentile (P25) and 75th percentile (P75) are used for quantitative clinical
variables. Statistical analyses were carried out in R (version 4.2.0).

Hierarchical clustering was performed on the immunohistochemistry (IHC) antibody
expression in bladder tissue using the pvclust R package (version 2.2-0) with default settings,
which allowed us to assess the robustness of each cluster by bootstrapping with resampling
(nboot = 1000). The clusters with an approximate unbiased (AU) p value ≥ 95 were deemed
statistically significant (significance level < 0.05) and used in survival analysis, while
samples not robustly assigned to any cluster (unassigned) were excluded from survival
analysis. The clusters were then labeled according to CK20 and CK18 bladder tissue
expression as luminal, basal or mixed type and according to CK5 and GATA bladder tissue
expression as CK5± or GATA± subtypes. Heatmaps of IHC antibody expression were
generated with the ComplexHeatmap R package (version 2.12.0) using the dendrogram
from bootstrap hierarchical clustering (top dendrogram).

Survival analysis was performed with the survival (version 3.3-1) and survminer
R packages (version 0.4.9). Progression-free survival (PFS) is defined as the time from
cystectomy surgery until a detected progression according to the Response Evaluation
Criteria in Solid Tumors (RECIST) or date of last contact (right-censored point). Overall
survival was defined as the time from cystectomy surgery until a known death event or
date of last contact (right-censored point).

The suggested algorithm for MIBC subtype classification included a 20% expression
cutoff. Alternative cutoffs are also represented for each cluster.

3. Results

3.1. Clinical Findings

A total of 38 patients were included in the study, comprising 33 (87%) men and 5 (13%)
women, with a mean age of 67.8 years (62–75 years). The most frequent pathological stage
(pT) was T3 in 18 patients (50%), followed by T4 in 15 patients (40%) and finally stage
T2 in 4 patients (10%). Cystectomy was the only initial treatment in 30 patients (79%), in
the other 8 of the 38 included patients received a combined treatment of cystectomy and
chemotherapy (CT) (4 patients, 11%), cystectomy plus immunotherapy (IT) (2 patients,
5%), combination of cystectomy plus chemotherapy and immunotherapy (1 patient, 3%)
and surgical treatment plus radiotherapy (RT) (1 patient, 3%). A total of 18 patients
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(47%) showed progression of urothelial carcinoma, and 24 patients (63%) died of bladder
carcinoma. Table 1 summarizes the clinical findings.

Table 1. Clinical findings in patients with muscle-invasive urinary bladder carcinoma and lymph
node metastases (n = 38).

Urothelial Urothelial Combined Others All

n = 14 n = 14 n = 10 n = 38
Age

Mean 68.4 years 68.2 years 66.4 years 67.8 years
Median (P25, P75) 66.5 (63, 77) 69.5 (63, 73) 65.5 (59, 73) 67.5 (62, 75)

Sex
Men 13 (93%) 12 (86%) 8 (80%) 33 (87%)

Women 1 (7%) 2 (14%) 2 (20%) 5 (13%)
Stage
pT2 1 (7%) 2 (14%) 1 (10%) 4 (10%)
pT3 5 (36%) 7 (50%) 7 (70%) 18 (50%)
pT4 8 (57%) 5 (36%) 2 (20%) 15 (40%)

Unilateral or bilateral pelvic
lymph node metastases

Unilateral (NT1) 10 (71%) 9 (64%) 4 (40%) 23 (61%)
Bilateral (NT2) 4 (29%) 5 (36%) 6 (60%) 15 (39%)

Distant metastases
M0 9 (64%) 14 (100%) 9 (90%) 32 (84%)
M1 5 (36%) 0 1 (10%) 6 (16%)

Morphology
Pure urothelial 14 (100%) 0 0 14 (37%)

Urothelial + squamous 0 7 (50%) 0 7 (18%)
Pure squamous 0 0 5 (50%) 5 (13%)

Others 0 7 (50%) 5 (50%) 12 (32%)
Primary treatment
Only cystectomy 10 (71%) 11 (79%) 9 (90%) 30 (79%)
Cystectomy + CT 2 (14%) 1 (7%) 1 (10%) 4 (11%)
Cystectomy + IT 1 (7%) 1 (7%) 0 2 (5%)

Cystectomy + CT + IT 1 (7%) 0 0 1 (3%)
Cystectomy + RT 0 1 (7%) 0 1 (3%)

Adjuvant chemotherapy
N (%) 5 (36%) 11 (79%) 4 (40%) 20 (53%)

Progression
N (%) 5 (36%) 6 (43%) 2 (20%) 13 (34%)
Death
N (%) 9 (64%) 8 (57%) 6 (60%) 23 (61%)

Abbreviations: CT = chemotherapy; IT = immunotherapy; RT = radiotherapy; SD = standard deviation;
Q25 = quartile 25; Q75 = quartile 75.

3.2. Histopathological Findings

Urothelial carcinoma was the most frequent histological type, found in 14 tumors
(37%), followed by urothelial carcinoma with divergent squamous differentiation in
7 tumors (18%). Five tumors (13%) were pure squamous cell carcinomas, and 12 car-
cinomas (32%) showed combinations of different histological types of carcinomas, such
as solid urothelial carcinoma with micropapillary carcinoma, sarcomatoid urothelial carci-
noma, urothelial carcinoma with glycogen-rich carcinoma, and urothelial carcinoma with
plasmacytoid carcinoma (Figure 1). The histopathological study of the pelvic lymph node
dissection samples showed that between 1 and 25 lymph nodes (mean: 7.86) were evaluated
in right lymphadenectomy and between 1 and 20 lymph nodes (mean: 8.53) were evaluated
in left lymphadenectomy. In total, 23 (60.53%) patients showed unilateral lymph node
metastasis, 11 patients out of 23 showed lymph node metastasis on only the right side
(1–3 metastatic nodes, mean: 1.64), and in the remaining 12 patients, only the left side was
affected (1–3 metastatic nodes, mean: 1.92). In 15 patients (39.47%), bilateral lymph node
metastasis was observed (1–17 metastatic lymph nodes, mean: 4.24).
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Figure 1. Histopathological findings of muscle-invasive urothelial cell carcinoma. (a) Urothelial cell
carcinoma. (b) Urothelial cell carcinoma with divergent squamous differentiation. (c) Pure squamous
cell carcinoma. (d) Micropapillary carcinoma. (e) Sarcomatoid carcinoma. (f) Plasmacytoid carcinoma.
(HE, 10×).

3.3. Immunohistochemical Findings
3.3.1. Muscle-Invasive Urothelial Carcinoma

The IHC study showed that GATA3 was the most frequently expressed marker, in
94.74% of the patients, followed by cytokeratin 18 (92.11%) and cytokeratin 5 (89.47%).
Uroplakin was expressed in 26.32% of the patients. The immunoreaction intensity ranged
from 2+ to 3+, and the percentage of positive cells ranged from 1% to 90%. In general, the
expression of basal markers (CK5, CK14 and CD44) was seen in 68.51% of the patients,
while luminal markers (uroplakin, CK20, and CK18) were demonstrated in 55.27% of the
patients (Figure 2).

Figure 2. Inmunohistological findings in muscle-invasive urothelial cell carcinoma basal
markers (a–c). (a) Diffuse and strong expression of cytokeratin is shown. (b) Cytokeratin 14 showing
focal cytoplasmic positivity. (c) CD44 cytoplasmic expression in neoplastic urothelial cells. Luminal
markers (d–f). (d) Uroplaquin showing cytoplasmic positivity in neoplastic cells. (e) Neoplastic
cells with cytoplasmic cytokeratin 20 expression. (f) Diffuse and intensive cytoplasmic expression of
cytokeratin 18 is shown. (Diaminobenzidine (DAB), 10×).

To try to define specific clusters that would facilitate defining specific subtypes of
urothelial carcinoma, the bootstrap clustering algorithm (n = 1000) was applied and showed
clusters with significant differences between groups (p < 0.05). Subsequently, heatmap

53



J. Clin. Med. 2022, 11, 7430

analysis was able to identify basal and luminal groups based on the expression of luminal
markers, such as cytokeratin 20 and cytokeratin 18 or on the expression of basal markers,
such as cytokeratin 5 and 14. Cluster 5 showed ex-pression of luminal markers and basal
markers (cytokeratin 18 and cytokeratin 5) and was considered a mixed immunophenotype.
Finally, cluster 6 showed a loss of cytokeratin 20 despite expressing cytokeratin 10 (Figure 3).

Figure 3. Heatmap of antibody expression (%). Hierarchical clustering with bootstrapping identified
6 clusters, which were labeled luminal, basal or mixed according to the expression of the markers
CK20 and CK18. Luminal clusters expressed both markers, mixed clusters expressed only CK18, while
basal clusters lacked both markers. Clusters were then further subdivided and labeled according to
the expression of CK5 or GATA.

Based on the results obtained in bootstrap clustering and heatmap analysis, the fol-
lowing algorithm was proposed for the classification of MIUCs (Figure 4), with a cutoff of
20% for each antibody analyzed (Figures 4 and 5):

Figure 4. Proposed algorithm based on two markers and the representation of the bootstrap clustering
results and heatmap analysis.

By applying the algorithm based on two markers for MIUCs, it was possible to classify
11 patients (28.95%) as having a luminal immunophenotype, 10 patients (26.32%) as having
a basal immunophenotype, and 16 patients (42.11%) as having a mixed immunophenotype.
One patient (2.63%) could not be classified with a morphology that corresponded to urothelial
carcinoma with divergent squamous differentiation and a plasmacytoid carcinoma component.
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Figure 5. Antibody expression showing the 20% cutoff (dotted vertical line) for each cluster.

3.3.2. Unilateral Pelvic Lymph Node Metastasis

In general, the immunohistochemical study showed that GATA3 was the most fre-
quently expressed marker in 86.96% of metastatic pelvic lymph nodes, followed by cy-
tokeratin 5 (91.30%), and cytokeratin 18 (88.96%). Uroplakin was evidenced in 20.09%.
The immunoreaction intensity was from 2+ to 3+, and the percentage of positive cells
varied between 1% to 90. The expression of basal markers (CK5, CK14 and CD44) was evi-
denced in 62.32% of the patients, while luminal markers (uroplakin, CK20, and CK18) were
demonstrated in 54.96% of cases. Applying the algorithm of 2 markers pelvic lymph node
metastatic carcinomas could be classified in 14 patients (36.84%) as luminal immunophe-
notype, 8 patients (21.05%) as basal immunophenotype, and 16 patients (42.11%) were
classified as mixed immunophenotype.

3.3.3. Bilateral Pelvic Lymph Node Metastasis

In patients with bilateral pelvic lymph node metastases, GATA3 could be observed in
93.33% and 100% of the two regions analyzed, followed by cytokeratin 18 (100% of the two
regions) and cytokeratin 5 (86.67% of the two regions). Cytokeratin 20 was detected in 66.67%
and 80% of patients, cytokeratin 14 in 60% and 33.33%, CD44 in 33.33% and 26.67%, and
uroplakin in 26.67% and 40%. When the cases were analyzed in pairs (n = 15), the expression of
basal markers (CK5, CK14 and CD44) was observed in 60% and 48.89% of each region studied,
while the expression of luminal markers (uroplakin, CK20, and CK18) was demonstrated
in 64.45% and 73.33% of the cases according to each region analyzed. Eight lymph node
metastases (53.33%) were classified as having a luminal immunophenotype, and the remaining
seven lymph node metastases (46.67%) were classified as having a mixed immunophenotype.

3.3.4. Urothelial Carcinoma and Unilateral Pelvic Lymph Node Metastasis

Using the immunophenotype classification algorithm, it was possible to show that in
the 11 patients with a luminal immunophenotype, 10 maintained this immunophenotype
in the pelvic lymph node metastases (90.91%), and the remaining patient (9.09%) showed a
basal immunophenotype in the pelvic lymph node metastasis. Overall, the baseline primary
immunophenotype (10 patients) remained the same immunophenotype in 6 patients (60%),
while the immunophenotype became mixed in 3 patients (30%) and luminal in 1 patient
(10%). The mixed primary immunophenotype (16) was seen in the lymph node metastases
of 12 patients (75%); 3 metastatic carcinomas (18.75%) were classified as luminal; and 1
carcinoma (6.25%) was classified as basal. The patient whose primary bladder lesion could
not be classified showed a mixed immunophenotype in the pelvic lymph node metastasis.

3.3.5. Urothelial Carcinoma and Bilateral Pelvic Lymph Node Metastasis (Paired Cases)

In the 15 patients with bilateral pelvic lymph node metastasis, the immunophenotype
classification algorithm was able to show that in the 6 patients with luminal immunophe-
notype 5 and 6, the immunophenotype maintained in the pelvic lymph node metastases.
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Overall, the primary basal immunophenotype observed in the two primary lesions were
basal in one lesion and mixed in one of the metastases, and on the contralateral side, the
immunophenotype was mixed in both. The primary mixed immunophenotype (6) was
evidenced in the pelvic lymph node metastases of 4 patients (75%), and the remaining two
metastases were luminal; among the contralateral metastases, five were classified as mixed,
and the remaining 3 were classified as luminal.

Kaplan–Meier analysis for PFS was performed in the immunohistochemistry (IHC)
groups. The IHC groups suggested a significant association between group identity and
the PFS rate. Specifically, the luminal and basal clusters from the identified seven-marker
expression cluster were significantly associated with PFS rate. Kaplan-Meier analysis for
PFS was also performed to assess the simplified two-marker algorithm, which could nearly
replicate the resulting bootstrap clusters and also showed a significant association with
PFS rate (Figure 6a,b). No significant differences were observed between unilateral and
bilateral pelvic lymph node metastases (Figures 6 and 7).

(a) 

 
(b) 

Figure 6. Heatmap of antibody expression (%) for bladder and pelvic lymph node metastasis tissues
(a). Survival analysis of IHC clusters suggested a significant association between cluster identity and
progression-free survival (PFS) rate. Specifically, luminal and basal IHC clusters were significantly
associated with PFS rates (b).
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Figure 7. Survival analysis for unilateral or bilateral pelvic lymph node metastasis.

4. Discussion

Invasive urothelial carcinoma is the most common malignant neoplasm of the urinary
tract. MIUCs represent approximately 20–25% of all cancers in the urinary bladder [16],
and most of them show rapid progression and metastasis and are associated with a poor
prognosis. In the present study, we analyzed a series of patients who underwent radical
cystectomy for a diagnosis of MIUC, showing cancer progression in 47% of patients and
a cancer-specific mortality rate of 63%. In addition, all patients evaluated had lymph
node metastases, which may negatively affect the outcome [17]. Our findings support that
MIUC is an aggressive neoplasm with a poor prognosis, and it is necessary to identify new
markers that can be used as prognostic and predictive factors in this cancer.

Bladder cancer is often histologically heterogeneous within a given patient. This
is well demonstrated by the frequent coexistence of conventional urothelial carcinoma
and named histologic variants of bladder cancer, such as squamous and micropapillary
cancers [11]. In the present study, the histopathological heterogeneity in MIBC was con-
firmed, since approximately 50% of the cancers evaluated were urothelial carcinoma with a
divergent squamous differentiation and a combination of morphological variants, including
more aggressive variants, such as micropapillary carcinoma, sarcomatoid carcinoma, and
plasmacytoid carcinoma [18,19]. An interesting finding was that five patients who were
diagnosed after extensive pathologic examination of the carcinoma had pure squamous
cell carcinoma, without evidence of a urothelial carcinoma component. This finding
represents a three times higher rate of pure squamous cell carcinoma than the reported
incidence and could be related to the possible etiological factors associated with this
cancer, such as smoking, since these patients had a higher intensity of smoking [12]. The
recent classification of tumors of the genitourinary system of 2022 noted the importance
of reporting the different components of conventional urothelial carcinoma, as well as
the histological subtypes and the divergent differentiation in each tumor. The need to
quantify these elements was also indicated, given their possible implications for patient
management [19].

Tumor heterogeneity in MIUC, in addition to morphological variability, also includes
diversity from a molecular point of view [19,20]. This molecular diversity implies different
omic expressions [21], such as at the protein level. The study of protein expression has
made it possible to discover different cellular components in the urothelium, which has
facilitated the characterization of umbrella cells, superficial cells, intermediate cells and
basal cells [22]. In addition, this knowledge has made it possible to establish the dual-track
concept of bladder carcinogenesis [7]. This concept suggests that parabasal cells give rise to
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superficial papillary lesions through the papillary luminal pathway, while basal cells that
progress through the nonpapillary basal pathway give rise to invasive lesions [7]. In the
present study, we demonstrated variable expression of both luminal and basal markers in
MIUC, with a higher expression of basal markers. This finding differs from that reported
by other studies in which MIUC was analyzed by whole-transcriptome mRNA expression
profiling, and the luminal type was found to be the most frequent, followed by the basal
and double negative subtypes [23]. However, from an IHC point of view, our findings
confirm the heterogeneity of protein expression in this type of cancer and that invasive
lesions, in general, express markers related to the nonpapillary basal pathway.

In the present study, to develop a potential IHC classifier of molecular subtypes
of MIBC and lymph node metastasis that can be used in routine clinical practice, we
analyzed 7 previously described markers [7,13–15]. Our analysis showed that cytokeratin
20 and cytokeratin 18 are the two markers that enabled differentiation between the luminal
and basal subtypes. In addition, our study confirmed the usefulness of the 20% cutoff
point to interpret the positivity of the investigated markers, showing coincident results
with those published by other studies on the expression of basal and luminal markers
in urothelial carcinoma [8,15]. In addition, the classification of subtypes in MIUC in our
study showed significant differences in overall survival between the groups analyzed, with
a worse prognosis for the luminal subtype than for the basal and mixed subtypes. This
finding differs from what has been shown in other studies in which the basal subtype
was associated with a worse prognosis [24]; however, other researchers have not shown
differences in DSS or other clinical prognostic factors suggesting a better prognosis for the
basal subtype, even though the results showed trends without statistical significance [25].
A possible explanation for this difference is that we included patients with advanced
stages and lymph node metastasis, which requires therapeutic interventions. This may
imply that basal tumors respond better to these therapies. Another factor that could
affect this difference is the expression of genes related to tumor metabolism, which would
imply differences in immunotherapy response, as well as variable responses to cisplatin,
doxorubicin, and other first-line anticancer drugs [26].

Another aspect of our study consisted of studying the evolution of the expression of
IHC markers, comparing bladder tumors and lymph node metastases. The relationship
between the primary tumor and unilateral lymph node metastasis showed that the luminal
immunophenotype was the most stable, since in bladder carcinomas with this immunophe-
notype, 90% showed the same luminal type in the unilateral lymph node metastases, and
only one case showed a basal immunophenotype. On the other hand, the basal type
maintained its immunophenotype in 60% of the unilateral lymph node metastases and
changed to luminal and mixed immunophenotypes in the rest of the patients. Finally, the
mixed immunophenotype persisted in 75% of the patients, showing basal and luminal
immunophenotypes in the rest of the patients. Sjödahl et al. [27] studied MIUC and lymph
node metastases using immunohistochemistry and gene expression profiling, and they
showed that the basal/squamous-like subtype was the most discordant type. Our results
confirm that the basal and mixed immunophenotypes are the most discordant in terms of
immunohistochemistry and demonstrate the IHC plasticity of both immunophenotypes,
while the luminal type was more stable in terms of its immunophenotypic expression in
patients with unilateral lymph node metastasis. In patients with bilateral lymph node
metastases (paired cases), the immunophenotypic variations were greater in one of the two
metastatic regions evaluated. In general, the basal immunophenotype was not found in one
of the metastatic regions, while the luminal and mixed immunophenotypes persisted in
lymph node metastases. Further studies are necessary to try to understand the significance
of the immunophenotypic variations among MIUC, unilateral and/or bilateral metastases
and the prognostic and predictive role of these variations in these patients.

Our study has some limitations, such as the low number of patients included in the
study, although our sample comprises a particular group of patients with MIUC and lymph
node metastasis. Additionally, the imaging study was carried out semi-quantitatively;

58



J. Clin. Med. 2022, 11, 7430

however, this analysis represents a useful tool in daily clinical practice and can serve as a
basis for using specialized tools for quantitative image analysis.

5. Conclusions

In summary, our study demonstrated that MIUC represents a heterogeneous disease at
different stages, with fundamental clinical implications for its prognosis and serves as the
basis for possible predictive factors. The IHC study was a useful tool to assess primary and
metastatic lesions in patients with urothelial carcinoma, and by applying a classification
system based on two markers, the different subtypes of MIUC could be typified. The
classification of the different subtypes seems to have prognostic implications and could
help to stratify patients.
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Abstract: Background: Many studies explored the prognostic value of the modified Glasgow Prog-
nostic Score (mGPS) in urothelial carcinoma (UC), but the results are controversial. This study aimed
to quantify the relationship between pretreatment mGPS and survival in patients with UC. Methods:
A systematic literature search was conducted using Embase, PubMed, and Web of Science to identify
eligible studies published before August 2022. Pooled hazard ratios (HRs) with 95% confidence
intervals (CIs) were used to assess the association between pretreatment mGPS and the prognosis
of UC. Results: Thirteen eligible studies involving 12,524 patients were included. A high mGPS
was significantly associated with poor overall survival (mGPS 1/0: HR = 1.33, 95% CI 1.12–1.58,
p = 0.001; mGPS 2/0: HR = 2.02, 95% CI 1.43–2.84, p < 0.0001), progression-free survival (mGPS
1/0: HR = 1.26, 95% CI 1.03–1.53, p = 0.021; mGPS 2/0: HR = 1.76, 95% CI 1.12–2.77, p = 0.013),
recurrence-free survival (mGPS 1/0: HR = 1.36, 95% CI 1.18–1.56, p < 0.0001; mGPS 2/0: HR = 1.70,
95% CI 1.44–2.000, p < 0.0001), and cancer-specific survival (mGPS 2/0: HR = 1.81, 95% CI 1.30–2.52,
p < 0.0001). A subgroup analysis of OS also yielded similar results. Conclusions: Evidence suggests
that high pretreatment mGPS in UC is closely related to poor survival. Pre-treatment mGPS is a
powerful independent prognostic factor in patients with UC.

Keywords: modified Glasgow Prognostic Score; urothelial carcinoma; prognosis; survival;
meta-analysis

1. Introduction

Urothelial carcinoma (UC), including bladder cancer (BC) and upper urinary tract
urothelial carcinoma (UTUC), is a common tumor of the urinary system. More than 90% of
bladder cancer is histologically classified as UC [1]. UTUC is relatively rare, accounting
for only 5–10% of all UCs [2]. Due to the multifocal nature of UC throughout the entire
urinary tract (synchronously or metachronously), the 5-year survival rate is only 50% even
after radical resection of BC, and 15–50% of UTUC patients undergoing surgical treatment
experience recurrence during follow-up [3–5]. Therefore, a simple and accurate indicator is
urgently needed for the early detection and identification of progression or prognosis in
patients with UC.

The current prognostic prediction models mostly rely on clinicopathological features
obtained from retrospective analysis [6,7]. However, studies have found that the prediction
accuracy of these models is limited [8–10]. As a non-invasive method, a blood-based
biomarker analysis is more attractive for various cancers [11,12]. At the same time, much
evidence suggests that clinical factors alone are not sufficient to predict the survival rate
of patients with UC, and the systemic inflammatory response and nutritional deficiency
might play a vital role in the development and progression of cancer [13]. The modified
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Glasgow Prognostic Score (mGPS) (Table 1) is a combination of C-reactive protein (CRP)
and albumin, reflecting the inflammation and nutritional status of patients, and has an
independent prognostic value for patients with various cancers, such as liver, lung, and
colon cancer [14–16].

Table 1. The modified Glasgow Prognostic Scores.

mGPS Points Allocated

CRP ≤ 10 mg/L and albumin ≥ 35 g/L 0

CRP > 10 mg/L 1

CRP > 10 mg/L and albumin < 35 g/L 2
mGPS = modified Glasgow Prognostic Score; CRP = C-reactive protein.

Many studies have shown that the mGPS has an important predictive value in the
treatment of UC. However, due to differences in treatment methods and tumor staging,
the results are inconsistent [17]. It is necessary to evaluate the prognostic value of the
mGPS in patients with UC using a pooled analysis. Meta-analyses provide more reliable
and accurate estimates of outcomes than individual studies. The aim of this study was to
evaluate the relationship between pretreatment mGPS and the survival of patients with UC.

2. Materials and Methods

2.1. Protocol

This study followed the 2020 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline [18] and was registered in PROSPERO (CRD42022356946).

2.2. Literature Search Strategy

We searched the literature in Embase, PubMed, and the Web of Science from inception
to August 2022. The following search terms were used for literature retrieval: (upper uri-
nary tract urothelial carcinoma OR upper urinary tract carcinoma OR upper-tract urothelial
carcinoma OR UTUC), (bladder cancer OR bladder neoplasms OR bladder tumor), and
(Glasgow prognostic score OR GPS). To avoid missing literature, we searched for a list
of references to relevant reviews and meta-analyses. Differences were resolved through
discussion or by third-party ruling.

2.3. Inclusion/Exclusion Criteria

The inclusion criteria for eligible studies were as follows: (1) patients were diagnosed
with UC by histopathology; (2) research aimed at studying the relationship between mGPS
and survival results in patients with UC, such as overall survival (OS), progression-free
survival (PFS), recurrence-free survival (RFS), and/or cancer-specific survival (CSS); (3) the
hazard ratio (HR) and 95% confidence interval (95% CI) of survival results were reported;
(4) studies published in English as full-text articles; (5) mGPS scores were computed before
treatment. The exclusion criteria were as follows: (1) repetitive articles; (2) experimental
or non-human studies; (3) studies focusing on the relationship between GPS and survival
outcomes in patients with UC; (4) reviews, editorials, case reports, letters, comments,
meta-analyses, and conference abstracts; and (5) incomplete or unavailable data.

2.4. Data Extraction and Quality Assessment

Two researchers (D.T. and J.L.) independently extracted data from the eligible studies,
and any differences between the two investigators were resolved via discussions or by
a third-party decision. The following data were extracted from each study: first author,
study area, publication year, sample size, research design, tumor type, tumor stage, patient
age, survival outcome parameters, treatment strategy, and average follow-up. All survival
results were directly expressed as HR and the corresponding 95% CI. When the data in the
study were analyzed in both univariate and multivariate analyses, multivariate analysis
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data were used. The Newcastle–Ottawa Scale (NOS) was used to assess the quality of the
included studies [19]. In this meta-analysis, studies were considered to be of high quality
when the score was ≥7. The risk of bias of included studies was assessed using the Quality
In Prognosis Studies (QUIPS) tool [20].

2.5. Statistical Analysis

All statistical analyses were performed using STATA v.14 (StataCorp, College Station,
TX, USA). Pooled HRs with corresponding 95% CIs were used to assess the association
between the mGPS and survival results. Heterogeneity among studies was evaluated using
Cochran’s Q and Higgins I2 tests. I2 > 50% or p < 0.10 noted significant heterogeneity. This
meta-analysis used the random-effects model for summary analysis. A subgroup analysis
of the primary survival outcome, OS, was conducted to explore the potential sources of
heterogeneity. A sensitivity analysis was also conducted to assess the impact of individual
research data on survival outcomes. HRs and 95% CIs were used to assess the relationship
between mGPS and survival outcomes in UC. We did not evaluate publication bias because
fewer than 10 available studies were not convincing [21].

3. Results

3.1. Study Selection

A total of 311 papers were retrieved from Embase, PubMed, and Web of Science
databases. According to the PRISMA guidelines, a flow chart of the literature selection
process is shown in Figure 1. After excluding unqualified studies, 13 studies including
12,524 patients were included in this pooled analysis [17,22–33].

Figure 1. Flow diagram of literature search.

3.2. Study Characteristics

The main characteristics of the 13 included studies are presented in Table 2. All in-
cluded studies were retrospective analyses and were published from 2013 to 2022. Seven
studies were on BC [17,22–24,30,31,33], four studies were on UTUC [25–28], and two stud-
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ies were on both BC and UTUC [29,32]. Six studies were conducted in Asia (China, Japan,
and Korea) [23,25,26,28,30,32], and seven studies were conducted in Western countries (the
United States, Italy, the United Kingdom, and Austria) [17,22,24,27,29,31,33]. The treatment
methods include surgical treatment, immunotherapy, and chemotherapy. The sample size
of the study ranged from 53 to 4335, and the median age of the patients ranged from 67 to
72 years. Eight studies reported a correlation between mGPS and OS [17,23,26–31], seven
investigated the associations between mGPS and CSS [17,22,25,27,28,31,32], seven inves-
tigated the associations between mGPS and RFS [17,24,25,27,28,31,33], and five reported
an association between mGPS and PFS [24,29,30,32,33]. Except for one study that only
included evaluation data in the univariate analysis [30], most studies used multivariate
analysis for evaluation. All studies had NOS scores > 7, except for Nagai [32], indicating
that the overall quality of the included studies was high. The bias assessment is shown in
Figure 2.

Figure 2. Risk of bias using the Quality in Prognosis Studies tool [20,34]. Low risk of bias; Moderate
risk of bias [17,22–33].

3.3. mGPS and OS

Eight studies involving 8699 patients reported a correlation between mGPS and
OS [17,23,26–31]. The summary analysis showed that there was a significant associa-
tion between high pretreatment mGPS and worse survival rates (mGPS 1/0: HR = 1.33,
95% CI 1.12–1.58, p = 0.001; mGPS 2/0: HR = 2.02, 95% CI 1.43–2.84, p < 0.0001; mGPS
high/low: HR = 2.48, 95% CI 1.48–4.14, p = 0.001) (Figure 3). At the same time, a subgroup
analysis including the tumor type, treatment, ethnicity, and sample size was performed to
explore possible sources of heterogeneity. The subgroup analysis showed similar results;
high pre-treatment mGPS was significantly associated with poor OS (Table 3).
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Figure 3. Forest plots of relationship between mGPS and OS in patients with urothelial carcinoma:
(A) mGPS 1 vs. 0; (B) mGPS 2 vs. 0; (C) mGPS high vs. low [17,23,26–31].
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Table 3. Subgroup analyses of OS.

Outcome Variable No. of Studies Model HR (95% CI) p Heterogeneity

I2 (%) p

OS (1/0) All 6 Random 1.33 (1.12, 1.58) 0.001 45.4 0.103
Ethnicity Caucasian 4 Random 1.29 (1.07, 1.56) 0.008 58.0 0.068

Asian 2 Random 1.69 (1.06, 2.70) 0.029 0.0 0.657
Tumor type BC 3 Random 1.16 (1.06, 1.28) 0.002 0.0 0.368

mUC 1 - 2.42 (1.01, 5.80) 0.048 - -
UTUC 2 Random 1.47 (1.22, 1.76) 0.000 0.0 0.891

Sample size ≤1500 4 Random 1.44 (1.09, 1.90) 0.009 3.8 0.374
>1500 2 Random 1.28 (1.01, 1.61) 0.004 78.9 0.029

Treatment Surgery 5 Random 1.29 (1.10, 1.51) 0.001 41.5 0.145
Non-Surgery 1 - 2.42 (1.01, 5.80) 0.048 - -

OS (2/0) All 6 Random 2.02 (1.43, 2.84) 0.000 49.3 0.079
Ethnicity Caucasian 4 Random 1.99 (1.29, 3.06) 0.002 65.6 0.033

Asian 2 Random 2.26 (1.13, 4.54) 0.022 49.3 0.079
Tumor type BC 3 Random 1.78 (1.42, 2.23) 0.000 12.4 0.319

mUC 1 - 6.37 (2.46, 16.49) 0.000 - -
UTUC 2 Random 2.08 (1.15, 3.77) 0.015 8.4 0.296

Sample size ≤1500 4 Random 2.47 (1.15, 5.31) 0.020 69.3 0.021
>1500 2 Random 1.91 (1.59, 2.28) 0.000 0.0 0.802

Treatment Surgery 5 Random 1.85 (1.56, 2.18) 0.000 0.0 0.474
Non-Surgery 1 - 6.37 (2.46, 16.49) 0.000 - -

OS = overall survival; BC = bladder cancer; UTUC = upper urinary tract urothelial carcinoma; mUC = metastatic
urothelial cell carcinoma; HR = hazard ratio; CI = confidence interval.

3.4. mGPS and PFS

Five studies involving 2940 patients reported the relationship between mGPS and
PFS [24,29,30,32,33]. The summary analysis showed that high pretreatment mGPS in
patients with UC was an independent predictor of PFS (mGPS 1/0: HR = 1.26, 95% CI
1.03–1.53, p = 0.021; mGPS 2/0: HR = 1.76, 95% CI 1.12–2.77, p = 0.013) (Figure 4).

3.5. mGPS and RFS

Seven studies involving 11,752 patients reported an association between mGPS and
RFS [17,24,25,27,28,31,33]. The summary analysis showed that high pretreatment mGPS
in patients with UC was an independent predictor of RFS (mGPS 1/0: HR = 1.36, 95% CI
1.18–1.56, p < 0.0001; mGPS 2/0: HR = 1.70, 95% CI 1.44–2.000, p < 0.0001) (Figure 5).

3.6. mGPS and CSS

Seven studies involving 9484 patients reported the relationship between mGPS and
CSS [17,22,25,27,28,31,32]. The summary analysis showed that the association was not
statistically significant between a score of 1 and poor CSS (mGPS 1/0: HR = 1.25, 95% CI
0.93–1.68, p = 0.133) (Figure 6A), but there was a significant association between high score
and poor CSS before treatment (mGPS 2/0: HR = 1.81, 95% CI 1.30–2.52, p < 0.0001; mGPS
high/low: HR = 2.31, 95% CI 1.58–3.37, p < 0.0001) (Figure 6B,C).

3.7. Sensitivity Analysis

A sensitivity analysis was conducted to assess the reliability of the merged OS, PFS,
RFS, and CSS HRs (Figures S1–S4). The leave-one-out test showed that overall HR estimates
of these survival results did not change significantly, indicating that the meta-analysis
results were relatively stable and reliable.
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Figure 4. Forest plots of relationship between mGPS and PFS in patients with urothelial carcinoma:
(A) mGPS 1 vs. 0; (B) mGPS 2 vs. 0 [24,29,30,32,33].

Figure 5. Cont.
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Figure 5. Forest plots of relationship between mGPS and RFS in patients with urothelial carcinoma:
(A) mGPS 1 vs. 0; (B) mGPS 2 vs. 0 [17,24,25,27,28,31,33].

Figure 6. Cont.
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Figure 6. Forest plots of relationship between mGPS and CSS in patients with urothelial carcinoma:
(A) mGPS 1 vs. 0; (B) mGPS 2 vs. 0; (C) mGPS high vs. low [17,22,25,27,28,31,32].

4. Discussion

This meta-analysis summarized all eligible studies, including 12,524 patients for the
first time to evaluate the prognostic value of the mGPS in patients with UC. The results
showed that a higher mGPS was closely related to lower survival (OS, PFS, RFS, and CSS).
In view of the heterogeneity between studies, we conducted a subgroup analysis of OS
based on the tumor type, treatment, ethnicity, and sample size. Our results show that the
mGPS can be used as an independent predictor of the prognosis of UC.

The prognosis of patients with UC depends on the characteristics of the patient and the
tumor. The transurethral resection of bladder tumors and postoperative adjuvant therapy
are the main treatment methods for patients with non–muscle-invasive BC (NMIBC) [35].
In a postoperative study of Ta low-grade UC of the bladder, Mastroianni et al. found that
gender and the European Organization for Research and Treatment of Cancer (EORTC) risk
group are independent predictors of cancer recurrence, while the absence of the detrusor
muscle does not affect RFS [36]. Cicione et al. showed that the ultrasound detection of
the bladder detrusor wall’s thickness increases the risk of recurrence and progression in
patients with NMIBC [37]. Radical cystectomy is the standard treatment for localized
muscle-invasive BC [38]. Even for elderly patients over 80 years old, the frailty index
helps guide clinical decision making and, thus, improves patient prognosis [39,40]. Radical
nephroureterectomy plus bladder cuff resection is the standard treatment for patients
with high-risk non-metastatic UTUC [2]. To date, the most important histopathological
prognostic variables are tumor stage and lymph node status after radical resections [38].
However, the surgical approach or completion with intracorporeal urinary diversion does
not affect the survival of patients with UC [41,42].

Although clinical features such as tumor stage and lymph node status are the most
important factors affecting prognosis, the prognosis of patients with similar clinical mani-
festations is different, which requires more controllable indicators to predict the prognosis
of patients. Cancer-related inflammation is the seventh hallmark of cancer, and inflam-
matory cytokines produced by tumors and related host cells affect tumor characteristics,
including survival, proliferation, angiogenesis, and the metastasis of malignant cells [43].
Therefore, in addition to individual patient and tumor characteristics, clinical markers such
as the neutrophil-to-lymphocyte ratio, insulin-like growth factor-I and its binding protein,
insulin-like growth factor-I binding protein-2 and -3, the platelet-lymphocyte ratio [44–46],
molecular markers such as molecular subtypes, circulating tumor cells, and DNA damage
repair-gene defects are also used to predict the prognosis of UC [47–49].

However, studies have shown that systemic inflammatory responses and nutritional
deficiencies may play crucial roles in the development and progression of human cancer.
CRP is a marker of systemic inflammation and has been used to determine the prognosis
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and predict the clinical results of cancer patients [50]. Serum albumin is one of the most
common nutritional indicators and is often used to assess nutritional statuses, disease
severity, disease progression, and prognosis [51]. Hypoproteinemia is often associated with
nutritional deficiencies, poor working conditions, and weight loss, and it negatively im-
pacts the prognosis of cancer patients [52]. The GPS, first described by Forrest et al. [53,54],
combined serum albumin and CRP levels and could provide more comprehensive and accu-
rate prognostic information than using albumin or CRP alone, and it could simultaneously
assess the patient’s inflammation and nutritional status. Further studies by McMillan et al.
showed that the CSS of patients with simple hypoalbuminemia was significantly higher
than that of patients with elevated CRP levels. Therefore, the GPS was modified, and only
one point was assigned to an elevated CRP concentration [55]. Proctor also found that low
albumin level was unrelated to the low survival rate of some cancers (gastroesophageal,
bladder, prostate, gynecological, renal, colorectal, neck, hepatopancreaticobiliary, and head)
in a larger cohort study, indicating that the mGPS had greater consistency and a better
prognostic value than that of the GPS [56].

Ferro et al. study found that mGPS is associated with smoking habits, high tumor
grade, and concomitant carcinoma in situ in UC [17]. Qayyum et al. also showed that
high mGPS is directly related to tumor stage, grade, and progression in UC [22]. Several
meta-analyses have also discussed the prognostic role of mGPS in solid tumors. Jiang
summarized and analyzed the data of 72 studies and found that mGPS had a medium pre-
dictive ability for OS, DFS, and CSS in esophageal cancer [57]. Wu summarized 25 studies
that found that an elevated mGPS before treatment was a sign of poor prognosis in patients
with pancreatic cancer [58]. In addition, mGPS is obtained from blood samples, has low cost
and high efficiency, is easy to obtain and promote, and can be obtained before treatment.
Therefore, we searched the relevant literature and performed a meta-analysis. A summary
analysis of 13 studies determined that the higher the mGPS score, the worse the survival
results (OS, PFS, RFS, and CSS) of patients. We also confirmed that mGPS had a predictive
effect on OS, PFS, RFS, and CSS in patients with UC. These analyses indicate that a high
mGPS is closely related to low survival rate in patients with UC. Pre-treatment mGPS is a
powerful prognostic marker for patients with UC, which helps guide clinical practice and
make appropriate treatment decisions.

Although this analysis systematically analyzed the predictive value of the mGPS for
patients with UC before treatment, there are still some limitations. All included studies
were retrospective studies with increasing bias. The patients included in the study had
substantial differences in pathological staging and treatment methods, which may have led
to different survival results and increased heterogeneity among the studies. In addition, in
the included studies, there is a great difference in postoperative adjuvant therapy, which is
difficult to analyze. The reason is that the adjuvant therapy was mostly determined by the
therapist according to guideline recommendations. Moreover, postoperative management
strategies vary in different regions and centers, most of the research cycles were long, and
the adjuvant therapy guidelines were constantly revised over time. To overcome these
limitations, further multicenter prospective studies with larger sample sizes are needed.

5. Conclusions

This meta-analysis confirms the close relationship between a high mGPS and the
poor prognosis of UC. The mGPS is a simple, effective, and practical prognostic biomarker
that can provide an important reference for clinical decision making in the treatment
of UC. However, large-scale prospective studies are required before widespread clinical
applications.

71



J. Clin. Med. 2022, 11, 6261

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11216261/s1, Figure S1. Sensitivity analysis of the effect of
modified Glasgow prognostic score on overall survival in urothelial carcinoma: (A) mGPS 1 vs. 0;
(B) mGPS 2 vs. 0; (C) mGPS high vs. low. Figure S2. Sensitivity analysis of the effect of modified
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(B) mGPS 2 vs. 0. Figure S3. Sensitivity analysis of the effect of modified Glasgow prognostic
score on recurrence free survival in urothelial carcinoma: (A) mGPS 1 vs. 0; (B) mGPS 2 vs. 0.
Figure S4. Sensitivity analysis of the effect of modified Glasgow prognostic score on cancer specific
survival in urothelial carcinoma: (A) mGPS 1 vs. 0; (B) mGPS 2 vs. 0; (C) mGPS high vs. low.
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Abstract: Background: Existing data on metastatic upper tract urothelial carcinoma (mUTUC) are
limited. In this study, we investigated the prognostic value of site-specific metastases in patients
with mUTUC and its association with survival outcomes. Methods: We retrospectively collected
data from the Surveillance, Epidemiology and End Results (SEER) database between 2004 and 2016.
Kaplan–Meier analysis with a log-rank test was used for survival comparisons. Multivariate Cox
regression was employed to predict overall survival (OS) and cancer-specific survival (CSS). Results:
633 patients were selected in this study cohort. The median follow-up was 6 months (IQR 2–13)
and a total of 584 (92.3%) deaths were recorded. Within the population presenting with a single
metastatic organ site, the most common metastatic sites were distant lymph nodes, accounting for
36%, followed by lung, bone and liver metastases, accounting for 26%, 22.8% and 16.2%, respectively.
In patients with a single metastatic organ site, the Kaplan–Meier curves showed significantly worse
OS for patients with liver metastases vs. patients presenting with metastases in a distant lymph
node (p < 0.001), bone (p = 0.023) or lung (p = 0.026). When analyzing CSS, statistically significant
differences were detectable only between patients presenting with liver metastases vs. distant
lymph node metastases (p < 0.001). Multivariate analyses showed that the presence of liver (OS:
HR = 1.732, 95% CI = 1.234–2.430, p < 0.001; CSS: HR = 1.531, 95% CI = 1.062–2.207, p = 0.022) or
multiple metastatic organ sites (OS: HR = 1.425, 95% CI = 1.159–1.753, p < 0.001; CSS: HR = 1.417,
95% CI = 1.141–1.760, p = 0.002) was an independent predictor of poor survival. Additionally, survival
benefits were found in patients undergoing radical nephroureterectomy (RNU) (OS: HR = 0.675, 95%
CI = 0.514–0.886, p = 0.005; CSS: HR = 0.671, 95% CI = 0.505–0.891, p = 0.006) and chemotherapy
(CHT) (OS: HR = 0.405, 95% CI = 0.313–0.523, p < 0.001; CSS: HR = 0.435, 95% CI = 0.333–0.570,
p < 0.001). Conclusions: A distant lymph node was the most common site of single-organ metastases
for mUTUC. Patients with liver metastases and patients with multiple organ metastases exhibited
worse survival outcomes. Lastly, CHT administration and RNU were revealed to be predictors of
better survival outcomes in the mUTUC cohort.

Keywords: metastatic upper tract urothelial carcinoma; metastatic organ; surveillance; Epidemiology
and End Results; prognosis
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1. Introduction

Upper tract urothelial carcinoma (UTUC) is a rare malignancy that accounts for 5% to
10% of all urothelial cancers. The annual incidence of UTUC is typically estimated at 2 per
100,000 people in Western countries, with a peak in individuals aged from 70 to 90 years [1].

In patients with a diagnosis of UTUC, the 3-year overall survival (OS) rate is around
75% [2]. However, when considering metastatic UTUC (mUTUC) patients, the 3-year OS
rate does not exceed 10% [3].

Recently, the prognostic role of metastasis at distant organs was investigated in multi-
ple types of cancers [4–6]. To date, data on metastatic urothelium carcinoma are mainly
based on studies on urothelial bladder cancer (UBC). For example, Shou et al. reported that
the presence of liver metastasis was an independent predictor of OS when compared with
other metastatic organ sites in metastatic bladder cancer (mBCa) [7]. Moreover, Dong et al.
suggested that patients with mBCa exhibiting more than one metastatic site presented with
unfavorable survival outcomes. Based on these results, we hypothesized that organ-specific
metastases might also play a role in the prognosis of mUTUC [8].

Hence, our purpose was to retrospectively investigate the impact of organ-specific
mUTUC patients on prognostic survival outcomes.

2. Materials and Methods

2.1. Database and Patient Selection

In January 2022, we interrogated the Surveillance, Epidemiology and End Results
(SEER) database and identified patients with mUTUC from 2004 to 2016 according to the
following inclusion criteria: (1) aged ≥ 18 years; (2) UTUC with distant metastasis as the
first primary malignancy; (3) pathologically confirmed mUTUC of the renal pelvis, ureter
or ureter orifice (International Classification of Disease for Oncology (ICD-O) site codes
C65.9, C66.9 and C67.6, respectively); and (4) enrolled patients should have confirmed
information on metastases in their bone, liver, lung, brain or distant lymph node. We
excluded any metastatic pattern presented in less than 20 patients. The inclusion process is
presented in Supplementary Figure S1. SEER*Stat software (SEER*Stat 8.2.3) was used to
extract data.

2.2. Study Outcomes

Overall survival (OS) and cancer-specific survival (CSS) were the two major outcomes
of this study. OS was defined as the interval of time from the UTUC diagnosis to death for
any cause. CSS was defined as the interval from the date of UTUC diagnosis to death due
to the tumor.

2.3. Statistical Analysis

Demographic factors were reported as frequency and proportion. The Mantel–Cox
log-rank test was applied to compare the Kaplan–Meier survival curves for OS and CSS.
Univariable and multivariable Cox proportional models with hazard ratios (HRs) and 95%
confidence intervals (95% CIs) addressing both OS and CSS were performed. Two-sided
p-values < 0.05 were considered significant. Statistical analysis was carried out using the
Statistical Package for Social Sciences (SPSS) software v.26.0 (IBM Corp, Armonk, NY, USA).

3. Results

3.1. Demographic and Clinical Characteristics

The demographic characteristics of the included patients are shown in Table 1. A total
of 633 mUTUC patients were identified after applying the inclusion/exclusion criteria. The
median age at diagnosis was 72 years (IQR 63–79). mUTUC patients were more frequently
males (57.8%) and ethnically white (83.6%). According to the AJCC Sixth edition TNM
stage, 322 (50.9%) of the patients harbored a T-stage ≥ 2 and 431 (68.1%) had a positive
N-stage. Furthermore, 354 (55.9%) mUTUC patients received chemotherapy (CHT) and 247
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(39%) underwent radical nephroureterectomy (RNU). The median follow-up period was
6 months (IQR 2–13) and a total of 584 (92.3%) deaths were recorded.

Table 1. Baseline characteristics of patients with metastatic UTUC.

Characteristics No. %

Age (years)
<65 176 27.8
≥65 457 72.2
Gender
Female 267 42
Male 366 57.8
(T)NM
X 151 23.8
0–2 160 25.3
3–4 322 50.9
T(N)M
0 202 31.9
>1 431 68.1
Grade
Low 159 25.1
High 474 74.9
Race
White 529 83.6
Black 38 6.0
Other 66 10.4
Radiation
No 54 8.5
Yes 122 19.3
Unknown 457 72.2
Radical nephroureterectomy
No 386 61.0
Yes 247 39.0
Chemotherapy
No 195 30.8
Yes 354 55.9
Unknown 84 13.3
Primary site
Renal pelvis 427 67.5
Ureter 166 26.2
Ureteric orifice 40 6.3
Number of metastatic sites
Single organ site 417 65.9
Multiple organ sites 216 34.1

3.2. Metastatic Patterns

Information on the metastatic organs is summarized in Table 1. Overall, 65.9% (n = 417)
of the included population presented with a single metastatic organ site. Of those, the dis-
tribution showed that 36% (n = 147) were diagnosed with distant lymph nodes metastases,
followed by lung, bone and liver metastases accounting for 26.0% (n = 106), 21.8% (n = 89)
and 16.2% (n = 66), respectively. Moreover, 34.1% (n = 216) of patients presented with two
or more metastatic organ sites.

3.3. Impact of Metastatic Sites and Treatment Scheme on Survival Outcomes

First, the OS and CSS were analyzed according to single- vs. multiple-organ metastases.
Our results revealed that patients with a single metastatic organ site had significantly better
outcomes for both OS (p < 0.001) and CSS (p < 0.001) (Figure 1a,b).
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Figure 1. Kaplan–Meier plots depicting the OS (a) and CSS (b) according to single vs. multiple
metastatic organ(s) patients.

Second, we focused on the OS and CSS in patients with a single metastatic organ site.
Here, statistically significant differences were recorded between the Kaplan–Meier curves,
showing worse outcomes in terms of OS for patients presenting liver metastases when
compared with patients presenting distant lymph node (p < 0.001), bone (p < 0.023) and
lung (p < 0.026) metastases (Figure 1a). Additionally, a difference was recorded between
patients with lung vs. bone metastases (p = 0.026). When analyzing the CSS, a statistically
significant difference was found only between liver vs. distant lymph node metastases
(p < 0.001) (Figure 2a,b).

80



J. Clin. Med. 2022, 11, 5310

Figure 2. Kaplan–Meier plots depicting OS (a) and CSS (b) according to different metastatic organs
in patients presenting single-organ metastases. DL, distant lymph node.

Third, we analyzed survival outcomes stratified by the treatment scheme (yes-CHT vs.
no-CHT groups and yes-RNU vs. no-RNU groups) in patients harboring either single- or
multiple metastatic organ sites.

Here, statistically significant differences were recorded, showing better survival out-
comes in the yes-CHT vs. no-CHT group for both single- and multiple metastatic organ
sites (OS and CSS: each p < 0.001). Additionally, in the subset of yes-CHT patients, bet-
ter outcomes were recorded for single vs. multiple metastatic organ sites (OS: p = 0.003,
CSS p = 0.011) (Figure 3a,b).
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Figure 3. Kaplan–Meier plots depicting OS (a) and CSS (b) according to chemotherapy (CHT)
administration in patients with single- vs. multiple-organ metastases.

When focusing on RNU treatment, we observed better survival outcomes in the yes-
RNU vs. no-RNU group for single (OS: p = 0.022, CSS: p = 0.010) and multiple metastatic
organ sites (OS and CSS: each p < 0.001). Lastly, in the subset of yes-RNU patients, better
outcomes were observed in the single- vs. multiple-site groups (OS: p = 0.197, CSS p = 0.234)
(Figure 4a,b).

The parameters age, sex, T-stage, N-stage, surgery of primary site, CHT and number
of organ metastases were included in the multivariable Cox regression model (Table 2).
Our analysis showed that the subgroup of patients presenting liver metastases had lower
OS than patients with distant lymph node metastases (HR = 1.732, 95% CI: 1.234–2.430,
p < 0.001). Similar results were found for CSS (HR = 1.531, 95% CI: 1.062–2.207, p = 0.022).
Moreover, when comparing the number of metastatic organ sites (single vs. multiple), sig-
nificantly longer OS (HR = 1.425, 95% CI: 1.159–1.753, p = < 0.001) and CSS (HR = 1.417, 95%
CI: 1.141–1.760, p = 0.002) were observed in patients with single-organ metastases. Finally,
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patients undergoing RNU and CHT showed benefit in terms of OS and CSS (RNU—OS:
HR = 0.675, 95% CI: 0.514–0.886, p = 0.005; CSS: HR = 0.671, 95% CI: 0.505–0.891; p = 0.006)
(CHT—OS: HR = 0.405, 95% CI: 0.313–0.523, p < 0.001; CSS: HR = 0.435, 95% CI: 0.333–0.570,
p < 0.001).

Figure 4. Kaplan–Meier plots depicting OS (a) and CSS (b) according to radical nephroureterectomy
(RNU) treatment in patients with single- vs. multiple-organ metastases.

Table 2. Multivariate Cox regression analysis of factors that influenced OS and CSS outcomes.

Factors Median OS (Months)
HR (95% CI)

p-Value
Median CSS (Months)
HR (95% CI)

p-Value

Age (years)
<65 Reference
≥65 1.196 (0.903–1.584) 0.213 1.167 (0.871–1.564) 0.301
Gender
Female Reference
Male 0.900 (0.705–1.148) 0.394 0.946 (0.732–1.221) 0.946
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Table 2. Cont.

Factors Median OS (Months)
HR (95% CI)

p-Value
Median CSS (Months)
HR (95% CI)

p-Value

Tumor location
Renal pelvis Reference
Ureter 0.782 (0.592–1.034) 0.085 0.715 (0.530–0.965) 0.028
Ureter orifice 1.044 (0.656–1.662) 0.855 1.023 (0.630–1.662) 0.926
(T)NM
1–2 Reference
3–4 1.16 (0.869–1.553) 0.312 0.946 (0.732–1.221) 0.668
T(N)M
0 Reference
≥1 0.962 (0.733–1.262) 0.777 1.003 (0.753–1.337) 0.983
Number of organ metastasis
Single organ site Reference
Multiple organ sites 1.425 (1.159–1.753) <0.001 1.417 (1.141–1.760) 0.002
Radical nephroureterectomy
No Reference
Yes 0.675 (0.514–0.886) 0.005 0.671 (0.505–0.891) 0.006
Distant metastasis
Lymph node Reference
Liver 1.732 (1.234–2.430) 0.001 1.531 (1.062–2.207) 0.022
Bone 1.188 (0.849–1.663) 0.315 1.219 (0.863–1.721) 0.261
Lung 1.179 (0.861–1.615) 0.304 1.138 (0.817–1.585) 0.444
Chemotherapy
No Reference
Yes 0.405 (0.313–0.523) <0.001 0.435 (0.333–0.570) <0.001

4. Discussion

Previous studies demonstrated that advanced UTUC is aggressive and associated
with a poor prognosis. At the time of diagnosis, 50–60% of patients with UTUC present
locally advanced disease and up to 25% present with distant metastasis with a median OS
of approximately 9 months [9–11]. These poor survival outcomes point out the fact that
improving the treatment for this disease is still an essential issue and highlight the necessity
to identify clinical factors that might improve clinical decision-making. Thus, in this study,
we aimed at describing the pattern and frequency of metastatic sites and the prognostic
relevance of any specific metastatic site by retrospectively analyzing a large patient cohort
using the SEER database.

First, we observed important differences in metastatic sites, where we discovered
a high frequency of distant lymph node metastases in patients that presented with a
single metastatic organ site. These results are in disagreement with data reported from
other mUTUC cohorts, as Chen et al. found that the lung represented the most common
metastatic site, accounting for 42.3% of the whole cohort [12]. A possible interpretation of
this difference might be that their analysis was limited to mUTUC presenting with a renal
pelvis primary.

Second, our analysis focused on OS and CSS. Here, patients presenting with multiple
metastases had worse OS and CSS according to Kaplan–Meier curves, which was con-
firmed using Cox regression analysis (OS: HR = 1.425, CSS: HR = 1.417). This finding is
likely supported by the fact that the increase in tumor burden is usually associated with
aggressive tumors and, at the same time, limits the possibility of a radical approach that
can be used in oligometastatic patients (i.e., surgery or radiotherapy) [13]. Similar to our
work, Li et al. analyzed the prognostic factors for OS in patients with mUTUC; the results
of their multivariate analysis showed that the number of metastatic organs (1–2 vs. ≥3) out-
performed the presence of visceral metastasis [14]. Additionally, Chen et al. reported that
patients with ≤2 metastatic sites presented improved survival outcomes when compared
with ≥3 metastatic sites [12].
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Third, patients presenting with liver metastases had worse OS and CSS, as shown by
the Kaplan–Meier curves. Our observations were also confirmed after multivariate adjust-
ments for patient and tumor characteristics, where we identified a statistically significant
OS and CSS disadvantage in patients with liver metastases relative to distant lymph node
metastases (OS: HR = 1.732, CSS: HR = 1.531). Similarly, Dong et al. demonstrated that
patients with liver metastases had worse OS rather than CSS, which provides a possible
explanation [8]. Nonetheless, Shou et al. reported that mBCa patients with liver metas-
tasis (SEER database; 2010–2014) exhibited worse OS compared with three other single
metastatic organ sites [7]. A possible explanation for these results might be attributed to
liver failure and, consequently, an increased overall mortality rate.

Fourth, our analyses focused on CHT administration. CHT is currently the accepted
treatment option for advanced UTUC but the majority of data are extrapolated from UBC.
In our cohort, CHT was associated with favorable OS (HR = 0.405) and CSS (HR = 0.435).
Similar results were reported by Nazzani et al. in a non-surgically treated mUTUC popula-
tion [15]. In our study, we confirmed the prognostic benefit of CHT in patients with either
single or multiple metastatic organ sites. In contrast, Vassilakopoulou et al. demonstrated
that adjuvant postoperative CHT does not add any significant benefit with regard to OS in
high-risk UTUC patients [16]. However, in this cohort, patients with both locally advanced
M0 and M+ were included. Unfortunately, within the SEER database, the proportion of
patients that received cisplatin-based CHT vs. carboplatin-based CHT, as well as patients
that received adjuvant vs. neoadjuvant CHT, is not specified. Moreover, we were unable to
determine the rationale for determining patient exclusion from CHT regimens. However,
we registered an administration rate of 55.9%, which is in line with the rates published by
Browne et al. based on a large National Cancer Database (NCDB, 2004–2013) [17].

Sixth, we observed a statically significant association between radical nephroureterec-
tomy (RNU) and OS (HR = 0.675) and CSS (HR = 0.671) after multivariable adjustments.
Our findings are in agreement with several observational studies that addressed the role
of surgery on primary tumor sites for mUTUC, especially in patients fit enough to receive
cisplatin-based CHT [18,19].

Taken together, these data described the metastatic patterns of mUTUC and prognosis
outcomes. Our results suggested that patients that presented with liver metastases had
worse survival outcomes when compared with other metastatic sites. Moreover, patients
that presented with metastasis at multiple secondary sites showed a worse prognosis,
which was probably related to the greater burden of the disease. Nonetheless, CHT and
RNU were found to be protective variables in the multivariate regression survival analysis.

We are aware of the limitations of our work, which should be interpreted in the context
of its retrospective and population-based design. The SEER database included only five
specific metastatic organs and the information reporting the number of metastases in each
organ was not available. In addition, the SEER database does not ascertain either the type
or delivery timing of chemotherapy. However, our analysis included a big population of
mUTUC and our results can help to better understand and stratify prognoses, as well as
justify more aggressive treatment strategies in oligometastatic patients.

5. Conclusions

Our analysis showed that a distant lymph node was the most common site of single-
organ metastases for mUTUC. Patients with liver metastases and patients with multiple
metastatic organ sites exhibited worse survival outcomes. Moreover, CHT administration
and RNU were revealed to be predictors of better survival outcomes in the mUTUC
cohort. These findings can be useful to stratify prognoses of mUTUC and justify aggressive
treatment in oligometastatic patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11185310/s1, Figure S1: Flowchart of patients included.
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Abstract: Urothelial bladder cancer is a heterogeneous disease and one of the most common cancers
worldwide. Bladder cancer ranges from low-grade tumors that recur and require long-term invasive
surveillance to high-grade tumors with high mortality. After the initial contemporary treatment in
non-muscle invasive bladder cancer, recurrence and progression rates remain high. Follow-up of
these patients involves the use of cystoscopies, cytology, and imaging of the upper urinary tract in
selected patients. However, in this context, both cystoscopy and cytology have limitations. In the
follow-up of bladder cancer, the finding of urothelial cells with abnormal cytological characteristics is
common. The main objective of our study was to evaluate the usefulness of a urine DNA methylation
test in patients with urothelial bladder cancer under follow-up and a cytological finding of urothelial
cell atypia. In addition, we analyzed the relationship between the urine DNA methylation test,
urine cytology, and subsequent cystoscopy study. It was a prospective and descriptive cohort study
conducted on patients presenting with non-muscle invasive urothelial carcinoma between 1 January
2018 and 31 May 2022. A voided urine sample and a DNA methylation test was extracted from
each patient. A total of 70 patients, 58 male and 12 female, with a median age of 70.03 years were
studied. High-grade urothelial carcinoma was the main histopathological diagnosis. Of the cytologies,
41.46% were cataloged as atypical urothelial cells. The DNA methylation test was positive in 17 urine
samples, 51 were negative and 2 were invalid. We demonstrated the usefulness of a DNA methylation
test in the follow-up of patients diagnosed with urothelial carcinoma. The methylation test also helps
to diagnose urothelial cell atypia.

Keywords: methylation; DNA; urothelial; cancer; bladder; atypia; cytology

1. Introduction

Bladder cancer is the tenth most common cancer worldwide, with approximately
573,000 new cases and 213,000 deaths [1,2]. In men, the respective incidence and mortality
rates are 9.5 and 3.3 per 100,000 more common than in women [1], and it is the sixth most
common cancer and the ninth leading cause of cancer death. In Southern Europe (Greece,
Spain and Italy), Western Europe (Belgium and The Netherlands) and North America, the
incidence rates are highest for both sexes [1,2].

Bladder cancer is one of the cancers with the longest lifespans and highest costs due
to the high rate of recurrence and the need for continuous monitoring [3,4]. Currently,
both cystoscopy and urinary cytology are the most common methods of diagnosis in both
the detection and the follow-up of malignant urothelial neoplasms [5–8]. However, both
methods have advantages and disadvantages. Cystoscopy is an invasive method and
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causes significant discomfort to patients [5–8], while urinary cytology is non-invasive and
effective in diagnosing high-grade (HG) urothelial cancers but has a sensitivity between
11% and 17% to low-grade (LG) urothelial lesions, which are the most common lesions of
the bladder [5–8]. Additionally, the consistency and precision of the cytomorphological
evaluation may undergo alterations as a consequence of the treatment given for primary
or recurrent urothelial neoplasms of the urinary bladder and inflammatory states, which
makes a definitive diagnosis difficult [9–12].

Urothelial cells with abnormal cytological characteristics that do not meet the criteria
for malignancy are commonly found in the daily practice of urinary cytopathology. In
this atypia of urothelial cells, the clinical−cytological correlation is not adequate, and its
diagnostic approach remains difficult [13–15]. Various reasons have been given for this: for
example, borderline neoplastic urothelial morphological alterations, changes associated
with benign processes, such as inflammation, lithiasis, or the effect of local treatment, and
even poorly fixed samples [13–18]. Therefore, urinary biomarkers need to be found that can
be used in patients with atypical urothelial cells so that they can be studied appropriately.
The main objective of our study was to evaluate the usefulness of a urine DNA methylation
test in patients with urothelial bladder cancer under follow-up and a cytological finding of
urothelial cell atypia. In addition, we analyzed the relationship between the urine DNA
methylation test, urine cytology, and subsequent cystoscopy study.

2. Materials and Methods

2.1. Study Design and Patient Cohort

This is a prospective and descriptive cohort study conducted on patients with non-
muscle invasive urothelial carcinoma under oncological and urological follow-up at the
Urology and Medical Oncology Service of the South Catalonia Oncology Institute (Hospital
Universitari de Sant Joan, Reus, Spain), between 1 January 2018 and 31 March 2022. Patients
with painless hematuria and Paris system category III, IV, and V, with no histopathological
diagnosis were also included (Figure 1). We studied urine samples that 70 patients had
submitted to the molecular pathology unit of our pathology department. The patients’
clinical data were extracted from medical records and the study was approved by the
Institutional Review Board (IISPV). Two urine samples were obtained from each patient
simultaneously, one of which was processed for cytological study and the other for DNA
methylation study. At the time of evaluating the results of both the cytology study and the
methylation test, none of the investigators responsible for the analyses were aware of the
results of the tests.

 

Figure 1. Distribution and workflow for patients included in the present study (N = 70). UC:
Urothelial carcinoma.

2.2. Urine Cytology Study

Urine samples were routinely processed with liquid-based cytology using the Thin
Prep 5000 TM method (Hologic Co., Marlborough, MA, USA). All the sample material was
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fixed with the hemolytic and preservative solution CytolytTM and spun at 3000 rpm for
5 min. The sediment was then transferred to 20 mL of PreservCyt solution, kept for 15 min
at room temperature, and processed with a T5000 automated processor in accordance with
the manufacturer’s recommendations. One slide was obtained for each sample and fixed
in 95% ethanol. The slide was stained with Papanicolaou. All samples were evaluated
according to the Paris System to report urine cytology. The diagnostic categories were:
category I: insufficient material for diagnosis; category II: negative for high-grade urothelial
carcinoma; category III: atypical urothelial cells; category IV: suspicious for high-grade
urothelial carcinoma; and category V: high-grade urothelial carcinoma.

2.3. DNA Methylation Study (Bladder EpiCheck® Test)

The Bladder EpiCheck® is an in vitro diagnostic test for the detection of DNA methyla-
tion patterns in urine that are associated with bladder cancer. A cell pellet was created from
every urine sample for the Bladder EpiCheck® test (Nucleix, Rehovot, Israel). The urine
sample was centrifuged twice at 1000× g for 10 min at room temperature. DNA was ex-
tracted from the cell pellet using the Bladder EpiCheck® DNA extraction kit. The extracted
DNA was digested using a methylation sensitive restriction enzyme, which cleaves DNA
at its recognition sequence if it is unmethylated. The quantitative real-time polymerase
chain reaction (qRT-PCR) amplification was performed using Rotor-Gene Q. The samples
were prepared for the PCR assay using the Bladder EpiCheck® test kit, and the results were
analyzed using the Bladder EpiCheck® software. For samples that pass the internal control
validation, the software calculates an EpiScore (between 0 and 100) which represents the
overall methylation level of the sample on the panel of biomarkers. The test cut-off is an
EpiScore of 60. An EpiScore ≥ 60 indicates a high probability of bladder cancer (positive),
and a score < 60 indicates a high probability of no bladder cancer or that the cancer is still
in remission (negative). An invalid result indicates the test should be repeated.

2.4. Statistical Analysis

Statistical analyses were carried out in “R” (version 4.2.0) using “stats” library (version
4.2.0). Graphs were elaborated in “R” using “ggpubr” and “ggplot2” packages (version 0.4.0
and 3.3.6). Bladder cancer was diagnosed by a pathologist and set as the reference standard
against which both urine cytology and bladder epicheck were compared to assess the
sensitivity, specificity, positive predictive value and negative predictive. Cytology results
were considered negative for categories I and II, atypical for category III and positive for
categories IV and V.

3. Results

3.1. Clinical Findings

Our analysis included 58 male and 12 female patients with a median age of 70.02 years
(range 49–91 years). In the group under follow-up for urothelial bladder cancer (59 patients),
there were 52 males (88.14%) and seven females (11.86%) with a mean age of 71.34 years
(range 50–91 years). The previous histopathological diagnosis was carcinoma in situ in
six patients (10.17%), high-grade urothelial carcinoma in 37 patients (62.71%), and low-
grade urothelial carcinoma in 16 (27.12%) cases. The follow-up time was one year or less
in 14 patients (23.73%), between two and five years in 26 patients (44.07%), between six
and ten years in 14 patients (23.73%), and more than ten years in five patients (8.47%).
Recurrence was observed in 29 patients (49.15%). Thirty-eight (64.40%) patients received
intravesical therapy with BCG (see Table 1).
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Table 1. Clinical characteristics of patients under investigation for DNA methylation test (N = 70).

Histopathological
Diagnosis

LGUC HGUC CIS No Cancer

Patients (N) 16 37 6 11

Age (years)
(minimum-maximum) 58–82 50–91 53–65 49–76

Gender
Male 15 31 6 6

Female 1 6 0 5

Cytological diagnosis (PSC)
I 5 1 0 0
II 5 11 1 1
III 3 14 4 8
IV 3 10 1 2
V 0 1 0 0

DNA methylation test
Positive 3 12 2 0

Negative 12 24 4 11
Invalid 1 1 0 0

Primary tumor (Bladder)
Yes 16 34 6 0
No 0 3 0 11

Cystoscopy
Positive 3 11 2 0

Negative 11 22 2 5
Unrealized 2 4 2 6

Follow-up time (years)
<1 1 9 4 10
2–5 10 15 1 1
6–10 4 9 1 0
>10 1 4 0 0

Recurrence
Yes 11 16 2 11
No 5 21 4 0

Treatment
BCG 4 28 6 0

Mitomycin 1 0 0 0
Chemotherapy 0 2 0 0

Surgery 1 4 0 0
No 10 3 0 11

PSC: Paris System Category.

3.2. Cytologic Findings

A total of 82 urinary cytologies from 70 patients were analyzed. Of these, six (7.32%)
were category I; 25 (30.49%) were category II; 34 (41.46%) were category III; 16 (19.51%) were
category IV; and one (1.22%) was category V. The urothelial carcinoma follow-up group
contained 71 of these 82 urinary cytologies. In this group, the main diagnostic category was
III (21 cytologies), followed by category II (17 cytologies) and category IV (14 cytologies)
(Figure 2). In the group with painless hematuria (11), the main diagnostic category was
III (8 cytologies), followed by category IV (2 cytologies) and category II (1 cytology) (see
Table 1).
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Figure 2. Cytological findings in cases under follow-up for urothelial carcinoma. (a) Characteristic
finding of atypia urothelial cell. Hyperchromatic nuclei and nuclei/cytoplasm loss. (b) Isolated group
with evidence of cytologic atypia. Some cytoplasm has a vacuolated aspect with hyperchromatic
nuclei. (c) Two isolated urothelial cells with marked cytologic atypia suspicious for carcinoma.
(d) Single urothelial cell with marked loss of nucleus−cytoplasm ratio, nuclear hyperchromatism,
and presence of nucleolus. (Papanicolau staining. DA 20× and 40×).

3.3. DNA Methylation Test (Bladder EpiCheck® Test) Findings

In the follow-up urothelial carcinoma group, a total of 71 DNA methylation tests
were performed. Two urine tests were invalid for the DNA methylation test. Of the
remaining samples, 18 (25.35%) were positive and 51 (71.83%) were negative for the DNA
methylation test. In the group with painless hematuria, all samples were negative for the
DNA methylation test (see Table 1).

3.4. Relationship between Urinary Cytological Findings and the DNA Methylation Test (Bladder
EpiCheck® Test)

For the patients in the urothelial carcinoma group in diagnosis category I (6), the DNA
methylation test was negative in five cases and invalid in one. For diagnostic category II
(17), the DNA methylation test was negative in 15 cases and positive in two. For diagnostic
category III (21), consisting of atypical urothelial cells (AUC), the test was negative in
16 cases and positive in five. In cytological categories IV and V (15), the DNA methylation
test was negative in one case, positive in 13 cases and invalid in one. In the painless
hematuria group, the DNA methylation test was negative for all the urinary cytologies
diagnosed as category II (1), III (8), and IV (2).

The overall sensitivity rates for the DNA methylation test and cytology were 91.67%
and 90%, respectively, while the overall specificity rates were 91.89% and 88.89%, respec-
tively. The overall PPV was 81.82% for cytology and 78.57% for the DNA methylation test;
the overall NPV was 94.12% for cytology and 97.14% for the DNA methylation test (Table 2,
Figure 3).
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Table 2. Overall sensitivity, specificity, positive predictive value, and negative predictive value of
bladder EpiCheck® and cytology in follow-up non-muscle invasive bladder carcinoma.

Non-Muscle Invasive Carcinoma

Bladder EpiCheck® Cytology

Sensitivity 91.67% 90%
Specificity 91.89% 88.89%

PPV 78.57% 81.82%
NPV 97.14% 94.12%

Figure 3. Overall concordance between EpiCheck and bladder diagnosis.

The high-grade urothelial carcinoma sensitivity rates for the DNA methylation test
and cytology were 85.71% and 90.91%, respectively, while the specificity rates were 92.31%
and 83.33%, respectively. The PPV was 62.50% for the cytology and 70.57% for the DNA
methylation test; the NPV was 96.77% for the cytology and 96.77% for the DNA methylation
test (Table 3).

Table 3. Sensitivity, specificity, positive predictive value, and negative predictive value of bladder
EpiCheck® and cytology in high-grade urothelial carcinoma.

Non-Muscle Invasive Carcinoma

Bladder EpiCheck® Cytology

Sensitivity 85.71% 90.91%
Specificity 92.31% 83.33%

PPV 70.59% 62.50%
NPV 96.77% 96.77%

4. Discussion

Bladder cancer is mainly diagnosed in the third decade of life [19] and, at the time
of diagnosis, patients are in a treatable stage with a long life expectancy but require long
periods of surveillance, follow-up, and treatment of recurrences and complications [20,21].
In the urothelial carcinoma group in our study, there was a predominance of males (88.24%),
with a mean age of 77.9 years, and more than 80% of the patients had a follow-up time of
between one and ten years. [1–4,20,21]. This high recurrence rate of 47.45% evidenced in
our study is similar to that described in other publications, in which the recurrence rate can
reach 52% at five years, implying a significant prevalence of non-muscle invasive bladder
carcinoma (NMIBC). All these data demonstrate a significant burden for the patient and
physician, and a high economic impact related to patient care [20,21].
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The category of NMIBC includes different types of lesions, such as non-invasive
neoplasms, which are those that invade the subepithelial connective tissue and carcinoma
in situ. These tumors are frequently treated with different therapeutic options depending on
variables such as the histopathological grade and the stage within the clinical context [21].
However, the treatment has the capacity to produce various morphological and cytological
alterations that increase the diagnostic difficulty in the follow-up of these patients. For
example, it has been described that treatment with immunomodulators such as BCG
produces reactive urothelial atypia, in addition to urothelial denudation, granulomatous
inflammation, eosinophilic cystitis, and persistence of carcinoma in situ in von Brunn
nests [9,10]. In our study, the presence of urothelial atypia was found in 35.59%. In actuality,
the rate of notification of urothelial cell atypia ranges between 2 and 31% [22–25]. This
greater number of urine cytologies with urothelial atypia in our study could be explained
by the changes induced by the treatment administered in our patients.

Currently there are different new urinary biomarkers based on genetic or epigenetic
abnormalities that are common in bladder cancer, such as aberrant DNA methylation and
non-coding RNA [26–33]. Several of these tests have demonstrated their usefulness in
the follow-up of NMIVT patients with very high negative predictive values (NPV) for
recurrences of NMIBC (high-grade), which raises the possibility of adapting them to the
follow-up of patients [26–31]. In our study, we evaluated the capacity of the DNA methyla-
tion test in patients with a cytological diagnosis of urothelial atypia and a cystoscopy study.
Thus, the methylation test showed that most of the urothelial atypia cases were negative for
the methylation test as well as for the cystoscopy study, which represents a diagnostic aid in
this diagnostic category and could be used safely in these patients. In addition, molecular
markers can help improve the interpretation capacity of other diagnostic tests, such as
urine cytology, through positive feedback. However, additional studies are needed to
demonstrate the usefulness of the DNA methylation test in the setting of cytological atypia.

Our analysis of the results of urinary cytology samples and the DNA methylation
test showed a reasonable relationship between the negative results of the two methods.
In general, the NPV was 96.77% for both the cytology and DNA methylation test in high-
grade lesions, but when we analyzed all the lesions, the methylation test showed an value
of the NPV, arising to 97.14% and cytology arising to 94.12%. These findings confirm
the NPV of the DNA methylation test [34,35]. In addition, molecular markers can help
improve the interpretation capacity of other diagnostic tests, such as urine cytology, through
positive feedback.

Our study has certain limitations including the small sample size and only six pa-
tients having more than one sample evaluated by both cytology and DNA methylation
testing; most of our sample had the typical limitation of single visit studies. The inclu-
sion of low-grade urothelial carcinomas can modify the usefulness of the methylation
test. However, during the molecular evolution of urothelial carcinoma, 20% of low-grade
carcinomas can evolve to high-grade, which is why the test may be useful in monitoring
them. Currently, the meaning of the variation in bladder EpiScore values and whether it can
provide information on the risk of developing urothelial cancer or response to treatment is
unknown.

5. Conclusions

In conclusion, we demonstrate the usefulness of a DNA methylation test in the follow-
up of patients diagnosed with urothelial carcinoma and in patients with painless hematuria.
The methylation test also helps in the diagnosis of urothelial cell atypia, which involves
savings in subsequent clinical studies. New prospective research is needed to define
whether the quantitative value of the DNA methylation test can be used as a prognostic
factor to predict response to treatment.
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Abstract: International guidelines recommend repeat transurethral resection of bladder tumors
(reTURB) for selected patients with high-risk non-muscle invasive bladder cancer to remove possible
residual tumors, restage tumors and improve the therapeutic outcome. However, most evidence
supporting the benefits of reTURB is from conventional TURB. The role of reTURB in patients
receiving initial En bloc resection of bladder tumor (ERBT) is still unknown. PubMed, Embase,
Web of Science, The Cochrane Library, and China National Knowledge Infrastructure (CNKI) were
systematically searched. Finally, this systematic review and meta-analysis included twelve articles,
including 539 patients. The rates of residual tumor and tumor upstaging detected by reTURB after
ERBT were 5.9% (95%CI, 2.0–11.1%) and 0.0% (95%CI, 0.0–0.5%), respectively. Recurrence-free survival,
tumor recurrence and progression were comparable between patients with and without reTURB after
initial ERBT. The pooled hazard ratios of 1-year, 2-year, 3-year and 5-year recurrence-free survival were
0.74 (95%CI, 0.36–1.51; p = 0.40), 0.76 (95%CI, 0.45–1.26; p = 0.28), 0.83 (95%CI, 0.53–1.32; p = 0.43) and
0.83 (95%CI, 0.56–1.23; p = 0.36), respectively. The pooled relative risks of recurrence and progression
were 0.87 (95%CI, 0.64–1.20; p = 0.40) and 1.11 (95%CI, 0.54–2.32; p = 0.77), respectively. Current evidence
demonstrates that reTURB after ERBT for bladder cancer can detect relatively low rates of residual tumor
and tumor upstaging and appears not to improve either recurrence or progression.

Keywords: bladder cancer; repeat transurethral resection; re-resection; restage; en bloc resection;
systematic review

1. Introduction

Bladder cancer is among the world’s top ten most common cancer types, with approx-
imately 550,000 new cases annually [1,2]. Non-muscle-invasive bladder cancer (NMIBC),
which includes Ta, T1, and carcinoma in situ, represents approximately 75% of all blad-
der cancers at initial diagnosis [3]. Transurethral resection of the bladder (TURB) is the
standard procedure for bladder cancer diagnosis and represents, at the same time, the
most important therapeutic moment for patients with NMIBC [3]. Although conventional
TURB (cTURB) is widely used and has piled tremendous expertise over decades, multiple
drawbacks are still associated with it. Such issues are, for example, tumor cell scattering
through fragmentation, the risk of tumor cell seeding and reimplantation, a rather high
rate of missing detrusor muscle (DM) and downstaging, thermal damage of sensitive areas
within the specimens, and incomplete resections [4].

To overcome these drawbacks of cTURB, En bloc resection of bladder tumor (ERBT)
and second or repeat TURB (reTURB) have been introduced to clinical practice [4]. ERBT
applies a novel technique to cTURB, resecting the entire tumor, the surrounding mucosa,
the underlying stroma, and superficial muscularis propria in a single specimen [5]. Recently,
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there has been increasing evidence to support the clinical benefit of ERBT. Compared to
cTURB, ERBT has a higher DM presence rate, seems safer, and yields superior histopatho-
logic information and performance [6,7]. ERBT is most feasible for patients with bladder
tumor size of ≤3 cm. For bladder tumor size of >3 cm, the specimen may not be retrieved
in one piece. However, the resection procedure itself is still technically possible, and the
potential benefits can still be preserved [8].

An early reTURB is recommended to be performed for selected patients by all the
most followed international guidelines in the urological community (Table 1) [3,9–15]. Com-
pared with initial TURB, reTURB can remove the residual tumors, detect understaging
BC, improve the responsive rate of intravesical Bacillus Calmette-Guerin (BCG) instilla-
tion, and instruct further treatments [16–19]. A recent study corroborated the important
role of routine reTURB, followed by an adequate maintenance course of BCG in organ-
sparing NMIBC patients [20]. Interestingly, reTURB was found to be associated with longer
recurrence-free survival (RFS) in patients receiving TICE strain maintenance therapy than
those using Connaught and RIVM [20,21]. However, it should be underlined that reTURB,
which must be done on a patient who may still be suffering from the consequences of the
last surgery, is an invasive and morbid technique that significantly lowers the patient quality
of life. In addition, it increases the economic burden of bladder cancer care [22]. Moreover,
there is no complete agreement in international guidelines as to which patients should be
recommended for reTURB surgery, and these recommendations do not consider the impact of
the surgical approach (Table 1) [3,9–14]. That is why we must further clarify which patients
benefit most from reTURB. Currently, most evidence supporting the benefits of reTURB is
based on patients receiving previous cTURB [17]. Whether reTURB can improve the outcomes
of patients receiving initial ERBT and whether reTURB can be safely avoided by ERBT patients
is still unclear. Therefore, we set out to perform this systematic review and meta-analysis.

Table 1. ReTURB recommendations across international guideline panels.

Guidelines Body Version Recommendation on Suitable reTURB Candidates
Recommendation

Strength

ReTURB Period
after the

Initial Resection

European Association
of Urology 2022

1. Incomplete initial TURB, or in case of doubt about the
completeness of a TURB;
2. If there is no detrusor muscle in the specimen after initial
resection, except for Ta LG/G1 tumors and primary CIS;
3. T1 tumors.

Strong 2–6 weeks

National
Comprehensive

Cancer
Network (NCCN)

Version
2.2022

1. Visually incomplete resection or high-volume tumor
2. TaHG, particularly if large, and/or no muscle in
the specimen
3. T1 tumors

2A * 2–6 weeks

European Society for
Medical

Oncology (ESMO)
2021

1. The initial TURB was incomplete.
2. If no detrusor muscle exists in the specimen on the initial
resection, except for Ta LG and CIS.
3. In all pT1 tumors and all HG tumors, except for patients
with primary CIS

Strong 4–6 weeks

Canadian
Urological Association 2021

1. Incomplete initial TURB
2. TaHG tumors (e.g., large and/or multiple tumors)
3. T1 tumors

1. Strong
2. Weak
3. Strong

within 6 weeks

American Urological
Association & Society

of
Urological Oncology

2020
1. Incomplete initial TURB
2. TaHG tumors
3. T1 tumors

1. Strong
2. Moderate
3. Strong

within 6 weeks

Chinese Urological
Association 2019

1. Incomplete initial TURB
2. No muscle in specimen except for Ta LG/Gl and
primary CIS
3. T1 tumors.

Moderate 2–6 weeks
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Table 1. Cont.

Guidelines Body Version Recommendation on Suitable reTURB Candidates
Recommendation

Strength

ReTURB Period
after the

Initial Resection

SIU &
International

Consultation on
Bladder Cancer

(ICUD) 2017

2017

1. Incomplete initial resection
2. TaHG tumors, particularly for patients with large or
multifocal tumors
3. T1 disease

1. B **
2. C **
3. B **

within 6 weeks

National Institute for
Clinical

Excellence (NICE)
2015 1. All high-risk non-muscle invasive bladder cancer 1. Low within 6 weeks

The bold text represents the differences from EAU guidelines. TURB: transurethral resection of bladder tu-
mor; CIS carcinoma in situ; LG: low grade; HG: high grade; * NCCN Categories of Evidence and Consensus;
** recommendation grades of Oxford Centre for Evidence-based Medicine.

2. Materials and Methods

2.1. Literature Search and Study Selection

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement was followed by our study [23]. The protocol of this study has been regis-
tered in Open Science Framework Registry (Registration DOI:10.17605/OSF.IO/9FWVM).
PubMed, Embase, Web of Science, The Cochrane Library, and China National Knowledge
Infrastructure (CNKI) were systematically searched to identify relevant studies. The search
was first performed on 30 April 2022 and updated on 12 July 2022. The initial search
process was designed to find all relevant published original articles without limitation
by year or language. Detailed search terms were: (repeat* [Title/Abstract] OR second
[Title/Abstract] OR re-resect* [Title/Abstract] OR re-transurethral [Title/Abstract] OR
restag* [Title/Abstract] OR reTUR* [Title/Abstract] OR re-look [Title/Abstract]) AND
(“en bloc” [Title/Abstract] OR “en-bloc” [Title/Abstract] OR “enbloc” [Title/Abstract] OR
“ERBT” [Title/Abstract] OR enucleate* [Title/Abstract] OR “one piece” [Title/Abstract])
AND (“bladder cancer” [Title/Abstract] OR “bladder tumor” [Title/Abstract] OR “bladder
carcinoma” [Title/Abstract] OR “Urothelial carcinoma” [Title/Abstract]). Initial screening
was performed independently by two investigators (Dr. Henglong Hu and Dr. Jiaqiao
Zhang) based on the titles and abstracts to identify eligible reports. Potentially relevant
reports were subjected to a full-text review. Disagreements were resolved by consensus
with the co-investigators.

2.2. Inclusion and Exclusion Criteria

We focused on the reTURB outcomes after ERBT, such as residual tumors, upstage,
short-term or long-term recurrence and progression. All kinds of study designs, such as
randomized control trials (RCTs), cohort studies and single-arm studies, would be included
as long as they reported at least one of the interesting outcomes. However, studies lacking
original or necessary data, reviews, letters, conference abstracts, editorial materials, replies
from authors, case reports, and patent records were excluded. Studies were excluded if the
number of participants was less than five, as they were deemed methodologically inappro-
priate. In cases of duplicate publications or duplicate data, the study of higher quality or the
most recent publication was selected. Disagreements were resolved through discussions.

2.3. Data Extraction and Study Quality Assessment

Two investigators extracted the following data from each eligible study indepen-
dently: first author’s name, publication journal and year, countries, study design, study
period, sample size, participants’ characteristics (age, gender), tumor characteristics, en
bloc method, reTURB criteria, intravesical therapy, perioperative complications, recur-
rence and progression status, recurrence-free survival (RFS), progression-free survival
(PFS), overall survival (OS) and cancer-specific survival (CSS). Disagreements between the
two authors will be resolved by rechecking the articles and discussion. The methodological
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quality of cohort studies was evaluated using the Newcastle-Ottawa Scale (NOS) for non-
randomized controlled trials [24]. The NOS comprises three domains, including participant
selection (points range: 0–4), comparability between groups (points range: 0–2), and clinical
outcomes (points range: 0–3). NOS scores ≥ 6 indicate high methodological quality. For
single-arm studies and studies in which we only retrieved one arm data, a five-criterion
quality appraisal checklist proposed by the European Association of Urology Guidelines
Office was used [25]. The five aspects included: 1. Was there an a priori protocol? 2. Was the
total population included or were study participants selected consecutively? 3. Was outcome
data complete for all participants, and was any missing data adequately explained/unlikely
to be related to the outcome? 4. Were all prespecified outcomes of interest and expected
outcomes reported? 5. Were primary benefit and harm outcomes appropriately measured? If
the answer to all five questions is “yes,” the study is at a “low” risk of bias. If the answer to
any question is “no”, the study is at a “high” risk of bias [25]. Possible publication bias was
assessed using funnel plots, Egger test, and Begg’s test.

2.4. Data Processing and Statistical Analysis

Dichotomous variables were reported by counts and percentages, while continuous
variables were reported as mean± standard difference or median ± interquartile range
(IQR: 25th and 75th) or range. The impact of reTURB on survival and disease control
was measured by the effect size of the hazard ratio (HR), RFS, PFS, OS, and CSS. They
were extracted directly from each study if reported by the authors. Otherwise, these data
were estimated indirectly using the method described by Tierney et al. [26]. Each study’s
Kaplan–Meier plots were downloaded and digitized using the GetData Graph Digitizer
(version 2.26; http://getdata-graph-digitizer.com/index.php; accessed on 1 July 2022),
and survival probabilities at different follow-up times were extracted. Then, the number
of subjects at risk, adjusted for censoring at different follow-up times, was calculated to
reconstruct the HR estimate.

The statistical analysis and meta-analysis were performed using STATA version
17.0 software (StataCorp, College Station, TX, USA). A p-value less than 0.05 was considered
statistically significant. Heterogeneity among studies was evaluated by the chi-square test,
I2 statistics, and Galbraith plots. Moreover, the pooled estimates were calculated with the
fixed-effect model if no significant heterogeneity was detected; otherwise, the random-effect
model was used. The z-test determined the pooled effects. As mentioned above, funnel
plots were generated to assess any bias, and both the Egger and Begg’s tests were done to
examine any statistical significance of publication bias. If there is a significant publication
bias or pooled studies of less than five, a sensitivity analysis was performed using the trim
and fill method to test the robustness of the results.

3. Results

3.1. Literature Search and Study Selection

Figure 1 shows the process of literature search and study selection. Electronic searches of
five databases revealed 214 records. After screening titles and abstracts, we found 25 articles
relevant to the study aim, and therefore we retrieved the full-text articles. After full-text
analysis, another 13 studies were excluded for the following reasons: nine lacked necessary
data, two reported duplicated data, and only two studies only reported one patient. Finally,
12 studies fulfilled our eligibility criteria and were enrolled in this review [27–38].
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Figure 1. Flowchart of the studies selection process. CNKI: China national knowledge infrastructure.

3.2. Systematic Reviews of Included Studies

Table 2 summarizes the characteristics of the 12 eligible studies published from 2011 to 2022.
Five of the studies were conducted in China [31,32,34,36,37], three in Italy [28–30] and one each
in Egypt [33], Germany [27], Japan [38], and Poland [35]. All these studies were conducted
in the last 12 years. Most patients included were high-risk patients with high-grade and/or
tumors. Some studies had limited the tumor size to less than 3 cm or 4 cm. Some early
studies only included single tumor patients to facilitate the en bloc resection, and recent
studies had no limits or limited the neoplasm number to no more than 3 or 4. The re-
resection time was relatively consistent, most of them were performed within 6 weeks after
the initial resection. There are three cohort studies that directly compared patients who
received reTURB after ERBT with those who only underwent ERBT [32,36,38]. All these
studies were published in the last two years which indicates that this topic has recently
gained the attention of researchers and is gradually becoming popular. There are six single
arm studies that reported the outcome of reTURB after ERBT. Although the objectives of
two cohort studies and one RCT were to compare ERBT with cTURB, the data of the ERBT
arm of the three studies were also retrieved and analyzed.
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3.3. Residual Tumors and Upstage at reTURB after ERBT

All 12 studies reported the status of residual tumor after ERBT. The residual tumor rate
varied from 0% to 29.3%. As shown in Figure 2A, pooling the data from 539 patients demonstrated
that the residual tumor rate detected by reTURB after ERBT was 5.9% (95%CI, 2.0–11.1%). Only
one study reported the residual tumor location [38]. Among 50 patients, six had residual tumors
at the original site, while two were at the non-original site. Ten studies revealed the upstaging
rate at reTURB after ERBT ranged from 0% to 3.57%. Surprisingly, as shown in Figure 2B, the
meta-analysis demonstrated that the upstaging rate at reTURB is 0.0% (95%CI, 0.0–0.5%).

3.4. Recurrence and Progression

Table 2 provides the recurrence, progression, RFS, and PFS data. The recurrence rate ranges
from 14.1% to 36.0% in the reTURB group and 27.2% to 32.1% in the patients who did not receive
reTURB. RFS was comparable between patients with and without reTURB after initial ERBT.
The pooled HRs of 1-year, 2-year, 3-year and 5-year RFS were 0.74 (95%CI, 0.36–1.51; p = 0.40),
0.76 (95%CI, 0.45–1.26; p = 0.28), 0.83 (95%CI, 0.53–1.32; p = 0.43) and 0.83 (95%CI, 0.56–1.23;
p = 0.36), respectively (Figure 3). The pooled relative risk (RR) of recurrence was 0.87 (95%CI,
0.64–1.20; p = 0.40) (Figure 4A). The progression rate ranged from 0.0% to 14.0% in the reTURB
group and 1.5% to 10.7% in the control group. Meta-analysis reveals that RR of progression was
1.11 (95%CI, 0.54–2.32; p = 0.77) (Figure 4B). No study reported the outcomes of OS and CSS.

3.5. Risk of Bias Assessment, Heterogeneity, and Sensitivity Analysis

The NOS scores of three cohort studies have been shown in Table S1, and the quality
of these three studies was considered high. All the other studies except for the RCT article
have been assessed by the five-criterion quality appraisal checklist and consider to be at
high risk of bias (Table S2). Heterogeneity among comparative studies was evaluated by
the chi-square test, I2 statistics, and Galbraith plots (Figure 5). No significant heterogeneity
was detected. Although no significant publication bias was found in the funnel plot
(Figure 6), Egger test, and Begg’s test (Table S3). We also performed a sensitivity analysis.
The sensitivity analysis using the trim and fill method generated similar results, which
indicated these pooling results were stable and reliable (Table S3). Figure S1 shows the
funnel plots of sensitivity analysis.
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Figure 2. Forest plots of the rates of residual tumor (A) and tumor upstaging (B) detected by reTURB
after initial ERBT [27–38]. ES: effect size. The dash lines represent the pooled effect size.
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Figure 3. Forests plots of comparisons of 1-year RFS (A), 2-year RFS (B), 3-year RFS (C), and 5-year
RFS (D) between the reTURB group and control group [32,36,38]. The gray lines represent the
reference lines and the red lines show the pooled effect sizes. RFS: recurrence-free survival; HR:
hazard ratio; reTURB: repeat transurethral resection of bladder tumors; CI: confidence interval.
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Figure 4. Forests plots of comparisons of recurrence (A) and progression (B) risk between the reTURB
group and control group [32,36,38]. The gray lines represent the reference lines and the red lines
show the pooled effect sizes. CI: confidence interval. RR: relative risk; reTURB: repeat transurethral
resection of bladder tumors.
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Figure 5. Galbraith plots of comparisons 1-year RFS (A), 2-year RFS (B), 3-year RFS (C), 5-year RFS (D),
recurrence (E) and progression (F) between reTURB group and control group. CI: confidence interval.
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Figure 6. Funnel plots of comparisons 1-year RFS (A), 2-year RFS (B), 3-year RFS (C), 5-year RFS (D),
recurrence (E) and progression (F) between reTURB group and control group. CI: confidence interval.

4. Discussion

The cTURB represents the most important endoscopic treatment of bladder tumors.
However, cTURB’s oncological outcomes have been doubted, given the high residual
disease and recurrence rates [4]. For instance, residual tumor at re-resection has been
shown in 17–67% of Ta and 20–71% of T1 diseases [39]. Apart from the high incidence
of residual and recurrent tumors, cTURB is limited by the risk of understaging due to
the absence of DM layer in the specimen, as the presence of DM is a surrogate marker
of resection quality which strongly determines prognosis [4,40,41]. An early reTURB is
recommended for selected patients to remove any residual disease, restage the tumor and
improve the therapeutic outcome. However, most of the previous evidence is based on
initial cTURB. Recently, ERBT has emerged as an alternative to cTURB [42]. In contrast
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to ‘piecemeal’ resection by cTURB, ERBT incorporates a more delicate en bloc sculpting
and tumor excision [43]. ERBT appears safe, feasible, and effective with demonstrably
higher rates of DM in the pathologic specimen and provides better staging [6]. Given the
excellent quality of the initial resection provided by ERBT and evidence supporting the
completeness of tumor resection and reduced residual disease, ERBT might result in less
need for reTURB. Therefore, we performed this systematic review to analyze the impact of
reTURB on patients who underwent initial ERBT.

A comprehensive review and meta-analysis demonstrate that the residual tumor rate
detected by reTURB after ERBT is 5.9% (95%CI, 2.0–11.1%), and the upstaging rate is 0.0%
(95%CI, 0.0–0.5%). Residual tumor at reTURB after cTURB has been described in up to
75% of Ta and T1 patients [39]. Even more profound is the rate of upstaging from Ta to
T1 or T1 to T2 at reTURB, which has been observed in up to 28% of initial T1 and 9.5% of
initial TaHG tumors, respectively [39]. A recent meta-analysis finds that the residual and
upstaging rates of T1 BC in reTURB were around 50% and 10%, respectively [44]. All of
these are much higher than that of patients who underwent ERBT. If we still do not take
the surgical method into account and choose the real “high risk” patients, more patients
will take an “unnecessary” reTURB at the risk of perioperative complications and raising
the already high cost [45].

In addition, our study shows that RFS was comparable between patients with and
without reTURB after initial ERBT. The pooled RRs of recurrence and progression were
0.87 (95%CI, 0.64–1.20; p = 0.40) and 1.11 (95%CI, 0.54–2.32; p = 0.77), respectively. The
two groups have comparable 1-year, 2-year, 3-year, and 5-year RFS. ReTURB seems not
to benefit patients who underwent initial ERBT in reducing recurrence and progression.
However, a recent meta-analysis demonstrated that short-term RFS (1-year and 3-year)
of the reTURB group was better compared with the TURB group. The pooled RR were
1.10 (95%CI: 1.01 × 101.19) and 1.15 (95%CI: 1.03–1.28), respectively [44]. While reTURB did
not improve long-term RFS (5-year, 10-year, 15-year) in T1 patients. The pooled RR were
1.12 (95%CI: 0.97–1.30), 1.11 (95%CI: 0.82–1.50) and 1.37 (95%CI: 0.50–3.74), respectively [44].
Nearly all of the included patients had undergone initial cTURB and all the patients with T1
tumors. We cannot do a T1 tumor subgroup analysis as lacking relevant data. But one study
included in our review find that the 2-year RFS and 3-year PFS were comparable between
patients with T1 tumors who underwent reTURB and those who did not (55.1% vs. 59.9%,
p = 0.6, 80.6% vs. 82.6%, p = 0.6, respectively) [38]. No patient was upstaged to pT2
on reTURB. A reTURB after ERBT for pT1 bladder cancer appears not to improve either
recurrence or progression [38].

This study has several limitations. First, the number of included studies and recruited
patients in some studies was relatively small. We performed the sensitivity analysis to
improve this aspect partially, and the stable results from the sensitivity analysis strengthen
our conclusion. There is still no RCT directly investigating the impact of reTURB on the
patients receiving ERBT. More studies are urgently needed to clarify this clinical problem
further. Second, the baseline characteristics of patients in different studies are not the
same, which may influence the prognosis. For example, patients in different studies have
different tumor characteristics and follow-up periods. But few studies provided detailed
outcomes for subgroup patients, such as patients with Ta or T1 tumors. We were not able
to conduct more subgroup analyses to adjust the effect. Although all of these may increase
the heterogeneity and confound the results, we find no significant heterogeneity in the
statistical test. Third, single-arm studies have an inherent risk of bias. We used the random
model to minimize the effect. Because of these limitations, the results of this study should
be interpreted with caution.

5. Conclusions

Current evidence demonstrates that reTURB after ERBT for bladder cancer can detect
relatively low rates of residual tumor and tumor upstaging and appears not to improve
either recurrence or progression. Although the results should be interpreted with caution,
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our study would assist clinical decisions making when patients who had undergone initial
ERBT are informed about the exact effect of reTURB. Further studies are still needed to
confirm and clarify the role of reTURB after ERBT.
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Abstract: Radical nephroureterectomy (RNU) with bladder cuff excision is a standard of care in
patients with high-risk upper tract urothelial carcinoma (UTUC). Although several recommendations
and guidelines on the delayed treatment of urologic cancers exist, the evidence on UTUC is scarce
and ambiguous. The present systematic review aimed to summarize the available evidence on the
survival outcomes after deferred RNU in patients with UTUC. A systematic literature search of the
three electronic databases (PubMed, Embase, and Cochrane Library) was conducted until 30 April
2022. Studies were found eligible if they reported the oncological outcomes of patients treated with
deferred RNU compared to the control group, including those patients treated with RNU without
delay. Primary endpoints were cancer-specific survival (CSS), overall survival (OS), and recurrence-
free survival (RFS). In total, we identified seven eligible studies enrolling 5639 patients. Significant
heterogeneity in the definition of “deferred RNU” was found across the included studies. Three out of
five studies reporting CSS showed that deferring RNU was associated with worse CSS. Furthermore,
three out of four studies reporting OS found a negative impact of delay in RNU on OS. One out
of three studies reporting RFS found a negative influence of delayed RNU on RFS. While most
studies reported a 3 month interval as a significant threshold for RNU delay, some subgroup analyses
showed that a safe delay for RNU was less than 1 month in patients with ureteral tumors (UT) or
less than 2 months in patients with hydronephrosis. In conclusion, long surgical waiting time for
RNU (especially more than 3 months after UTUC diagnosis) could be considered as an important risk
factor having a negative impact on oncological outcomes in patients with UTUC; however, the results
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of the particular studies are still inconsistent. The safe delay for RNU might be shorter in specific
subsets of high-risk patients, such as those with UT and/or hydronephrosis at the time of diagnosis.
High-quality additional studies are required to establish evidence for valid recommendations.

Keywords: upper tract urothelial carcinoma; radical nephroureterectomy; delay; deferred; oncological
outcomes

1. Introduction

Upper tract urothelial carcinoma (UTUC) is a rare neoplasm accounting for 5–10% of
all urothelial cancers [1]. Radical nephroureterectomy (RNU) with bladder cuff excision
is considered to be the treatment of choice in patients with high-risk UTUC, regardless of
the primary tumor location [2]. Currently, kidney-sparing surgeries (KSS) are preferred
in selected low-risk cases, as they can reduce morbidity without compromising survival
endpoints [2].

The issues of surgical prioritization and establishment of recommendations regarding
acceptable delays in urological procedures have been of paramount importance for the
past months, due to the critical period of the COVID-19 pandemic. Although several
valuable recommendations providing an overview of the risks from delayed treatment for
urologic cancers exist [3,4], the evidence on UTUC remains scarce and ambiguous.

Apart from limitations of the health care systems and lowered capacity of large-
volume centers due to the COVID-19 pandemic [5], multiple other elements can delay
RNU. The main patient-related factor influencing the time of RNU is the presence of
serious comorbidities that require alignment before surgery, as the vast majority of patients
diagnosed with UTUC are elderly [6]. Moreover, some patients can be hesitant to undergo
the surgery due to psychological factors. On the other hand, specific disease-related factors,
such as administration of neoadjuvant chemotherapy (NAC) or performance of additional
diagnostic procedures (e.g., ureteroscopy (URS)), can affect the time of RNU.

The present systematic review aimed to summarize the available evidence on the
survival outcomes after deferred RNU in patients with UTUC.

2. Materials and Methods

This systematic review was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) guidelines and methods outlined in
the Cochrane Handbook for Systematic Reviews of Interventions [7,8]. The study protocol
was registered a priori on the International Prospective Register of Systematic Reviews
(PROSPERO) with the registration number CRD42022303744.

2.1. Search Strategy

A systematic literature search of the three electronic databases (PubMed, Embase, and
Cochrane Library) was performed using the following search string: (“upper tract urothelial
carcinoma” OR “upper tract urothelial cancer” OR “upper tract urothelial neoplasm”
OR “upper urinary tract carcinoma” OR “upper urinary tract cancer” OR “UTUC” OR
“UUTC”) AND (“nephroureterectomy” OR “RNU” OR “surgery” OR “surgical treatment”
OR “operation”) AND (“delay” OR “defer” OR “deferred” OR “waiting” OR “time” OR
“timing” OR “interval”). The last search was conducted on 30 April 2022. Only articles
written in English (without time limitations) were considered. A cross-referenced search
was additionally performed from articles selected for full-text review. Moreover, additional
articles were screened from ahead-of-print articles published in various urological journals.

2.2. Inclusion and Exclusion Criteria

Studies were assessed for eligibility using the PICO (population, intervention, com-
parison, outcome) approach. The inclusion criteria were as follows:
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• (P)opulation: Patients with UTUC who underwent RNU.
• (I)ntervention: Patients who underwent deferred RNU. Only studies reporting a

specific cut-off defining the delay in RNU were included.
• (C)omparison: Patients who underwent RNU without delay.
• (O)utcome: The primary outcomes were cancer-specific survival (CSS) and overall

survival (OS). The secondary outcome was recurrence-free survival (RFS).

The general exclusion criteria were as follows: (1) noncomparative studies—reviews,
letters, editorial comments, meeting abstracts, replies from authors, case reports; (2) studies
not reporting any outcome of interest.

2.3. Data Extraction

Data from eligible studies were independently extracted by two research authors
(Ł.N. and J.L.). A standardized data extraction form was created and used to collect:
study-related data (first author, publication year, journal, geographical region, study type,
study duration, number of patients, reported definition of RNU delay, median time to
RNU, follow up period), clinicopathological data (gender, proportion of patients with
hydronephrosis, tumor location, RNU approach, pathological tumor stage, pathological
tumor grade, proportion of patients with pathologically confirmed lymph node invasion
(LNI), proportion of patients with concomitant carcinoma in situ (CIS), proportion of
patients with positive lymphovascular invasion (LVI), and proportion of patients who
received adjuvant chemotherapy (AC)), and survival data (including 5-year CSS, OS, and
RFS rates, as well as their corresponding unadjusted or adjusted hazard ratios (HRs) with
95% confidence intervals (CIs)).

2.4. Quality Assessment and Risk of Bias

The “risk of bias” (RoB) for the selected studies was independently assessed by
two review authors (Ł.N. and W.K.) according to the principles outlined in the Cochrane
Handbook for Systematic Reviews and Interventions [8]. The articles were assessed in terms
of allocation, sequence generation and concealment, blinding of participants, personnel
and outcome assessors, completeness of outcome data, selective outcome reporting, and
other sources of bias. The selected studies were also reviewed based on the adjustment
for the effect of the following confounders: pathological tumor stage, pathological tumor
grade, concomitant CIS, LVI, LNI, and tumor location. The risk of confounding bias was
considered to be high if the confounder was not controlled for in multivariate analysis.

3. Results

3.1. Literature Search Results

The PRISMA flow chart summarizing the process of study selection was presented
in Figure 1. The initial literature search identified 1258 potentially relevant references.
Using literature manager software—Endnote 20 (Clarivate)—346 duplicate records were
removed. After screening the titles and abstracts of identified papers, 487 and 20 articles
were excluded, due to inappropriate type (e.g., review, case series, meeting abstract) and
non-English language, respectively. Among the remaining 405 original studies, 389 were
not relevant to the present systematic review, leaving 16 potentially eligible papers. Of
the 16 full-text articles assessed for eligibility, 9 were excluded based on the predefined
selection criteria.
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Figure 1. A PRISMA flowchart describing the study selection process. RNU = radical nephroureterectomy.

3.2. Features of Included Studies

Finally, we included seven full-text studies (Table 1) [9–15]. Overall, the included studies
enrolled 5639 patients. All articles were retrospective series, of which: three were single-center
series [10,12,15], three were multi-center series [9,11,13], and one was population-based registry
(data from the National Cancer Database, NCDB) [14]. One study provided data from a
worldwide dataset [13], while the remaining papers included data from Asian (n = 3) [9,10,15],
North American (n = 2) [12,14], and European (n = 1) [11] populations.

The clinical and pathological characteristics of cohorts were provided in Table 2. Most
of the patients were male (54.8%) [10–15]. The proportion of non-muscle-invasive (<pT2)
and muscle-invasive tumors (≥pT2) was roughly equal in four articles [11–14], while
another three studies reported a higher proportion of muscle-invasive tumors [9,10,15].
Predominance of grade 3 (G3) or high-grade (HG) tumors was observed in all included
studies. LNI and LVI rates ranged from 4.1% to 12.5% and 12% to 30.8%, respectively. The
proportion of patients receiving AC ranged from 10 to 31.2%. All studies except one [12]
excluded patients who received NAC before RNU.
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Several publications provided additional analyses of specific subset of patients ex-
tracted from the main cohorts. Lee J.K. et al. stratified patients by primary tumor location
(separate analyses for renal pelvic tumors (RPT) and ureteral tumors (UT)) [10]. Zhao et al.
conducted additional analyses for patients stratified by the presence of hydronephrosis at
the time of diagnosis [15]. Sundi et al. provided separate outcome analysis for patients
who did not receive NAC [12]. Waldert et al. and Xia et al. separately analyzed a muscle-
invasive cohort (patients with ≥pT2 tumors) or a “higher-risk” cohort (patients with ≥pT2
and/or ≥G3 tumors), respectively [13,14].

Only two studies reported the reasons for RNU delay. In Sundi et al.’s study, 50% of
delayed RNU were caused by an administration of NAC, while an additional 17% were
delayed because of the initial endoscopic management [12]. Performance of URS before
RNU was the main cause of delay in the study by Nison et al. [11].

3.3. Risk of Bias (RoB) and Quality Assessment of Included Studies

The evaluation of RoB and confounding assessment for included studies is shown in
Figure 2. Due to the retrospective design, all selected articles carried a high RoB. The issue
of confounding was addressed by most studies, as statistical adjustment was performed in
five out of seven articles through multivariate analyses [9,10,12,14,15]. Of them, all were
adjusted for pathological tumor stage and grade. However, other confounders were not
uniformly taken into account.

Figure 2. The risk of bias and confounding assessment for included studies [9–15].
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3.4. Definition of Deferred Radical Nephroureterectomy

Surgical wait time was predominantly defined as the interval between initial imaging
diagnosis and radical surgery of UTUC. Significant heterogeneity in the definition of
“deferred RNU” was found across the included studies. Three reports (Lee H.Y. et al.,
Sundi et al., Waldert et al.) used a cut-off of 90 days (3 months) [9,12,13], while a single
study (Lee J.N. et al.) used a cut-off of 30.5 days (1 month) [10]. Nison et al. used the
following delay intervals: ≤30 days (<1 month), 31–60 days (1–2 months), 61–90 days
(2–3 months), >90 days (>3 months) [11]. Zhao et al. presented groups categorized by
the following time intervals: ≤30 days (<1 month), 31–90 days (1–3 months), >90 days
(>3 months) [15]. Xia et al. divided patients into those who underwent RNU: 1–7 days,
8–30 days, 31–60 days (1–2 months), 61–90 days (2–3 month), 91–120 days (3–4 months),
and 121–180 days (4–6 months) after UTUC diagnosis [14].

3.5. Results of Systematic Review (Qualitative Synthesis)
3.5.1. Cancer-Specific Survival (CSS)

Data regarding CSS were reported in five out of seven studies (Table 3) [9,10,12,13,15].
Of them, three found a significant impact of the delay in RNU on CSS in the overall cohort
or a subset of patients [10,13,15].

Lee J.N. et al. observed no significant difference in CSS between patients who un-
derwent RNU ≤ 30 days or >30 days after UTUC diagnosis [10]. However, subgroup
analysis of patients with UT revealed that CSS was significantly improved in patients
who had RNU within 30 days (5-year CSS: 87.9% vs. 54.5%, p < 0.001). Multivariable Cox
regression analysis confirmed that a surgical wait time of more than 1 month was one of
the independent prognostic factors of worse CSS in a subset of patients with UT (HR = 6.26,
95% CI: 1.90–20.62, p = 0.003). However, no association was found in a subset of patients
with RPT [10]. Using univariable Cox regression analysis, Nison et al. found no significant
differences in CSS for any reported time interval, even in a subset of patients with confirmed
muscle-invasive UTUC [11]. Sundi et al. demonstrated no significant differences between
the “early” (≤90 days) and “delayed” (>90 days) RNU groups with respect to 5-year CSS
rates in the overall cohort (71.6% vs. 70.6%, p > 0.05), as well as in a subset of patients who
did not receive NAC (71.6% vs. 81.5%, p > 0.05) [12]. Waldert et al. showed no significant
difference in CSS between patients who had RNU at ≤ 90 days or > 90 days after UTUC
diagnosis (5-year CSS: 72% vs. 63%, p = 0.153) [13]. In univariate Cox regression analysis,
the time from diagnosis to RNU (as a continuous variable) was associated with worse
CSS in a subset of patients with muscle-invasive disease (HR = 1.005, 95% CI: 1.001–1.010,
p = 0.003); this was not true for the whole cohort (p = 0.658) [13]. Zhao et al. noted no
significant difference in CSS for patients undergoing RNU at 31–90 days compared with
≤30 days; however, those with a delay > 90 days had a significantly worse CSS (65.8%
vs. 70.9% vs. 39.6%, p = 0.032) [15]. In multivariate Cox regression analysis, performed
for a subset of patients with hydronephrosis at the time of UTUC diagnosis, surgical wait
time > 60 days was one of the independent risk factors for worse CSS (HR = 1.74, 95% CI:
1.07–2.82, p = 0.026) [15].

The initially planned meta-analysis for CSS was not possible because of the paucity
and heterogeneity of available data.
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3.5.2. Overall Survival (OS)

Data regarding OS were reported in four out of seven studies (Table 3) [9,12,14,15].
Three of them found a significant impact of delay in RNU on OS in the overall cohort or a
subset of patients [9,14,15].

Lee H.Y. et al. showed that an “early” (≤90 days) RNU group had a better 5-year
OS rate, compared to a “delayed” (>90 days) RNU group (72.9% vs. 63.5%, p = 0.015) [9].
In addition, on multivariate Cox regression analysis, RNU after 90 days was associated
with a significantly worse OS (HR = 1.55, 95% CI: 1.03–2.33, p = 0.035) [9]. Conversely,
Sundi et al. found no significant difference in OS between patients undergoing RNU at
≤90 days and >90 days from UTUC diagnosis [12]. Xia et al. demonstrated that patients
with RNU delay time of 31–60 days, 61–90 days, and 91–120 days had similar OS compared
with patients who had a delay in RNU of 8—30 days in both the overall cohort and “higher-
risk” cohort (≥pT2 and/or ≥G3 tumors) [14]. However, patients with RNU deferred
for 121–180 days had worse OS in both overall (HR = 1.61, 95% CI: 1.19–2.19, p = 0.002)
and “higher-risk” (≥pT2 and/or ≥G3 tumors; HR = 1.56, 95% CI: 1.11–2.20, p = 0.01)
cohorts, respectively [14]. Zhao et al. showed no significant difference in OS for patients
undergoing RNU at 31–90 days, compared with ≤30 days. However, those with a delay
>90 days had worse OS (56.4% vs. 59.3% vs. 35.1%, p = 0.045) [15]. On multivariate
Cox regression analysis of patients with hydronephrosis at the time of diagnosis, surgical
wait time > 60 days was one of the independent risk factors for worse OS (HR = 2.05, 95%
CI: 1.20–3.50, p = 0.009) [15].

A forest plot comparing OS between “long” and “short” surgical waiting time groups
is provided in Supplementary Figure S1.

3.5.3. Recurrence-Free Survival (RFS)

Data regarding RFS were reported in three out of seven studies [10,11,13]. Of them,
one found a significant impact of the delay in RNU on RFS in the overall cohort or a subset
of patients [10].

Five-year RFS rates reported by Lee J.N. et al. were comparable between patients
who underwent RNU ≤ 30 days or >30 days after UTUC diagnosis (77.6% vs. 73.9%,
p = 0.534) [10]. In a subset of patients with RPT, delay in RNU > 30 days was associated
with improved 5-year RFS rate (66.3% vs. 91.6%, p = 0.028). However, it was not confirmed
in the univariable Cox regression analysis (p = 0.537). In a subgroup analysis including
patients with UT, the delay in RNU > 30 days was associated with significantly worse
5-year RFS (85.6% vs. 60.7%, p = 0.007) and was one of the independent prognostic factors
for worse RFS in multivariable Cox regression analysis (HR = 4.120, 95% CI: 1.38–12.30,
p = 0.011) [10]. Nison et al. found no significant difference in RFS for any reported time
interval (delay < 1 month as a reference, delay > 3 months: HR = 0.96, 95% CI: 0.70–1.29,
p = 0.78) [11]. Furthermore, in another study from Waldert et al., patients who underwent
RNU > 90 days after UTUC diagnosis had similar 5-year RFS compared to those who
underwent RNU ≤ 90 days (68% vs. 51%, p = 0.066) [13].

The initially planned meta-analysis for RFS was not possible because of the paucity
and heterogeneity of available data.

4. Discussion

In the present systematic review, we conducted a qualitative synthesis of current data
regarding the impact of delaying RNU on long-term oncological outcomes in patients with
UTUC. According to the current evidence, long surgical waiting time for RNU (especially
beyond 3 months after UTUC diagnosis) could be considered as an important risk factor
having a negative impact on survival parameters. Notably, the “safe window” for RNU
seems to be shorter specifically for high-risk patients such as those diagnosed with UT
or hydronephrosis.

Diagnosis of UTUC and proper preoperative determination of the disease stage and
grade can often be challenging. As it is a crucial step in terms of planning the treatment
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(conservative management vs. RNU), diagnostic URS with biopsy is a valuable tool in
case of inconclusive computed tomography urography (CTU) findings. Even though URS
may clearly increase the time between diagnosis and treatment, it is rarely associated
with a long delay (e.g., more than 3 months). In a single study included in the present
systematic review, patients who underwent URS and delayed RNU had similar CSS and RFS
compared to the patients who underwent RNU without previous URS [11]. Nonetheless,
the results of a recent meta-analysis including 16 retrospective series confirmed that URS
with biopsy followed by RNU could be associated with significantly worse intravesical
RFS (but not with CSS, OS, and metastasis-free-survival), compared to RNU alone [16].
These findings could be explained by increased risk of tumor seeding during endoscopic
biopsy or the manipulation of the ureteroscope. Therefore, URS (particularly with biopsy)
seems reasonable only in uncertain diagnostic cases, when no NAC is planned and the
disease cannot be classified as high-risk based on other clinical factors, such as tumor size,
multifocality (based on CTU results) or high-grade cytology results.

Currently, KSS (e.g., endoscopic ablation, segmental ureteral resection) is the preferred
approach in low-risk UTUC. Gadzinski et al. showed that the delay in RNU related to
previous KSS did not affect survival outcomes in patients with UTUC [17]. No specific
cut-off for delay interval was reported and the study included a relatively small sample
size (n = 73). Authors reported comparable 5-year OS (64% vs. 59%) and 5-year CSS
(91% vs. 80%) between patients in the delayed RNU group (with previous conservative
treatment) and immediate RNU group (without previous conservative treatment). However,
a significant pathologic progression was observed in 43% of the cases in the delayed surgical
group, when compared to the initial endoscopic pathology. In another multi-institutional
retrospective study, Gurbuz et al. confirmed that endoscopic ablation prior to RNU was
not associated with decreased CSS and disease-free survival (DFS) [18]. This evidence
suggests that delayed RNU preceded by KSS could be a feasible option after endoscopic
management failure; however, proper patient selection for initial KSS seems to be the key
to guaranteeing satisfactory oncological outcomes [17,18].

Ureteral location is considered as an important negative prognostic factor in patients
with UTUC. Recent meta-analysis including 10,537 patients with RPT and 6299 patients
with UT demonstrated that ureteral location of UTUC is associated with decreased CSS, OS,
and DFS [19]. More aggressive behavior of UT, potentially related to tumor’s surrounding
environment (e.g., thin periureteral layer of muscular and fatty tissue, compared to renal
parenchyma), raises the question about the safe delay interval in radical treatment. Based
on the results of Lee et al.’s study, a surgical wait time of more than 1 month after UTUC
diagnosis might be associated with significantly worse prognosis in patients with UT [10].
In addition, a shorter “safe window” for radical treatment was noted by Zhao et al. for
patients with UTUC presenting hydronephrosis at the time of diagnosis [15]. In this
cohort, the CSS and OS of the patients with surgical wait time of more than 60 days were
significantly lower than those of patients with surgical wait time of less than 60 days.
To support their results, the authors hypothesized that increased pressure of the renal
pelvis and ureter due to hydronephrosis may lead to easier peripheral invasion or ischemic
changes in surrounding tissues, inducing the expression of hypoxia-inducible factors
involved in tumor growth [15]. Moreover, a variety of independent factors can influence
oncological outcomes, regardless of surgical waiting time. Pathological stage, grade, LNI,
LVI, positive surgical margin, presence of tumor necrosis, hydronephrosis, and tumor
size were also associated with worse CSS and OS in several selected studies [10–12,15].
OS was negatively influenced by pathological tumor grade, stage, size, multifocality, LNI
and hydronephrosis [9,15]. Therefore, surgical waiting time should not be considered as
the sole independent risk factor of worse oncological outcomes in patients with UTUC.
In view of the abovementioned evidence, determining the safe delay of the RNU should
be conducted according to the individual case risk profile, based on all available clinical
factors. Nevertheless, further studies are required to make strict recommendations.
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It needs to be emphasized that the delay in RNU does not always delay the treatment.
There is growing evidence that cisplatin-based NAC can lead to a significant downstaging
or a complete response on final pathologic examination of the RNU specimen (resulting in
CSS and OS improvement), which is why NAC is increasingly utilized in the management
of UTUC [20]. On the other hand, NAC might delay surgical treatment of UTUC, poten-
tially leading to disease progression in chemo-resistant patients [21]. In addition, patients
undergoing NAC may suffer from toxicities related to chemotherapy, which may delay
surgery even further [21]. Thus, development and validation of preoperative models are
extremely important as the scope of future research, in order to guide selection of the most
suitable patients with UTUC who will benefit from NAC. Unfortunately, selected papers
did not include subgroup analyses of patients receiving NAC before RNU. [11]. Only one
study by Sundi et al. addressed this issue and demonstrated no significant differences in
CSS between the “early” (≤90 days) and “delayed” (>90 days) RNU groups in a total cohort
(50% of patients receiving NAC) and subgroup of patients not receiving NAC. Therefore,
due to paucity of data, the safe delay in RNU in patients receiving NAC could not be
reliably established.

The delay in RNU can be caused by a number of reasons, both disease and patient-
related. In some analyzed studies longer waiting time was mainly caused by NAC and
URS prior to the surgery [11,12]; however, several studies did not provide specific causes
of RNU delay. Potential reasons for the delay, such as limited surgical schedules, delayed
referral to urologist due to high burden on the health systems, contraindications to surgery,
patients’ attitude should be considered as important factors that occur in clinical practice.
Delayed surgical wait times have an unfavorable impact on the overall quality of life and
psychological comfort of the patients. Various studies confirmed that long waiting for
surgery aggravates anxiety and psychological distress in patients with various urologic
neoplasms [22,23]. The delay can also influence the patients’ close relatives, increasing
stress and creating frustration. What is more, the psychological well-being of patients
is crucial in postoperative compliance and maintaining a positive relationship with the
physicians. That is why mental health can influence the oncological outcomes in patients
with UTUC and should not be underestimated.

Although the delay of a radical treatment in patients with UTUC seems to be safe
and acceptable up to 3 months, it needs to be emphasized that the current data are not
sufficient to reliably consider this as strong evidence. There are many potential causes of
delay in RNU that could occur in clinical practice. Thus, the delay of a definitive treatment
in patients with UTUC should be done with caution and rational basis in each individual
case. On the basis of our synthesized data, we recommend further studies to prospectively
assess the association between RNU delay and oncological outcomes in UTUC patients.
Future studies should include homogenous populations in terms of causes of RNU delay
(e.g., NAC administration or URS procedure before RNU) or provide detailed subgroup
analyses. This could help elucidate the oncologic impact of particular delays and prepare
for future unexpected events that could result in prolonged delays in definitive care in
patients with UTUC.

Several limitations of the present work should be mentioned. The first and most
important limitation is the retrospective and heterogeneous nature of included studies.
Second, most articles did not report the reason for RNU delay. Due to possible selection
bias, elderly patients with more comorbidities could be more likely to be selected for the
delayed RNU than younger patients without comorbidities (possible attrition bias). Third,
the studies included in our paper were conducted in different geographical regions and
observed differences in the results might reflect regional ethnic differences. Fourth, as
highlighted by their large CIs and small sample size, some studies might be underpowered
to detect a difference in oncological outcomes between analyzed delay intervals. Fifth, the
reasons of longer waiting time were not reported in some of the selected studies, thus,
results of this study may not be applicable for specific subsets of patients (e.g., receiving
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NAC, patients with <pT2 tumors). Finally, the planned meta-analysis was not possible
because of the heterogeneity of available data.

5. Conclusions

According to the current evidence, long surgical waiting time for RNU (especially more
than 3 months after UTUC diagnosis) could be considered as an important risk factor having
a negative impact on oncological outcomes in patients with UTUC; however, the results
of the particular studies are still inconsistent. The safe delay for RNU might be shorter in
specific subsets of high-risk patients, such as those with UT and/or hydronephrosis at the
time of diagnosis. Nonetheless, high-quality additional studies are required to establish
evidence for valid recommendations.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11144007/s1. Figure S1. Forest plot of overall-survival
data [9,12,14,15]. Short RNU delay was defined as: ≤90 days (Lee H.Y. et al. and Sundi et al.);
8–30 days (Xia et al.); ≤60 days (Zhao et al.). Long RNU delay was defined as: >90 days (Lee H.Y. et al.
and Sundi et al.); 121–180 days (Xia et al.); >60 days (Zhao et al.). CI = confidence interval; IV = inverse
variance; RNU = radical nephroureterectomy; SE = standard error.
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