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Bladder cancer (BCa) is the tenth most common form of cancer worldwide, with 549,000 new
cases and 200,000 deaths estimated in 2018 [1]. To address the several unmet questions in the field
of BCa research, recently the European Association of Urology (EAU) and the European Society of
Medical Oncology (ESMO) selected a panel of experts to define important topics in the field of BCa
and to propose possible management solutions [2,3]. In this Special Issue on outcomes and therapeutic
management of bladder cancer, we collected a series of articles treating some of the most important
topics for the urological community. First, the use of robotic surgery in the treatment of BCa is rapidly
increasing, surpassing the use of open surgery in tertiary referral centers [4]. In this regard, literature
reporting the efficacy of this technique, in comparison to the old standard, is rapidly increasing [5].
In this issue, we found in a big multicenter collaboration the equivalence of open versus robotic
radical cystectomy (RC) in the treatment of BCa patients [6]. Second, functional outcomes after radical
cystectomy need to be further reported and investigated to increase the quality of life of BCa patients.
Tuderti et al. [7] reported their experience of patients treated with sex sparing robot-assisted radical
cystectomy in female patients receiving an intracorporeal neobladder reporting good oncological and
functional outcomes 12 months after treatment. From the same institution, Claroni et al. [8] reported
on recovery outcomes from anesthesia after robotic-assisted RC.

Third, basic science needs to increase the outcome classification of BCa and the efficacy of diagnostic
strategies for an early diagnosis in patients with their first episode of BCa and promptly diagnose a
recurrence of BCa in patients who have been already treated. Kim et al. [9] and Sikic et al. [10] and
Montero-Reis et al. [11] proposed with different techniques potential markers and therapeutic targets
that could improve clinical practices in the future. Fourth, the careful evaluation of variant histology
can impact survival outcomes and similarly define optimal treatment strategies by proposing different
diagnostic and therapeutic approaches in those patients affected by non-urothelial BCa tumors [12].
Zhou et al. [13] reported on survival outcomes of patients affected by clear cell adenocarcinoma, finding
poorer prognosis compared to urothelial cancer. These results confirmed previous findings on this
topic [14]. Finally, in this regard the impact of local surgery on patients affected by metastatic BCa is
one of the new studied areas in this field [15,16]. I would like to thank the editorial office, authors,
reviewers and all the readers for their efforts in putting together this series.

J. Clin. Med. 2020, 9, 2373; doi:10.3390/jcm9082373 www.mdpi.com/journal/jcm1
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Abstract: Background: To compare overall survival (OS) outcomes in pN1-3 disease at the time of
radical cystectomy (RC) for muscle invasive bladder according to the neoadjuvant chemotherapy
(NAC) status. Materials and Methods: This multicenter study included 450 consecutive patients
undergoing RC for muscle-invasive urothelial bladder cancer with pN1-3 pM0 disease from 2010 to
2019. NAC consisted in platinum-based chemotherapy. The primary endpoint was the comparison
between NAC and non-NAC in terms of death from any cause. OS was assessed using the
Kaplan–Meier method and multivariate Cox proportional hazards regression was used to estimate
adjusted hazard ratios. Results: Median age was 69 years. Patients receiving NAC were younger
(p = 0.051), and more likely had downstaging to non-muscle invasive disease (10.7% versus 4.3%,
p = 0.042). Median OS was 26.6 months. NAC patients had poorer OS compared with those who did
receive NAC (Hazard ratio (HR) 1.6; p = 0.019). The persistence of muscle-invasive bladder in RC
specimens was also significantly associated with OS (HR 2.40). In the NAC cohort, the two factors
independently correlated with OS were the number of positive lymph nodes (p = 0.013) and adjuvant
chemotherapy (AC) (HR 0.31; p = 0.015). Conclusions: Persistent nodal disease in RC specimens after
NAC was associated with poor prognosis and lower OS rates compared with pN1-3 disease after
upfront RC. In this sub-group of NAC patients, AC was independently associated with better OS.

Keywords: bladder cancer; nodal disease; pN1; radical cystectomy; neoadjuvant; adjuvant; chemotherapy

1. Introduction

Muscle-invasive bladder cancer is a highly aggressive disease with poor oncologic outcomes in
case of lymph node involvement. Neoadjuvant chemotherapy (NAC) prior to radical cystectomy

J. Clin. Med. 2020, 9, 1962; doi:10.3390/jcm9061962 www.mdpi.com/journal/jcm5
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(RC) has proven to improve survival outcomes in localized muscle-invasive bladder [1–3]. Level I
evidence demonstrates a survival advantage of 5% as well as complete response on both primary
and nodal tumor tissues [3]. The pN0 rate after NAC in cN+ patients has been evaluated as high
as 48% in a retrospective series of 304 patients [4]. However, in spite of this proven overall survival
(OS) advantage, a certain proportion of patients did not respond to NAC and exhibited aggressive
patterns at the time of deferred RC, including pN1-3 disease. Despite NAC, up to one-fifth of the
patients harbored nodal disease involvement at the time of RC [5]. However, the differential outcomes
of pN1-3 patients stratified by the use or not of NAC is not well established. Moreover, there is little
evidence and no firm recommendation on how to treat patients with positive lymph nodes after
RC, especially after NAC administration [6]. In that setting, the use of adjuvant chemotherapy (AC)
and of platinum-based regimens could be limited by potential tumor cells resistance and cumulative
toxicity. Thus, whereas the impact of NAC on survival outcomes of cN1-3 patients prior to RC has
been assessed in retrospective trials, to our knowledge, no series has compared OS between NAC
and non-NAC patients harboring pN1-3 disease at the time of RC, and therefore the potential benefit
of AC administration in that setting [4,7]. Studies comparing oncologic outcomes of pN1-3 disease
according to the NAC status are biased by the selection, in the NAC group, of patients who did not
respond to chemotherapy given persistent or progressing node disease after NAC. This selection bias
based on resistance to neoadjuvant therapy has to be considered but helped to understand the need for
aggressive post-RC treatment or monitoring in case of NAC failure.

2. Materials and Methods

2.1. Patients

We included 450 consecutive patients that underwent radical cystectomy (RC) for muscle-invasive
urothelial bladder cancer with pathologically proven nodal disease from 2010 to 2019 at two institutions.
After institutional review board approval (IRB number: 00006477 2017-016; review board: CEERB Paris
Nord), all patients gave their written informed consent to participate in the prospective assessment
of the outcomes (personal data collection and analysis). All RC were planned for cT2-4 cM0 disease,
and we only included patients with pN1-3 disease. Clinical stage showed cT3 and cT4 disease
in 31% and 20% of NAC patients, and 30% and 13.8% of non-NAC patients, respectively (48.2%
of missing data for that variable). Patients with distant metastases (pM1a-b) on the pre-operative
computerized tomography (CT) scan were excluded from analysis. The CT scan was systematically
performed at the time of diagnosis. RC was performed less than 6 weeks after the diagnosis or less
than 6 weeks after the last cycle of NAC. In case of NAC, another CT scan was performed before
RC to confirm the absence of progression during NAC which would contra-indicate surgery. NAC
and AC consisted of platinum-based chemotherapy. All patients treated by NAC received MVAC
(methotrexate-vinblastine-doxorubicine-cisplatin) or GC (gemcitabline-cisplatin) regimen. AC was
defined as a chemotherapy regimen given after RC before any sign of post-surgery progression,
and platinum-based chemotherapy was the regimen of choice in the absence of contra-indication.
Chemotherapy regimen and number of cycles were administered at clinician discretion in accordance
with institutional standards and on individual decision-making. Patients treated with adjuvant
radiotherapy or a combination of radiation and chemotherapy were excluded. All pathology
data, including TNM stage, tumor grade, presence of positive soft tissue margin, total number
of removed lymph nodes (LN), and number of LN+ were obtained from the pathological reports.
Clinicopathological characteristics, surgical and adjuvant treatments, and follow-up data were collected
in medical records. The chemotherapy status (NAC, AC) was recorded.

2.2. Primary and Secondary Endpoints and Statistics

The primary endpoint was the comparison between NAC and non-NAC in terms of death from
any cause. Overall survival (OS) was assessed from the date of surgery until the date of death. OS was
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estimated using the Kaplan–Meier method and was compared using log-rank analysis. OS rates were
calculated with 95% confidence intervals. Multivariate Cox proportional hazards regression was used
to estimate adjusted hazard ratios with 95% confidence interval. The limit of statistical significance
was defined as p < 0.05. The SPSS 22.0 (IBM, Chicago, IL, USA) software was used for analysis.

3. Results

3.1. Clinical and Pathological Features of the Entire Cohort (n = 450)

Median age was 69 years with 73.1% male patients (Table 1). Downstaging to non-muscle invasive
disease in RC specimens was 5.0%. Lymphovascular invasion and concomitant carcinoma in situ (CIS)
were reported in 67.1% and 40.2% of cases, respectively. Soft tissue surgical margins were positive
in 12.9% of the specimens. Median lymph node yield and positive lymph nodes were 16 and 2,
respectively. Overall, 12.4% and 54.2% of patients received NAC +/− AC, and AC only, respectively.
Among the overall cohort, 4.4% of patients received both chemo regimens. Approximately, half of
patients died after a mean follow-up of 23 months. Distant systemic progression (bone and/or visceral
metastases) was reported in 41.8% of patients.

Table 1. Overall cohort clinical and pathological characteristics (n = 450).

N = 450

Gender (n, %):
Male 329 (73.1)

Female 121 (26.9)

Age (years):
Mean 67.5

Median (range) IQR 69.0 (25–93)

Pathological stage (n, %):
pT0-pTis 12 (2.6)

pT1 11 (2.4)
pT2 78 (17.3)
pT3 247 (54.9)
pT4 102 (22.7)

Presence of lymphovascular invasion (n, %) 302 (67.1)

Presence of concomitant CIS (n, %) 181 (40.2)

Presence of soft tissue surgical margins (n, %) 58 (12.9)

Number of lymph nodes analyzed:
Mean 17.5

Median (range) IQR 16.0 (1–70)

Number of positive lymph nodes:
Mean 3.9

Median (range) IQR 2.0 (1–41)

Type of chemotherapy regimen (%):
None 170 (37.8)

Neoadjuvant without adjuvant 36 (8.0)
Neoadjuvant + adjuvant 20 (4.4)

Adjuvant only 224 (54.2)

All-cause death (%) 220 (48.9)

Follow-up (months):
Mean 23.0

Median (range) IQR 17.3 (3–130)

IQR = interquartile range, CIS = carcinoma in situ.
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3.2. Comparisons of Clinical and Pathological Features Stratified by NAC Administration

Clinical and pathological features of both cohorts were compared (Table 2). Patients receiving
NAC were younger (65 versus 68 years, p = 0.051), and more likely had downstaging to non-muscle
invasive disease (10.7% versus 4.3%, p = 0.042). No significant difference was seen regarding CIS,
lymphovascular invasion, positive lymph nodes, and soft tissue margin. Non-NAC patients were more
frequently treated by AC (56.9% versus 35.7%, p = 0.003) and developed fewer systemic progression
(39.1% versus 60.1%, p = 0.002).

Table 2. Comparisons between neoadjuvant chemotherapy (NAC) and non-NAC patients.

NAC Cohort Non-NAC Cohort p-Value
N = 56 N = 394

Male (%) gender 46 (82.1) 283 (71.8) 0.103
Age (mean) 65.0 68.0 0.051

Pathological stage (%):

0.097

pT0-pTis 3 (5.4) 9 (2.3)
pT1 3 (5.4) 8 (2.0)
pT2 6 (10.7) 72 (18.3)
pT3 29 (51.8) 218 (55.3)
pT4 15 (26.8) 87 (22.1)

Previous history of non-muscle-invasive bladder
tumor before T2-4 diagnosis (%) 6 (10.7) 17 (4.3) 0.042

Presence of lymphovascular invasion (%) 42 (75.0) 260 (66.0) 0.179
Presence of concomitant CIS (%) 17 (30.4) 164 (41.6) 0.108
Soft tissue surgical margins (%) 7 (12.5) 51 (12.9) 0.926

Number of lymph nodes analyzed yield (mean) 17.6 17.1 0.777
Number of positive lymph nodes (mean) 3.8 4.8 0.197

Adjuvant chemotherapy administration (%) 20 (35.7) 224 (56.9) 0.003
Distant metastases (%) 34 (60.7) 154 (39.1) 0.002

NAC = neoadjuvant chemotherapy, CIS = carcinoma in situ.

3.3. Survival Analysis in the Overall Cohort

The OS curve of the overall cohort is shown in Figure 1A. Median OS was 26.6 months. The 1-, 2-,
and 5-year OS rates were 75.9% (±2.1), 54.3% (±2.7), and 29.2% (±3.2) in the overall cohort.

NAC patients had poorer OS compared with those who did not receive NAC (log rank test:
p = 0.019, Figure 1B). The 1-, 2-, and 5-year OS rates were 66.8% (±7.3), 34.6% (±8.3), and 16.3% (±7.7)
in the NAC cohort, versus 76.9% (±2.2), 56.3% (±2.8), and 30.5% (±3.5) in the non-NAC cohort. Median
OS in the NAC and non-NAC cohorts was 16.7 and 28.8 months, respectively.

The OS curves were then stratified according to the type of primary chemotherapy received
(Figure 1C): no chemotherapy, NAC, or AC. Patients treated by AC had better OS outcomes compared
with those receiving NAC or no chemotherapy (log rank test: p < 0.001). Median OS was 33.6 months,
compared with 22.0 and 16.7 months in the no chemotherapy and NAC cohorts, respectively. Survival
curves did not differ significantly between patients who did not receive any chemotherapy and NAC
patients, in spite of a trend toward better outcomes during the first 18 months after RC (p = 0.557).
Curves crossed at this time point with better long-term outcomes in patients without any neoadjuvant
or adjuvant chemotherapy regimens.
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Figure 1. (A) Overall survival (OS) curve in the overall cohort; (B) OS stratified by the use of
neoadjuvant chemotherapy (NAC); (C) OS stratified by the type of primary chemotherapy: neoadjuvant
chemotherapy (NAC), adjuvant chemotherapy (AC), no chemotherapy.

3.4. Multivariable Analysis of Predictive Factors for OS in the Overall Cohort

Cox regression model confirmed that NAC was independently associated with overall mortality
(Table 3). NAC patients had a 1.6-fold higher risk of death compared with non-NAC patients (p = 0.018;
95% confidence interval: 1.09–2.47). The persistence of muscle-invasive bladder in RC specimens was
also significantly associated with OS (HR 2.40; 95% confidence interval: 1.06–5.44). This negative
effect of NAC (p = 0.072) failed to reach significance when AC was taken into the multivariable model.
AC was then positively and independently correlated with improved OS (HR 0.56; 95% confidence
interval: 0.42–0.73; p < 0.001).

Table 3. Multivariable Cox regression analyses for predictors of overall survival (OS) in the overall
cohort and in the neoadjuvant chemotherapy (NAC) cohort.

HR 95% CI p-Value

Overall cohort

Model 1
Gender 0.884 0.647–1.209 0.441

Age (continuous) 1.009 0.996–1.023 0.178
Muscle-invasive disease 2.404 1.062–5.442 0.035

Lymphovascular invasion 0.882 0.664–1.171 0.385
Concomitant CIS 1.088 0.830–1.427 0.540

Soft tissue surgical margin 1.338 0.910–1.965 0.138
Positive lymph nodes >3 1.283 0.959–1.717 0.093

NAC 1.638 1.089–2.465 0.018

Model 2
NAC 1.445 0.968–2.159 0.072

Adjuvant Chemotherapy 0.557 0.426–0.728 <0.001
NAC cohort

Muscle-invasive disease 0.296 0.060–1.470 0.137
Positive lymph nodes >3 3.281 1.287–8.365 0.013
Adjuvant chemotherapy 0.310 0.120–0.800 0.015

HR = hazard ratio; CI = confidence interval; CIS = carcinoma in situ.
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3.5. Stratified Survival Analysis in NAC Cohort

Among NAC cohort, the administration of adjuvant chemotherapy was correlated with improved
OS, without significant difference (Figure 2; p = 0.099). Median OS was 16.5 versus 31.7 months
in patients receiving AC after NAC. The one-year OS rates were 61.9% (±9.7) versus 75.0% (±10.8)
comparing patients who received AC and those who did not.

Figure 2. Survival curves for overall survival (OS) in the neoadjuvant chemotherapy (NAC) cohort
stratified by the use of adjuvant chemotherapy (AC).

3.6. Multivariable Analysis of Factors Associated with Overall Mortality in the NAC Cohort

Cox regression analysis was performed in the subgroup of NAC patients (Table 3). Given the
low number of patients (n = 56) and consequently the low number of events, we only included three
factors which were the most correlated with overall mortality in univariable analyses. In the NAC
cohort, the two factors independently correlated with overall mortality were the number of positive
lymph nodes (>3 nodes; p = 0.013) and the administration of AC. AC was independently associated
with a lower risk of overall mortality (HR 0.31; 95% confidence interval: 0.12–0.80; p = 0.015).

4. Discussion

NAC prior to RC has proven to improve survival outcomes in localized and locally advanced
muscle-invasive bladder [1–3]. However, a non-negligible proportion of patients did not respond to
NAC and exhibited aggressive patterns at the time of deferred RC including one-fifth of patients with
nodal disease [5].

To date, there is little evidence on how to treat patients with positive lymph nodes after NAC and
RC [6]. In a recent UK survey, 45% of oncologist responders would not give AC in patients with node
disease after NAC and RC. Due to several factors, such as post-operative complications, impaired
renal function, and poor performance status, the delivery of AC may be challenging even if an OS
benefit is achieved [8]. Thus, the feasibility of re-challenging this group of NAC patients with AC
is currently not well established, and patients are often offered salvage chemotherapy only at time
of disease progression for palliation. A previous study of 37 patients with node positive disease
after NAC previously suggested that patients who have persistent nodal disease have a very poor
prognosis [9]. The two-year OS survival rate was 20%. The findings of this single-arm retrospective
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study highlighted a potential benefit from adjuvant chemotherapy. As reported in our series, there
was a trend toward improved OS when AC was used.

While the rate of pT0 disease after NAC has been well assessed in the literature (approximately
30%), the complete response rate in node cannot be accurately evaluated due to the inaccuracy of
preoperative evaluation. Indeed, node staging is currently performed by CT scan or pelvic magnetic
resonance imaging (MRI). Both procedures are limited by poor sensitivity and specificity. In a
series of clinical node-positive patients prior to NAC, Hermans et al. suggested that the rate of
complete post-NAC response in pelvic lymph nodes (pN0) was 31% and 19% in cN1 and cN2-3
patients, respectively [7]. A complete response in lymph nodes has been evaluated at 48% in another
retrospective study [4]. We were unable to assess this node downstaging rate given that we only
included pN1-3 patients. However, even in patients having an aggressive disease with positive nodes
at RC, our study suggests a positive impact of NAC on tumor tissue given that the pT0-1 rate was
10.8% in the NAC cohort, versus 4.3% only in non-NAC patients (p = 0.042). Unfortunately, given the
limitations already evoked, the potential difference of response between primary cancer and metastatic
nodal tissue cannot be relevantly evaluated.

The poorer OS achieved by NAC versus non-NAC patients with pN1-3 disease confirmed the need
for adapting post-RC treatment in this high-risk sub-population. These patients will more frequently
develop post-RC systemic progression (60.7% versus 39.1%) and die prematurely. Our findings suggest
that the use of AC could be beneficial even after NAC. Indeed, OS was improved when AC was given,
and AC was an independent protective factor in multivariable analysis, after taking into account
positive lymph node burden and pT stage.

Consistently with French habits, MVAC was regarded in our experience as the first-line treatment
of choice [10]. The pathological complete response rate achieved by dose dense MVAC appeared
better than GC in retrospective studies [11]. Few patients received GC which could be preferred in
other centers and/or countries due to a better toxicity profile. Comparable efficacy of GC has been
emphasized, but in the metastatic setting [12]. Preliminary data from the VESPER trial (NCT01812369),
comparing GC and MVAC as NAC, were presented recently, and the mature publication is awaited.

The role of AC after RC remains controversial. The main data come from underpowered trials
due to poor recruitment, or from studies suffering from methodological issues. The advent of NAC
before RC has also had a negative impact on enrollment in such trials [13]. The European Organisation
for Research and Treatment of Cancer (NCT 30994) evaluated four cycles of immediate adjuvant
chemotherapy versus six cycles of deferred chemotherapy at the time of relapse [14]. The benefit in
OS was only seen in a small sub-group of pN0 patients (n = 86). Meta-analyses tend to confirm the
reduction in the risk of death with AC (approximately 23%) [15,16]. Thus, although AC is no longer
recommended, evidence suggests that it could be efficient, but mainly in chemotherapy-naive patients
with locally advanced bladder cancer (pT3-4, pN0/pN +, pM0). Until now, no prospective trial has
compared the sequence NAC versus NAC plus AC in patients with persistent locally advanced bladder
cancer or lymph node involvement at the time of RC.

We did not report the detailed chemotherapy regimens in terms of number of cycles, toxicity data,
palliative chemotherapy, and number of subsequent lines. The OS we showed could be impacted by all
these parameters. Subsequent therapies for metastatic disease, that may have affected OS rates, were
not available for all patients. Until recently, the only licensed second-line chemotherapy was vinflunine,
which has demonstrated a three-month survival benefit with toxicity. However, the therapy landscape
of advanced bladder cancer rapidly evolves. It is also worthy to note that this cohort was followed
before the approval of immunotherapy regimens in advanced bladder cancer. The implementation of
immunotherapy in the metastatic as well as in the neoadjuvant setting may modify the response to
neoadjuvant treatment, as well as progression-free and overall survival [17]. In this study, we found
that NAC patients treated by AC after RC achieved better OS outcomes compared with patients
receiving only palliative chemotherapy. However, only one-third of NAC patients received AC due
to poor performance status, post-operative complications, cumulative toxicity or various reasons.
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The possibility to change AC for adjuvant immunotherapy could increase the number of NAC patients
eligible for adjuvant therapy and offer life-prolonging drug options in that particular setting of pN1-3
NAC patients.

The combination of therapy could also be an interesting option in pN1-3 disease. Zaghloul et
al. recently demonstrated in a phase II study that the addition of radiotherapy to AC could improve
the locoregional recurrence-free survival [18]. The trend reported in terms of OS has to be confirmed
in larger phase III trials. The GETUG-AFU 30 trial (NCT03333356) is ongoing to evaluate the benefit
of adjuvant radiotherapy in high-risk cancers in terms of pelvic recurrence-free survival as primary
endpoint, and OS as secondary endpoint.

It seemed worthy to note that we only included in this study NAC patients who did not respond
to chemotherapy given persistent or progressing node disease after NAC. This sub-group selection
based on first therapy resistance explained the worse prognosis of NAC patients compared with
non-NAC patients who were not selected by any type of treatment resistance. This selection bias has to
be considered and helps to understand the need for aggressive post-RC treatment or monitoring in
case of NAC failure.

Finally, the main limitation was the difficulty to draw any firm conclusion based on a retrospective
study. In addition to potential selection biases in the selection of patients for NAC, for surgery and
for AC, our results could have also been limited by the relatively small sample size. Currently, it is
not possible to establish with absolute certainty what is the best sequence of perioperative treatments.
However, to our knowledge, this study was the first to directly compare contemporary outcomes after
RC in pN1-3 patients treated or not with NAC, and it confirmed the potential of AC even in patients
already treated by NAC.

5. Conclusions

Persistent nodal disease in RC specimens after NAC is associated with poor prognosis and lower
OS rates compared with pN1-3 disease after upfront RC. In this sub-group of NAC patients, AC was
given to one-third of NAC patients and was an independent predictive factor for better OS outcomes.
Larger prospective data as well as studies assessing the impact of other adjuvant therapies such as
immunotherapy or radiotherapy are awaited.
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Abstract: Purpose: Evasion of the immune system by cancer cells allows for the progression of tumors.
Antitumor immunotherapy has shown remarkable effects in a diverse range of cancers. The aim of this
study was to determine the clinicopathological significance of human epidermal growth factor receptor
2 (HER2), indoleamine 2,3-dioxygenase (IDO), and programmed death ligand-1 (PD-L1) expression
in urothelial carcinoma of the bladder (UCB). Materials and Methods: We retrospectively studied
97 patients with UCB. We performed an immunohistochemical study to measure the expression levels
of HER2, IDO, and PD-L1 in UCB tissue from these 97 patients. Results: In all 97 cases, the PD-L1
expression of tumor-infiltrating immune cells (ICs) was significantly correlated with higher pathologic
tumor stage (pT). In pT2–pT4 cases (n = 69), higher levels of HER2 and IDO expression in invasive
tumor cells (TCs) were associated with shorter periods of disease-free survival (DFS). Conclusion:
These results imply that the expression of PD-L1 in ICs of the UCB microenvironment is associated
with cancer invasion and the expression of HER2 or IDO in the invasive cancer cell and suggestive of
the potential for cancer recurrence. We suggest that the expression levels of IDO, HER2, and PD-L1
could be useful as targets in the development of combined cancer immunotherapeutic strategies.

Keywords: human epidermal growth factor receptor 2; indoleamine 2,3-dioxygenase; programmed
death ligand-1; urothelial carcinoma; urinary bladder; immunotherapy

1. Introduction

Urothelial carcinoma of the bladder (UCB) remains one of the most common malignant cancers of
the genitourinary tract [1]. Among UCB patients, approximately 30% will have muscle invasion at
diagnosis, show rapid progression to metastatic disease, and succumb to their disease [2]. Although
there are several different treatment regimens, very poor treatment outcomes have been reported in
locally advanced and metastatic UCB patients, and this trend has remained unchanged in the last few
decades [3,4]. Therefore, further studies are required to better understand the molecular mechanisms
of tumor aggressiveness in UCB.

One barrier limiting the efficacy of classic cancer therapies is the interactions of cancer cells
with their microenvironment, which ultimately determine whether the primary tumor is eradicated,
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metastasizes, or establishes dormant micrometastases [5]. Furthermore, the tumor microenvironment
can also determine treatment outcome and resistance [6]. Thus, future anticancer treatment strategies
should not only act directly on the proliferative processes of transformed cells but also interrupt the
crosstalk circuits established by tumor cells with the host microenvironment [7].

Tumor immunogenicity is simply defined as the ability to induce adaptive immune responses [6].
Although most tumors carry particular substances which can induce an immune response, such as
antigens or epitopes, the immunogenicity of cancer varies greatly between cancer types. It has been
reported that tumor immunogenicity relies on its own antigenicity and several immunomodulatory
mechanisms that render tumor cells less sensitive to immune system attack, or create a highly
immunosuppressive tumor microenvironment [8]. Classic cancer therapies, such as chemotherapy
and radiotherapy, reduce the tumor burden by killing cancer cells. Furthermore, during apoptosis
and necrosis, antigens and damage-associated molecular patterns (DAMPs) stimulate an antitumor
immune response which induces immunogenic cell death [9,10]. However, cancer cells can escape
immune surveillance and progress through modulating immune checkpoint molecules that suppress
antitumor immune responses [8].

Considering their high immunogenicity, the expression levels of immune checkpoint-related
proteins have been measured and linked to the clinicopathological features and treatment outcomes in
UCB. Many studies have reported that expression of immune checkpoint-related proteins, such as
programmed cell death 1 (PD-1)/programmed death ligand-1 (PD-L1) and indoleamine 2,3-dioxygenase
(IDO) show prognostic significance in UCB [11–13]. Additionally, various cancers have responded to
treatment with immune checkpoint inhibitors, including UCB [14].

In breast cancer, Filippo et al. highlighted the role of innate and adaptive immune responses in
HER2-targeted drugs [15]. This article has prompted investigations into the interaction of immune
checkpoint proteins with HER2 targeted therapies. Recently, human epidermal growth factor receptor
2 (HER2) signals have been found to potentially regulate the infiltration of tumor microenvironment
immune cells, and to have a role in the expression of PD-L1 in breast and gastric cancers [16,17]. Similarly,
increased IDO expression was observed in a subset of HER2+ breast tumors (43.1%), which could be
used to develop a combination treatment regimen [18]. These results suggest that immune-escape
genes could be used to develop a combination treatment regimen in HER2 overexpression UCB
patients. However, the clinical significance of immune checkpoint-related molecules in the context of
HER2-positive and -negative UCB have not yet been fully evaluated.

We hypothesized that information on the expression of HER2 and immune-escape genes could
be useful in the development of therapeutic strategies. This study aimed to evaluate the expression
levels of HER2 and immune-escape genes by immunohistochemistry (IHC) in 97 cases of UCB.
Therefore, we first evaluated the influence of immune cell infiltration on UCB survival using the
Tumor IMmune Estimation Resource (TIMER) database. Then, to identify immunomodulatory genes,
correlations between CD8+ T cell infiltration and candidate genes were analyzed by TIMER. Finally,
we evaluated expression levels of HER2, IDO, and PD-L1 by immunohistochemistry (IHC) in 97 cases
of UCB. The levels of these three protein expressions were correlated with various clinicopathological
characteristics, including patient survival.

2. Patients and Methods

2.1. Patients and Tissue Samples

This study was approved by the Institutional Review Board of Chungnam National University
Hospital (CNUH 2019-10-041). All formalin-fixed paraffin-embedded (FFPE) tissue samples for IHC
and clinical data were obtained from the National Biobank of Korea at Chungnam National University
Hospital. The requirement for informed consent for the retrospective comparison study was waived
because the study was based on immunohistochemical analysis using FFPE tissue.
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We conducted a review of the records of 97 patients with UCB between 1999 and 2014 at Chungnam
National University Hospital in Daejeon, South Korea. The inclusion criteria were that the FFPE UCB
tissues were available, and that the follow-up clinical data were sufficiently detailed. The exclusion
criteria were as follows: (1) patients had a previous history of other cancers; (2) patients had received
previous curative resection for any urinary tract tumor lesion; (3) patients had received preoperative
chemotherapy or radiation therapy; or (4) patients had received any molecular targeted therapy.
The tumor, node, and metastasis (TNM) staging and histologic grading for UCB were determined at
the time of tumor resection, and were based on the 8th edition of the American Joint Committee on
Cancer (AJCC) staging system [19].

The 97 UCB cases included 4 cases of noninvasive papillary urothelial carcinoma, 24 cases of pT1,
40 cases of pT2, 26 cases of pT3, and 3 cases of pT4. The 28 patients who underwent transurethral
resection of the bladder (TUR-B) were in the pathologic tumor stage (pT) pTa–pT1; the 69 patients
who underwent total or partial cystectomy were pT2–pT4. The histologic type of all 97 cases was
conventional urothelial carcinoma. For the 69 cases of pT2–pT4, data were collected regarding their
disease-free survival (DFS) and overall survival (OS) periods. Among the 69 cases, 29 patients
underwent post-operative radiotherapy (PORT). DFS was determined as the time interval between
the date of initial surgical resection and the date of UCB recurrence or metastasis. UCB recurrence
or metastasis was determined via imaging and/or histological analysis. OS was defined as from
the time of initial surgical resection to the date of death due to any cause. Without confirmation
of death, recurrence, or metastasis, OS or DFS time was recorded based on the last known date
that the patient was alive. We used representative FFPE whole-tissue samples of 97 UCB cases for
immunohistochemistry (IHC).

2.2. Immunohistochemical Staining Analysis

Immunohistochemical staining of the FFPE tissue sample of UCB was conducted as previously
described [20]. Target Retrieval Solution, pH 9 (catalog #S2368, Dako, Glostrup, Denmark), was used
for antigen revitalization. The tissue sections were incubated for 30 min at room temperature with
the following primary antibodies: rabbit polyclonal anti-human c-erbB-2 oncoprotein (1:200, catalog
#A0485, Dako, Glostrup, Denmark), rabbit polyclonal anti-PD-L1 antibody (1:200, catalog #GTX104763,
CD274 molecule, GeneTex, Irvine, CA, USA), mouse monoclonal anti-indoleamine 2,3-dioxygenase
antibody, clone 10.1 (1:100, catalog #MAB5412, MERCK, Bellanca, MA, USA), CD8 (Ready-to-Use,
catalog #IR623, Dako, Glostrup, Denmark), and CD43 (Ready-to-Use, catalog #IR636, Dako, Glostrup,
Denmark).

We only scored HER2, IDO, and PD-L1 IHC stains for invasive urothelial carcinoma cells of
93 invasive UCB cases, while four cases of noninvasive papillary urothelial carcinoma were evaluated
for intraepithelial dysplastic urothelial cells. We analyzed the cytoplasmic or cytoplasmic membrane
expression of HER2 using the modified DAKO HercepTest TM Interpretation Manual—Breast Cancer
Row version [21] (Staining scored 0, 1+, 2+ and 3+). Staining of 2+ or 3+ was regarded as high
expression of HER2. The PD-L1 IHC staining was interpreted using the PD-L1 IHC 22C3 pharmDx
Interpretation Manual—Urothelial Carcinoma [22] and VENTANA PD-L1 (SP142) Assay Interpretation
Guide for Urothelial Carcinoma [23]. Any convincing partial or complete linear cytoplasmic membrane
staining of viable tumor cells (TCs) exceeding 1% of the tumor cell proportion was defined as high
expression of TC. Presence of discernible PD-L1, CD43, and CD8 staining of any intensity in the
tumor-infiltrating immune cells (ICs) covering ≥1% of the tumor area was regarded as high expression
of ICs. For CD43 and CD8, we only scored IHC staining of tumor microenvironment ICs in the
muscularis propria of 61 cystectomized UCB cases among 67 cases of pT2–pT4. IDO cytoplasmic
expression in TCs was scored using the method described by Allred et al. (score 0–8) [24]. A high
expression of IDO was regarded as a median score or above (score ≥5). The results were examined
separately and scored by Kim, K-H, and Kim, J-M, who were blinded to the patients’ clinicopathological
details. Any discrepancies in the scores were discussed to obtain a consensus.
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2.3. TIMER Database Analysis

TIMER is a comprehensive resource for systematic analysis of immune infiltrates across diverse
cancer types (https://cistrome.shinyapps.io/timer/) [25]. TIMER applies a deconvolution previously
published statistical method to infer the abundance of tumor-infiltrating immune cells (TIICs) from
gene expression profiles [26]. We investigated the relationship between tumor-infiltrating immune
cells and UCB survival outcomes. Additionally, we analyzed the correlation of PDL1, IDO, CTLA4,
CCL1, CCL2, and CCR2 expression with the abundance of CD8+ T cells.

2.4. Statistical Analyses

The correlations of the clinicopathological parameters with expressions of HER2, IDO, and PD-L1
were evaluated using Pearson’s chi-square test and Fisher’s exact test. The associations between
HER2, IDO, PD-L1, CD43 and CD8 proteins were examined by Spearman rank correlation coefficients.
Postoperative OS and DFS were determined using Kaplan–Meier survival curves and a log-rank
test. The Cox proportional hazards model was applied for univariate and multivariate survival
analyses. The mean values of absolute lymphocyte count (ALC), absolute neutrophil count (ANC),
and neutrophil to lymphocyte ratio (NLR) were compared for the subgroups with HER2, IDO, PD-L1
(TCs), and PD-L1 (ICs) expression using an unpaired Student’s t-test. Statistical significance was set at
p < 0.05 (SPSS v.24; SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Association of Immune Cell Infiltration with Survival and Expression of Immune Escape Genes

Even if there is evidence for the action of various immune cell populations in bladder cancer,
a comprehensive landscape of the immune response to UCB and its driving forces is still lacking.
Therefore, we tried to identify the correlation between immune cell infiltration of this cancer and
survival by using the TIMER (Tumor IMmune Estimation Resource) database. In UCB, only the
immune infiltrating level of CD8+ T cells was negatively correlated with survival (Figure S1). These
results are in line with the tumorcidial function of CD8+ T in immune cells, which can be mitigated by
the immune escape mechanism [27].

It was reported that various molecules may be involved in tumor-induced immune tolerance in
UCB [28,29]. Therefore, we evaluated the correlation between CD8+ T cell infiltration of UCB and
these molecules by using TIMER. Among various molecules, PD-L1 and IDO1 expression are most
highly correlated with CD8+ T cell infiltration in UCB (Table S1).

3.2. Association of Clinicopathological Characteristics with Expression of HER2, IDO and PD-L1

The 97 UCB cases were evaluated using IHC to determine HER2, IDO, and PD-L1 levels.
The clinicopathological characteristics of the 97 UCB patients associated with expressions of HER2,
IDO, and PD-L1 are presented in Table 1. Most non-neoplastic urothelial epithelial cells or noninvasive
urothelial carcinoma cells showed no expression of PD-L1, while HER2 and IDO were generally
expressed with mild to moderate intensity in a large majority of reactive urothelial cells or noninvasive
intraepithelial urothelial carcinoma cells, while there was no expression of IDO in normal urothelial
epithelia. Invasive UCB cancer cells in lamina propria showed a relatively decreased expression of
HER2 or IDO in comparison to the expression of reactive or dysplastic intraepithelial urothelial cells
(Figure 1). Invasive UCB was scored using IHC stains of deeper invasive cancer lesions, except for
intraepithelial lesion. However, the noninvasive papillary urothelial carcinomas were evaluated for
intraepithelial dysplastic urothelial cells. Expression of HER2 or IDO in the 97 cases of UCB showed
trends of decreased expression in pT2–pT4 compared to pTa–pT1 (p = 0.055 and p = 0.0007). However,
PD-L1 expression of ICs was higher in pT2–pT4 than in pTa–pT1 (p = 0.001). HER2 expression in TCs
was marginally associated with ALC /μL (p = 0.069). IDO expression in TCs was positively correlated
with ALC /μL (p = 0.030) and was negatively correlated with ANC /μL (p = 0.007) and NLR (p = 0.050).
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PD-L1 expression in ICs was positively correlated with ANC /μL (p = 0.041) and NLR (p = 0.063)
(Table S2).

Table 1. Correlations of HER2, IDO, and PD-L1 expressions with clinicopathological factors in
97 patients with urothelial carcinoma of the bladder.

Variable No.
HER2 IDO PD-L1 (TCs) PD-L1 (ICs)

Low High p * Low High p * Low High p * Low High p *

Gender N = 46 N = 51 0.605 N = 45 N = 52 0.676 N = 52 N = 45 0.102 N = 48 N = 49 0.760

Male 78 38 40 37 41 45 33 38 40

Female 19 8 11 8 11 7 12 10 9

Age (years) 0.087 0.164 0.900 0.732

≤65 36 13 23 20 16 19 17 17 19

>65 61 33 28 25 36 33 28 31 30

Grade 1.000 0.029 1.000 0.436

low 6 3 3 0 6 3 3 4 2

high 91 43 48 45 46 49 42 44 47

Tumor stage 0.055 0.007 0.179 0.001

pTa–pT1 28 9 19 7 21 18 10 21 7

pT2–pT4 69 37 32 38 31 34 35 27 42

* Pearson’s chi-square test or Fisher’s exact test.

Figure 1. Representative images of HER2, IDO, and PD-L1 immunohistochemical staining in urothelial
carcinoma of the bladder (UCB). (A–C) Invasive cancer cells with strongly positive expressions of
HER2, IDO, and PD-L1. (D) Intermediate positive expression of HER2 in low-grade noninvasive
urothelial tumor (left upper) and very weakly positive expression of HER2 in invasive cancer cells
(right lower). (E) Intermediate positive expression of IDO in a low-grade noninvasive urothelial tumor
(left) and strongly positive expression of IDO in a high-grade urothelial tumor (right). (F) Strongly
positive expression of PD-L1 in intra-tumoral immune cells. (G) Weakly positive expression of HER2 in
reactive urothelial epithelium. (H) Strongly positive in situ expression of IDO in urothelial carcinoma.
(I) Negative expression of PD-L1 in reactive urothelium (scale bar = 20 μm).
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3.3. Correlation Between Expression of HER2, IDO, PD-L1, CD43 and CD8 Measured in Tumor Cells or
Immune Cells

The correlation between expression of the five proteins is presented in Table 2. CD43 is one of
the major glycoproteins of thymocytes and T lymphocytes, suggesting a negative regulatory role
in adaptive immune reactions as one of the positive markers of myeloid-derived suppressor cell
phenotyping. The inverse correlation between PD-L1 expression in ICs and IDO expression in TCs
was observed (p = 0.010). HER2 expression in TC was marginally associated with IDO expression in
TCs (p = 0.058). There was significant positive correlation between the expression of PD-L1, CD43 and
CD8 in ICs. There was a tendency to have a negative feedback phenomenon between the expression of
IDO and HER2 in TC and the expression of PD-L1, CD43, and CD8 in ICs.

Table 2. Correlations between HER2, IDO, PD-L1, CD43, and CD8 expression according to
immunohistochemical staining of urothelial carcinoma of the bladder.

Spearman’s rho
HER2
(TCs)

IDO
(TCs)

PD-L1
(TCs)

PD-L1
(ICs)

CD43
(ICs)

CD8
(ICs)

HER2 (TCs)

Correlation coefficient 1.000 0.193 −0.110 −0.155 −0.091 −0.021

Sig. (2-tailed) * - 0.058 0.283 0.129 0.485 0.875

No. 97 97 97 97 61 61

IDO (TCs)

Correlation coefficient 0.193 1.000 −0.171 −0.259 * −0.247 −0.126

Sig. (2-tailed) * 0.058 - 0.094 0.010 0.055 0.334

No. 97 97 97 97 61 61

PD-L1 (TCs)

Correlation coefficient −0.110 −0.171 1.000 0.383 ** 0.242 0.175

Sig. (2-tailed) * 0.283 0.094 - 0.000 0.060 0.177

No. 97 97 97 97 61 61

PD-L1 (ICs)

Correlation coefficient −0.155 −0.259 * 0.383 ** 1.000 0.429 ** 0.470 **

Sig. (2-tailed) * 0.129 0.010 0.000 - 0.001 0.000

No. 97 97 97 97 61 61

CD43 (ICs)

Correlation coefficient −0.091 −0.247 0.242 0.429 ** 1.000 0.608 **

Sig. (2-tailed) * 0.485 0.055 0.060 0.001 - 0.000

No. 61 61 61 61 61 61

CD8 (ICs)

Correlation coefficient −0.021 −0.126 0.175 0.470 ** 0.608 ** 1.000

Sig. (2-tailed) * 0.875 0.334 0.177 0.000 0.000 -

No. 61 61 61 61 61 61

**, Correlation is significant at the 0.01 level (2-tailed); *, Correlation is significant at the 0.05 level (2-tailed); TC,
tumor cell; IC, immune cell.

It has been observed that expression of CD43 and CD8 in tumor microenvironment ICs is generally
predominant in the lamina propria rather than the muscle layer. Since CD8 and CD43 expression
showed various degrees according to the depth of tumor infiltration, intra-tumoral or contiguous
peritumoral ICs in the muscularis propria and deeper layer were evaluated in 61 cases of pT2–pT4
(Figure 2).

3.4. Expression of HER2 or IDO May Predict Shorter Disease-Free Survival Period in 69 Cases of pT2–pT4

In pT2–pT4 cases (n = 69), we found that expression of HER2 or IDO in TCs was associated with
a shorter DFS in both univariate Cox regression analysis (p = 0.028 and p = 0.048, respectively) (Table 3)
and Kaplan–Meier survival curves (p = 0.022 and p = 0.040, respectively) (Figure 3). The expression
of HER2 in TCs was also associated with shorter OS and DFS periods according to multivariate Cox
regression analysis for HER2 expression, IDO expression, gender, age, pathologic tumor stage, and
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radiation therapy after surgery (p = 0.031 and p = 0.019, respectively) (Table 4). The PD-L1 expression
in TCs or ICs showed no correlation with survival outcome (Table 3 and Figure 3), even though the
PD-L1 expression of ICs was higher in pT2–pT4 than in pTa–pT1 (p = 0.001). The expression of CD43
and CD8 in ICs showed no correlation with survival outcome. In 29 cases of pT2–pT4 with radiation
therapy after surgery, the expression of HER2 or IDO in TCs showed an association with shorter DFS
in Kaplan–Meier survival curves (p = 0.061 and p = 0.033) (Figure 4).

Figure 2. Representative images of CD43 and CD8 immunohistochemical staining in urothelial
carcinoma of the bladder (UCB). Positive expression of CD43 and CD8 in intra-tumoral or contiguous
peritumoral immune cells of lamina propria invasion (A,B) and muscularis propria (C,D) (scale bar =
20 μm; *, muscularis propria; and **, tumor cells).

Figure 3. Kaplan–Meier survival curves of disease-free survival in 69 patients with pathologic tumor
stage pT2–pT4 urothelial carcinoma of the bladder according to expression of HER2 in tumor cells, IDO
in tumor cells, PD-L1 in tumor cells, and PD-L1 in immune cells. (A) HER2; (B) IDO; (C) PD-L1 (TCs);
(D) PD-L1 (ICs)).
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Table 3. Univariate analysis of overall survival and disease-free survival in 69 patients with pathologic
tumor stage pT2–pT4 urothelial carcinoma of the bladder.

Overall Survival Disease-free Survival

P * HR 95% CI P * HR 95% CI

HER2 expression (TCs) 0.143 0.028

Low 1 (reference) 1 (reference)

High 1.792 0.822–3.907 2.381 1.097–5.169

IDO expression (TCs) 0.683 0.048

Low 1 (reference) 1 (reference)

High 0.850 0.390–1.852 2.158 1.007–4.622

PD-L1 expression (TCs) 0.854 0.291

Low 1 (reference) 1 (reference)

High 1.075 0.498–2.320 0.664 0.311–1.420

PD-L1 expression (ICs) 0.741 0.333

Low 1 (reference) 1 (reference)

High 1.146 0.510–2.577 0.692 0.329–1.458

Gender 0.360 0.164

Male 1 (reference) 1 (reference)

Female 0.605 0.206–1.774 0.425 0.128–1.417

Age (years) 0.357 0.922

≤65 1 (reference) 1 (reference)

>65 1.481 0.643–3.413 0.962 0.444–2.085

Tumor stage 0.016 0.804

pT2 1 (reference) 1 (reference)

pT3–pT4 2.639 1.196–5.824 1.100 0.520–2.326

Radiation therapy after
surgery 0.395 0.716

No 1 (reference) 1 (reference)

Yes 0.706 0.316–1.576 0.870 0.410–1.844

* univariate Cox regression analysis; HR, hazard ratio; CI, confidence interval; TC, tumor cell; IC, immune cell.

Table 4. Multivariate analysis of overall survival and disease-free survival in 69 patients with pathologic
tumor stage pT2–pT4 urothelial carcinoma of the bladder.

Overall Survival Disease-free Survival

P HR 95% CI P HR 95% CI

HER2 expression (TCs) 0.031 0.019

Low 1 (reference) 1 (reference)

High 2.501 1.090–5.743 2.729 0.076–6.332

IDO expression (TCs) 0.545 0.101

Low 1 (reference) 1 (reference)

High 0.772 0.334–1.786 1.988 0.876–4.514

Gender 0.350 0.054

Male 1 (reference) 1 (reference)

Female 0.576 0.181–1.833 0.283 0.078–1.024
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Table 4. Cont.

Overall Survival Disease-free Survival

P HR 95% CI P HR 95% CI

Age (years) 0.107 0.858

≤65 1 (reference) 1 (reference)

>65 2.036 0.858–4.833 1.079 0.470–2.476

Tumor stage 0.045 0.886

pT2 1 (reference) 1 (reference)

pT3–pT4 2.424 1.020–5.760 0.942 0.419–2.118

Radiation therapy after
surgery 0.744 0.505

No 1 (reference) 1 (reference)

Yes 0.867 0.369–2.039 0.766 0.350–1.675

* multivariate Cox regression analysis; HR, hazard ratio; CI, confidence interval; TC, tumor cell; IC, immune cell.

Figure 4. Kaplan–Meier survival curves of disease-free survival in 29 cases with post-operative
radiotherapy among 69 patients of pathologic tumor stage pT2–pT4 urothelial carcinoma of the bladder,
according to expression of HER2 in tumor cells, IDO in tumor cells, PD-L1 in tumor cells, and PD-L1 in
immune cells. (A) HER2; (B) IDO; (C) PD-L1 (TCs); (D) PD-L1 (ICs)).

4. Discussion

In this study, we evaluated the expression of HER2, IDO, and PD-L1 in 97 UCB cases. The three
proteins showed a correlation with tumor progression or patient outcome, although they did not
show the same trends for clinicopathological correlations. We demonstrated that PD-L1 expression
in ICs was significantly higher in pT2–pT4 than in pTa–pT1. Increased HER2 and IDO levels in TCs
of 69 pT2–pT4 cases were positively correlated with a shorter DFS period, and could be considered
potential factors in poor disease outcomes.

The roles of HER2 and IDO protein in cancer initiation or progression are still poorly understood.
The consistent association between the effects of anti-HER2 therapies and immune infiltration has been
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reported in breast cancer and supports that an anti-tumor immune response can modulate the effect of
anti-HER2 therapy [30,31]. In our study, the invasive UCB cancer cells showed a relatively reduced
expression of HER2 or IDO in comparison to the expression of reactive or dysplastic intraepithelial
urothelial cells. In pTa–pT1 UCBs, the expression of HER2 and IDO increased relative to that of
pT2–pT4, apart from that, in pT2–pT4 cases, increased expressions of the two proteins are associated
with reduced DFS expression. The altered expression of IDO or HER2 could be interpreted to be
a different phase or play a different role for cancer immunoediting to the immune response against
noninvasive UCB and invasive UCB [30,32,33]. Our data show a significant positive correlation
between the expression of PD-L1, CD43 and CD8 in ICs. It has been observed that there is higher
expression of CD43 and CD8 in lamina propria invasion in comparison to muscularis propria invasion.
Moreover, there was a tendency to have a reverse correlation between the expression of IDO and
HER2 in TCs and the expression of PD-L1, CD43 and CD8 in ICs. Cancer immunoediting describes
a complex mechanism between ICs and TCs and has three phases: elimination, equilibrium and
escape [34]. In the final escape phase, the expression of IDO in cancer cells inhibits the host immune
protection. Paradoxically, IDO is elevated upon various immune molecules of adaptive or innate
or tolerogenic immune cells. We speculate that elevated levels of IDO and HER2 in TC may reflect
a tumor microenvironment immune reaction. And those immune-evasive transformed cancer cells
may reduce IDO expression after down-regulation of immune response with a negative feedback
mechanism [30,33,35]. It is predicted that in early cancer development, the expression of IDO or HER2
is upregulated in the majority of cancer cells stimulated by various immune molecules, including
IFN-γ, IL-10, IL-27, CTLA4, TGF-β, cyclooxygenase-2 and prostaglandin E2, which are regulated by
tumor antigen level or tolerogenic tumor microenvironment [33]. In advanced invasive cancer, the two
proteins could be continuously expressed in a relatively reduced number of poorly immunogenic and
immune evasive transformed cancer cells, which can lead to a poor prognosis [34]. Therefore, a spatial
and periodic variety of cancer immunoediting phase could be in the same tumor mass.

In UCB, HER2 expression status has been evaluated since 1990, when overexpression of HER2
protein was first reported [36]. One study of high-grade UCB (pT2–pT4) ranked the HER2 gene
amplification as the third most significant in terms of associated genetic mutations [37]. Although the
first study on the relationship of HER2 expression with clinical outcomes is confounding, a meta-analysis
has indicated that its expression is associated with tumor grade, lymph node metastasis, and poor
prognosis in UCB [38]. Even so, recent studies have not produced encouraging results for HER2
targeted therapy as a strategy against UCB [39–41]. The major scientific reasons for the failure of
HER2 targeted therapy are a lack of standardization of HER2 testing and co-expression of other
immunomodulatory molecules [42]. To overcome the poor results achieved thus far with anti-HER2
therapy, it is necessary to identify correlations between HER2 and immune checkpoint proteins in UCB.
Our study reported that HER2 expression is marginally associated with IDO expression. To the best of
our knowledge, this is the first study to correlate HER2 and immunosuppressive molecules in UCB.

Anti-HER2 therapy has revolutionized the treatment of malignant tumors, especially overexpressing
breast cancer. Furthermore, with increasing concentrations of anticancer immunotherapy, the connection
between HER2 expression and antitumor immunity has emerged as a possible target for combined
oncological treatment. The whole-transcriptome profiling of HER2-positive breast carcinomas has
revealed a remarkable enrichment in immune pathways [43]. HER2-positive trastuzumab-sensitive
breast carcinomas have shown positive associations with chemokines involved in immune cell
infiltration of the tumor microenvironment and the expression of PD-1 ligands in tumor cells [16,44].
HER2 expression has recently been found to suppress antiviral defenses and antitumor immunity as
a result of HER2 signaling through its intracellular domain, which interferes with cyclic GMP-AMP
synthase-stimulator of interferon genes (cGAS-STING) pathway and prevents cancer cell death [45].
Therefore, innate and adaptive immune system responses are increasingly being acknowledged as
important regulators of the effects of HER2 targeted therapy [46,47]. Based on previous research, in this
study HER2 expression was scored in the cytoplasm as well as the cytoplasmic membrane to include
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the immune systemic function of the intracellular domain of HER2 signaling. Considering the role
of HER2 protein in interfering with antitumor immunity in the cytoplasm, the indications for HER2
targeted therapy are not limited to the cytoplasmic membrane expression of HER2 and we expect that
they may also be extended to HER2 protein expression in the cytoplasm of cancer cells.

IDO, also referred to as IDO1, is one of the cytosolic enzymes that catalyzes the initial and rate-limiting
steps of tryptophan to kynurenine [33,48]. IDO has been described as having immunosuppressive functions
on host immune surveillance of tumor cells, with a focus on its potential immunotherapeutic targets [49].
The role of IDO has been implicated in immune tolerance related to the suppression of T-cell responses
such as fetal tolerance, tumor resistance, chronic infections, and autoimmune diseases [50]. One study
delineated the action of kynurenine to promote apoptosis in murine bone marrow-derived neutrophils,
providing a possible mechanism for increased neutrophil accumulation in IDO-deficient mice [51]. Our
results show that IDO expression is correlated with increased ALC and decreased ANC. These findings
support previous studies on the immunomodulatory functions of IDO, although its effects or mechanisms
in tumor progression remain unclear. IDO expression in TCs showed a negative correlation with ANC
and positive correlation with ALC, while the PD-L1 expression in ICs was positively correlated with ANC
in the 97 UCB cases.

Recently, phase II and preliminary phase III studies have shown that the application of a PD-L1
inhibitor in metastatic platinum-refractory NSCLC and urothelial cancer resulted in a significant
improvement in the response rate and median overall survival [52]. Furthermore, PD-L1 tumor
expression has emerged as a biomarker for patient stratification in immunotherapy targeting for the
PD-L1/PD-1 pathway, particularly for NSCLC [53]. However, the prognostic impact of this molecule in
tumor tissue is still controversial in various cancers, such as NSCLC and head and neck squamous cell
carcinoma, because of the high discrepancies between PD-L1 expression and treatment outcomes [54,55].
Some studies have emphasized the significance of a comprehensive evaluation of PD-L1 expression on
tumor and immune cells because its expression in immune cells, but not tumor cells, is a favorable
prognostic factor for NSCLC and HNSCC [55–57]. However, our results show that PD-L1 expression
in ICs is a significant poor prognostic factor in UCB.

Radiotherapy induces a host immune response by exposing tumor-specific antigens that make
tumor cells detectable by the immune system, promoting the priming and activation of cytotoxic T
cells [58]. Furthermore, radiation may have an impact on the tumor microenvironment by facilitating
the recruitment and infiltration of immune cells [58–60]. Although radiotherapy acts as an in-situ tumor
vaccine, it may be insufficient to sustain long-term antitumor immunity, resulting in later relapse [61].
Therefore, there are many studies identifying correlations between molecular regulators of tumor
immune escapes and radio-resistance. PD-L1 positive cancer cells have been demonstrated to have
a radio-resistant phenotype, inhibiting T cell signaling and T cell-mediated immunogenic cell death [62].
HER2 activation is a potential mechanism that may compromise the outcome of radiotherapy [63,64].
Additionally, in vitro and in vivo experiments blocking PD-L1 and IDO alongside radiation have
successfully overcome rebound immune suppression [65,66]. Similarly, our data reveal that the
expression of HER2 and IDO are significantly associated with DFS in UCB treated with radiotherapy
after surgery (Figure 4).

5. Conclusions

The present study is the first to measure the expression levels of IDO, HER2, and PD-L1
and to analyze the correlation between these three proteins and clinicopathological values in UCB.
The expression of IDO and HER2 in TCs and PD-L1 in ICs were positively correlated with poor
prognostic factors in pT2–pT4 cases, including shorter DFS and OS periods or higher tumor stage. Our
results suggest that the expression of IDO, HER2, and PD-L1 are useful as predictive prognostic factors
and could potentially be utilized for the development of combined cancer immunotherapeutic strategies.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/5/1265/s1,
Table S1: Candidate genes associated with CD8+ T cell infiltration in urothelial carcinoma of the bladder., Table S2:
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Correlations of HER2, IDO, and PD-L1 expressions with hematologic parameters in 97 patients with urothelial
carcinoma of the bladder, Figure S1: Kaplan-Meier survival curves comparing the high and low infiltrating levels
of CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in urothelial carcinoma of the bladder.
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Abstract: It remains unclear how to implement the recently revealed basal and luminal subtypes of
muscle-invasive bladder cancer (MIBC) into daily clinical routine and whether molecular marker
panels can be reduced. The mRNA expression of basal (KRT5) and luminal (FOXA1, GATA3, KRT20)
markers was measured by reverse transcription quantitative real-time polymerase chain reaction
(RT-qPCR) and correlated to clinicopathological features, recurrence-free survival (RFS), disease-free
survival (DFS), and overall survival (OS) in 80 patients with MIBC who underwent radical cystectomy.
Additionally, the correlation of single markers with the basal and non-basal subtypes defined by a
36-gene panel was examined and then validated in the TCGA (The Cancer Genome Atlas) cohort.
High expression of FOXA1 (p = 0.0048) and KRT20 (p = 0.0317) was associated with reduced RFS.
In the multivariable analysis, only FOXA1 remained an independent prognostic marker for DFS
(p = 0.0333) and RFS (p = 0.0310). FOXA1 expression (AUC = 0.79; p = 0.0007) was closest to the
combined marker expression (AUC = 0.79; p = 0.0015) in resembling the non-basal subtype defined
by the 36-gene panel. FOXA1 in combination with KRT5 may be used to distinguish the basal and
non-basal subtypes of MIBC.

Keywords: FOXA1; GATA3; KRT20; molecular markers; mRNA; muscle-invasive bladder cancer;
PCR; urothelial carcinoma

J. Clin. Med. 2020, 9, 994; doi:10.3390/jcm9040994 www.mdpi.com/journal/jcm31



J. Clin. Med. 2020, 9, 994

1. Introduction

Urothelial carcinoma of the bladder (UCB) is the 10th most common cancer worldwide, with
an estimated 549,000 new cases and 200,000 deaths per year [1]. While the majority of patients
have non-muscle-invasive bladder cancer (NMIBC), approximately 25% of patients with UCB have
muscle-invasive bladder cancer (MIBC) or metastases at the time of diagnosis [2]. While radical
cystectomy and platin-based chemotherapy have remained the therapeutic standard for MIBC and
metastatic disease in the last few decades, the treatment and follow-up of MIBC continues to be very
challenging [3,4]. Radical cystectomy is associated with high rates of perioperative morbidity and
mortality [5], and approximately 50% of patients experience distant disease recurrence after cystectomy,
mostly within the first two years, although later recurrences have also been reported [6–8]. The median
survival of patients treated with cisplatin-based chemotherapy for metastatic disease ranges between
nine and 26 months [3]. The need for lifelong surveillance as well as high treatment costs result in UCB
being the most expensive cancer per patient from diagnosis to death in the US [9–11]. Given the high
costs and poor outcome of patients with UCB, there is a high demand for novel molecular markers to
improve diagnostics and serve as targets for new therapies.

In recent years, several independent groups have demonstrated the existence of distinct molecular
subtypes in UCB comparable to the molecular subtypes in breast cancer [12–16]. It was also shown that
these molecular subtypes were associated with different outcomes and responses to chemotherapy [15,
17]. While these findings bear great potential to improve the diagnostics and treatment of UCB in the
future, there are still many uncertainties. Based on genetic expression patterns, most groups defined
the basal and luminal subtypes of UCB by measuring the expression of hundreds of genes, which is
not conveyable into daily clinical practice because of the high cost and effort [12–16]. The identification
of relevant surrogate markers is necessary for the easy and feasible implementation of the molecular
subtyping of UCB into daily clinical routine, as is the case in breast cancer [18].

Moreover, the exact number and definition of clinically relevant subtypes remain unclear. A recent
consensus meeting agreed on the structure and features of a basal-squamous-like subtype, which is
characterized by the high expression of the keratins KRT5/6 and KRT14 as well as the low expression of
the transcription factors FOXA1 and GATA3 [19], which are suggested to drive luminal cell biology in
bladder cancer [20]. However, to date, there has been no agreement on the definition of other non-basal
subtypes or the markers necessary to define them.

Recently, using a 36-gene panel quantified by NanoString nCounter (NanoString Technologies
Germany GmbH, Hamburg, Germany) in patients with MIBC treated with radical cystectomy, we were
able to discriminate three prognostically distinct molecular subtypes (basal, luminal, and infiltrated) [21].
In an attempt to further reduce the required marker panel, we previously analyzed the prognostic
relevance of the mRNA expression of KRT5 and KRT20 as surrogate markers for the basal and luminal
subtypes of UCB, respectively [22,23]. However, it remains unclear if such a reduced marker panel
adequately mirrors subtypes defined by larger marker panels.

In the present study, we investigated the association of the mRNA expression of suggested
surrogate markers for the basal (KRT5) and luminal (FOXA1, GATA3, KRT20, androgen receptor
(AR)) subtypes of MIBC with clinical and pathological characteristics and survival. Furthermore, the
association of the surrogate markers with the subtypes defined by the previously established 36-gene
panel was examined with the intent to reduce marker panels for the non-basal subtypes [21].

2. Materials and Methods

2.1. Patient Population and Histological Assessment

In this study, we retrospectively analyzed tissue samples and clinical data from 80 patients with
MIBC (stage pT2–pT4) who were treated between 1998 and 2006 with radical cystectomy and bilateral
lymphadenectomy at the Department of Urology of the Medical Faculty Mannheim (Mannheim,
Germany). Only patients who were treated with curative intention were included. All patients with

32



J. Clin. Med. 2020, 9, 994

metastases (n = 7) or unresectable (n = 1) tumors at the time of diagnosis were excluded, leaving
a total of 73 patients to be included in this analysis. None of the patients received neoadjuvant or
adjuvant therapy. The median follow-up time was 24 months (range: 1–184 months). All patients gave
written informed consent. The study was approved by the relevant institutional review board at the
Medical Faculty Mannheim under numbers 2013-517N-MA and 2016-814R-MA. Hematoxylin-eosin
stained sections of the tumor samples were evaluated for pathological stage according to the 2010
TNM classification and were graded according to the common grading systems (WHO 1973, WHO
2016) by an experienced uropathologist (AH).

Expression data and clinicopathological information from the publicly available cancer genome
atlas network (TCGA) cohort were used for validation (n = 406) [14]. Only patients with MIBC
(T2–T4) were included, while all patients with no documented T or N stage and patients who received
neoadjuvant therapy were excluded, leaving a total of 365 patients to be included in the analysis. Based
on gene expression, the samples were clustered into five molecular subtypes (basal-squamous, luminal,
luminal-papillary, luminal-infiltrated, and neuronal) [24].

2.2. Assessment of mRNA Expression by RT-qPCR

A reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR)-based
assessment was used for the objective quantification of FOXA1, GATA3, and AR mRNA expression, as
previously described and performed with KRT5 and KRT20 [22,25]. In brief, RNA was extracted from
a single 10-μm section of formalin-fixed paraffin embedded (FFPE) routine tissue using a commercially
available bead-based extraction method (Xtract® kit; STRATIFYER Molecular Pathology GmbH,
Cologne, Germany). After a lysation and purification process, the nucleic acids were eluted and treated
with DNase I. After the DNA was digested, the RNA eluates were stored at −80 ◦C until use.

One-step RT-qPCR was applied for the relative quantification of the mRNA expression of
the genes of interest (FOXA1, GATA3 and AR) as well as the reference gene (Calmodulin 2
(CALM2)) by gene-specific TaqMan®-based assays using the SuperScript III PLATINUM One-Step,
quantitative RT-PCR System (Invitrogen, Karlsruhe, Germany) on a Stratagene Mx3005p system
(Agilent Technologies, Böblingen, Germany) with 30 minutes at 50 ◦C, two minutes at 95 ◦C, followed
by 40 cycles of 15 seconds at 95 ◦C and 30 seconds at 60 ◦C as described previously [22,25].

Forty amplification cycles were applied, and the cycle threshold (Ct) values of the genes of
interest and CALM2 for each sample were estimated as the mean value of the duplicate measurements.
Ct values were then normalized against the mean expression levels of CALM2 using the 40-ΔCt method
to ensure that normalized gene expression obtained by the test was proportional to the corresponding
mRNA expression levels.

A set of 36 genes was previously quantified in 28 patients of this cohort using standard nCounter
chemistry as previously described [21]. The nCounter assay was normalized using the geometric mean
of six reference genes (CALM2, RPL37A, B2M, TUBB, GAPDH, and G6PD) and six internal positive
controls, while negative background subtraction was conducted by eight negative internal controls,
as previously described. Based on gene expression, urothelial carcinomas were assigned to one of
three subtypes (basal, luminal, or infiltrated) [21]. Because of the small cohort size of 28 patients with
available data on expression of the 36-gene panel, the subtypes were dichotomized into basal and
non-basal subtypes.

The datasets for the TCGA cohort were downloaded as processed data from the open access
cBioPortal database (http://www.cbioportal.org/study?id=blca_tcga#clinical) provided by the Memorial
Sloan Kettering Cancer Center (New York, NY, USA). Gene expression analyses were based on
paired-end RNA-Seq analysis on an Illumina HiSeq. All RSEM (RNA-Seq by Expectation Maximization)
values were log2 transformed [24].
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2.3. Statistical Methods

Correlation between variables was investigated by Spearman’s rank correlation coefficient,
Wilcoxon/Kruskal–Wallis test, or Fisher’s exact test, whichever was appropriate. In addition, the cohort
was stratified into patients with high or low marker expression using the median mRNA expression
of KRT5, KRT20, FOXA1, GATA3, and AR as objective cut-offs. Recurrence-free survival (RFS),
disease-free survival (DFS), and overall survival (OS) were analyzed by the Kaplan–Meier method and
log-rank test. Univariable and multivariable analyses were performed by a Cox proportional hazards
regression model. Receiver operating characteristic (ROC) curve analyses were used to measure the
correlation between the markers and molecular subtypes.

Statistical analysis was performed with JMP SAS 13.0 (SAS Institute, Cary, NC, USA) or Graph
Pad Prism 5 (GraphPad Software Inc., La Jolla, CA, USA). All p-values were two-sided, and a p-value
<0.05 was considered to be significant.

3. Results

3.1. Association of the Surrogate Markers with Clinicopathological Features

The characteristics of the included patients are summarized in Table 1. The median mRNA
expression of all analyzed markers is shown in Figure 1.

Table 1. Patient characteristics of the Mannheim cohort.

Patient Characteristic n (%)

Tumor stage
T2 18 (24.7)
T3 43 (58.9)
T4 12 (16.4)

Nodal status
N0 44 (60.3)

N positive 29 (39.7)

Sex
male 54 (74.0)

female 19 (26.0)

Grade (WHO 1973)
G2 15 (20.5)
G3 58 (79.5)

Age
<70 47 (64.4)
≥70 26 (35.6)

Histology
Pure urothelial carcinoma 43 (58.9)

Histologic variants 30 (41.1)
Squamous cell 10 (13.7)
Sarcomatoid 7 (9.6)

Micropapillary 5 (6.9)
Small cell 3 (4.1)

Adenocarcinoma 2 (2.7)
Neuroendocrine 1 (1.4)

Nested 1 (1.4)
Plasmacytoid 1 (1.4)
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Figure 1. Distribution of normalized mRNA expression of KRT5, KRT20, FOXA1, GATA3, and androgen
receptor (AR) in the Mannheim cohort (** p < 0.01; *** p < 0.001).

Spearman correlation demonstrated a significant positive association of FOXA1 and GATA3 with
the luminal marker KRT20 (Figure 2). All three luminal markers showed a significantly negative
association with the basal marker KRT5. Moreover, AR also showed a significantly positive association
with all luminal markers, while the association between AR and KRT5 was negative.

 

Figure 2. Spearman correlation of all measured markers (* p < 0.05).

The Wilcoxon/Kruskal–Wallis test showed significant positive associations between grade and
both KRT5 (0.0388) and GATA3 (p = 0.0133). There were no significant associations with tumor stage,
nodal status, sex, or age.

3.2. Association of the Surrogate Markers with Survival

For survival analysis, the median mRNA expression levels of each marker were used as an
objective cut-off to stratify patients with high and low marker expression. Kaplan–Meier analysis
indicated that high KRT20 (p = 0.0317) and FOXA1 (p = 0.0048) expression was associated with
significantly reduced RFS. GATA3 (p = 0.0629) and KRT5 (p = 0.0513) were not significantly associated
with RFS. When analyzing the association with DFS and OS, only FOXA1 was significantly associated
with reduced DFS (p = 0.0186) (Figure 3), while KRT5, KRT20, and GATA3 showed no associations
with OS or DFS. AR mRNA expression showed no relevant associations with RFS, DFS, or OS.
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Figure 3. Kaplan Meier analysis for recurrence-free survival (RFS) (a), disease-free survival (DFS) (b)
and overall survival (OS) (c) based on FOXA1 mRNA expression within the Mannheim cohort.

In univariable Cox regression analysis, positive nodal status, tumor stage, and expression of
FOXA1 and KRT20 were associated with worse outcome (Tables 2–4). In the multivariable analysis, of
all examined markers, only FOXA1 remained an independent prognostic marker for DFS (p = 0.0333)
and RFS (p = 0.0310) (Tables 2–4). When analyzing patients with pure urothelial carcinomas (n = 43)
and patients with histologic variants (n = 30) separately, we found an improved survival for patients
with low FOXA1 expression and pure urothelial carcinomas but not histologic variants, which might be
attributed to the low number of 30 patients and high heterogeneity of the histologic variants (Figure S1).

Table 2. Univariable and multivariable Cox regression analyses for RFS (Recurrence-free survival),
accounting for all five analyzed markers and clinicopathological features.

Parameter
Univariable Multivariable

Hazard Ratio p-Value Hazard Ratio p-Value

Tumor stage
T3/4 vs. 1.6203 0.2156

T2

Nodal status
N+ vs. 2.8737 0.0027 2.4330 0.0146

N0

Sex
male vs. 1.0155 0.9698
female

Grade (WHO 1973)
G2 vs. 0.4709 0.8186

G3

Age
<70 vs. 0.8428 0.6454
≥70

KRT5
>median vs. 0.5081 0.0513
<median

KRT20
>median vs. 2.1233 0.0317 1.2927 0.5083
<median

FOXA1
>median vs. 2.7209 0.0048 2.2670 0.0310

<median

GATA3
>median vs. 1.9211 0.0629
<median

AR
>median vs. 1.6121 0.1670
<median

Multivariable analysis was performed only for significant parameters in univariable analysis (significant values
in bold).
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Table 3. Univariable and multivariable Cox regression analyses for DFS (Disease-free survival),
accounting for all five analyzed markers and clinicopathological features.

Parameter
Univariable Multivariable

Hazard Ratio p-Value Hazard Ratio p-Value

Tumor stage
T3/4 vs. 2.0330 0.0926

T2

Nodal status
N+ vs. 2.7727 0.0044 2.6057 0.0077

N0

Sex
male vs. 1.5435 0.2715
female

Grade (WHO 1973)
G2 1.1484 0.7558
G3

Age
<70 0.8833 0.7404
≥70

KRT5
>median vs. 0.6999 0.3072
<median

KRT20
>median vs. 1.3249 0.4235
<median

FOXA1
>median vs. 2.3617 0.0186 2.1946 0.0333

<median

GATA3
>median vs. 1.2429 0.5359
<median

AR
>median vs. 1.3717 0.3670
<median

Multivariable analysis was performed only for significant parameters in univariable analysis (significant values in
bold).

There was no association between FOXA1 expression and DFS in the TCGA cohort (Figure S2).

3.3. Correlation of Surrogate Markers with Molecular Subtypes Defined by Multigene Panels

In the Mannheim cohort, a total of 28 patients were clustered into three molecular subtypes (basal,
luminal, and infiltrated) according to the expression of a 36-gene panel previously quantified with
nCounter [21]. Because of the small cohort with available data on molecular subtypes, we dichotomized
the subtypes into basal and non-basal subtypes in the present study. The Mann–Whitney test showed
that FOXA1 (p = 0.0028) and KRT20 (p = 0.011) expression was significantly higher in the non-basal
subtype (Figure 4). The expression of KRT5 (p = 0.083) and GATA3 (p = 0.11) was not significantly
different between the two subtypes in the Mannheim cohort. In the TCGA cohort, all three luminal
markers had significantly higher expression in the non-basal subtype, while KRT5 was significantly
higher in the basal subtype (each p < 0.0001).
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Table 4. Univariable and multivariable Cox regression analyses for OS (Overall survival), accounting
for all five analyzed markers and clinicopathological features.

Parameter
Univariable Multivariable

Hazard Ratio p-Value Hazard Ratio p-Value

Tumor stage
T3/4 vs. 2.0601 0.0048 1.7819 0.1251

T2

Nodal status
N+ vs. 2.2720 0.0086 2.0806 0.0206

N0

Sex
male vs. 1.3586 0.3820
female

Grade (WHO 1973)
G2 vs. 0.7678 0.4590

G3

Age
<70 vs. 0.8253 0.5544
≥70

KRT5
>median vs. 0.7012 0.2408
<median

KRT20
>median vs. 1.1560 0.6334
<median

FOXA1
>median vs. 1.7986 0.0580
<median

GATA3
>median vs. 1.0844 0.7800
<median

AR
>median vs. 1.3104 0.3728
<median

Multivariable analysis was performed only for significant parameters in univariable analysis (significant values
in bold).

Using the median marker expression as the cut-off, ROC analyses showed a high but not significant
correlation of KRT5 with the basal subtype (AUC = 0.65; p = 0.097) in the Mannheim cohort. FOXA1
(AUC = 0.79; p = 0.0007) and KRT20 (AUC = 0.75; p = 0.0066) correlated significantly with the non-basal
subtype, unlike GATA3 (AUC = 0.65; p = 0.097). The use of all three luminal markers combined showed
no relevantly improved approximation to the non-basal subtype (AUC = 0.79; p = 0.0015) over the use
of KRT20 or especially FOXA1 alone. Validation in the TCGA cohort showed that the use of FOXA1
alone (AUC = 0.77; p < 0.0001) achieved a high approximation to the non-basal subtype, similar to the
use of all three markers combined (AUC = 0.79; p < 0.0001), while KRT5 achieved a close approximation
to the basal subtype (AUC = 0.75; p < 0.0001). To exclude the possibility that the high association of
KRT5 and FOXA1 with the basal and non-basal subtypes is mainly based on the central role of KRT5
and FOXA1 in the classification of subtypes using the 36-gene panel and the TCGA classification, we
applied the BASE47 signature, which does not include KRT5 and FOXA1 for defining subtypes, on
the TCGA cohort for validation [16]. This way, KRT5 and FOXA1 still showed a significantly higher
distribution in the basal and luminal subtype, respectively (Figure S3). Furthermore, there was still
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a high association between the basal subtype and KRT5 (AUC = 0.72; p < 0.0001) and the luminal
subtype and FOXA1 (AUC = 0.77; p < 0.0001).

Figure 4. Distribution of FOXA1, GATA3, KRT20, and KRT5 within the basal and non-basal subtypes
defined by a 36-gene panel within the Mannheim cohort showing significantly higher expression of
FOXA1 and KRT20 in the non-basal subtype.

4. Discussion

With the advent of molecular subtyping in UCB, researchers and clinicians are faced with several
problems, as was the case with molecular subtyping in breast cancer 15 years ago. First, apart from
a basal squamous-like subtype, no consensus on the number and essential characteristics of other
molecular subtypes has yet been reached [19]. As most groups have defined various numbers of
luminal-like subtypes, these differences in labeling, subclassification and marker expression have
hindered the general acceptance of these non-basal subtypes so far [12,14,16,21].

Second, it is necessary that subtypes are either prognostically or therapeutically relevant; otherwise,
they are useless for daily clinical routine. For instance, analogous to breast cancer, a claudin-low subset
of basal UCB was previously defined which demonstrated a similar outcome as regular basal UCB [16],
therefore being of no interest for clinical routine.

Third, the analysis of hundreds of genes per patient currently used by most groups for the definition
of their subtypes is too time-consuming and cost-intensive for easy transfer into a routine clinical
setting, which is why a small set of surrogate markers per subtype has to be determined. In breast
cancer, it was shown that the analysis of only four markers (estrogen receptor, progesterone receptor,
HER2, and Ki-67) is enough to make a valid therapeutically relevant molecular classification [18,26].
In addition, a recent study in prostate cancer showed that the status of the PTEN gene alone matched
a multigene panel to predict the risk of metastasis in patients treated with radical prostatectomy,
allowing for more cost-saving diagnostics [27].

By analogy to previous findings in breast and prostate cancer, the goal of the present study was
to identify surrogate markers for molecular subtypes with regard to their prognostic relevance and
concordance with subtypes defined by multigene panels. Given that there is consensus about the basal
subtype, we focused on non-basal subtypes. Therefore, we decided to analyze the mRNA expression

39



J. Clin. Med. 2020, 9, 994

of the two prominent luminal markers, FOXA1 and GATA3, together with the previously measured
luminal marker KRT20 and the basal marker KRT5 [22], alongside AR as a potential target associated
with the luminal subtype of MIBC [28].

Regarding the expression pattern, our results are in concordance with previous findings, as FOXA1
and GATA3 are strongly associated with KRT20 expression and show a negative association with
KRT5 [12,16]. As before, we found AR to be associated with the luminal subtype in MIBC [28].

When comparing single-marker analysis to the subtypes defined by the 36-gene panel, FOXA1
and KRT20 expression was significantly higher in the non-basal subtype than in the basal subtype.
Moreover, the analysis of only FOXA1 or KRT20 showed a similar high correlation with the 36-gene
panel when compared to the analysis of FOXA1, GATA3 and KRT20 combined. The use of FOXA1 alone
showed an almost identical AUC in the Mannheim (0.79) and TCGA (0.77) cohorts when compared
to the use of all three luminal markers together (Mannheim 0.79; TCGA 0.76). FOXA1 is known to
play a central role in urothelial differentiation. In addition, the low expression or loss of FOXA1 in
basal tumors was described in the development of squamous cell carcinoma in preclinical models
of bladder cancer, which is in concordance with the subtype association in the current study [29].
The nonsignificant correlation of GATA3 with the non-basal subtype and KRT5 with the basal subtype
in the Mannheim cohort might be attributed to the small sample size of only 28 patients for whom
the 36-gene panel results were available. The correlation of all markers with their respective subtype
was confirmed in the TCGA cohort. The current results indicate that the measurement of one of the
luminal markers, could be enough to determine a non-basal subtype, potentially allowing for more
cost-saving diagnostics in daily clinical routine.

When analyzing the prognostic relevance, high KRT5 showed a non-significant trend for prolonged
RFS, while FOXA1 was the only luminal marker that remained an independent prognostic marker for
reduced RFS when all markers were accounted for, which suggests that a combined analysis of all three
luminal markers does not provide any additional prognostically relevant information. These results
are in contrast to several previous studies that found the basal subtype to be associated with worse
outcome [15,17]. With regard to FOXA1 in particular, Yuk and colleagues reported higher FOXA1
expression to be associated with a positive prognostic outcome using immunohistochemistry on tissue
microarray slides [30]. One possible reason for this discrepancy might be the high percentage (41%)
of histologic variants within the analyzed Mannheim cohort, which are often associated with poorer
prognosis than pure urothelial carcinomas and demonstrate a higher expression of luminal markers
such as FOXA1 [20,31]. Furthermore, some studies show an association between the high expression
of luminal markers such as KRT20 and high tumor stage, grade and micrometastasis, which are known
to be associated with worse survival, which further indicates a luminal patient group with impaired
survival [32,33]. On the other hand, no prognostic relevance for any of the luminal markers could be
shown in the TCGA cohort. Tumor heterogeneity, which was not accounted for in the current study,
might also be a factor for these contradictory results [34]. Further studies are necessary to clarify the
prognostic role of molecular markers in MIBC.

Moreover, while the analysis of only one basal and one luminal marker seems to be enough to make
a valid distinction between the basal and non-basal subtypes, additional markers still might be necessary
for subclassification. In a comprehensive molecular analysis of MIBC within the TCGA cohort, Robertson
et al. were able to identify three distinct luminal subclasses, with the luminal and luminal-infiltrated
subtypes being associated with reduced survival compared to the luminal-papillary subtype [24]. All
three luminal subtypes showed comparable expression patterns of FOXA1, GATA3, and KRT20 but
differed with regard to FGFR3 mutations, lymphocytic infiltration, smooth muscle gene signatures, and
uroplakin expression. Differences in luminal subclasses were not accounted for in our current study.
The analysis of one or two additional markers (for instance, the epithelial–mesenchymal transition
(EMT) markers TWIST1 or SNAI1) might be enough to draw clinically relevant conclusions. Moreover, a
rare neuronal/neuroendocrine-like subtype associated with poor survival has previously been described
in approximately 5% of patients with MIBC [24,35]. These tumors are mainly characterized by the
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upregulation of genes of neuroendocrine origin, such as TUBB2B but can also express FOXA1 and
GATA3. Markers to distinguish these neuronal/neuroendocrine-like subtypes from luminal subtypes
still have to be defined.

As previously mentioned, with a total of 73 included patients, our cohort is relatively small
compared to other multicentric studies. On the other hand, given that this is a single center study,
we have exact information on treatment modalities, which is necessary to interpret the prognostic
relevance of markers, although some data on salvage therapies is missing due to the retrospective
nature of the study. However, this is also the case in the TCGA cohort, where no precise information
on the treatment modality is provided, rendering statements about prognosis even more difficult.

5. Conclusions

In conclusion, we were able to demonstrate that the measurement of only one of the prominent
luminal markers alongside KRT5 as the basal marker is enough to make a valid distinction between
the basal and non-basal subtypes and potentially draw prognostically relevant conclusions. Given
the closest concordance with subtypes defined by multigene panels as well as strongest prognostic
relevance, FOXA1 seems to be the marker best suited as a surrogate marker to distinguish the non-basal
subtypes from the basal subtypes. The measurement of FOXA1, GATA3, and KRT20 combined does
not provide any additional relevant information. However, additional studies are necessary to further
clarify the prognostic role of molecular markers in MIBC. Moreover, surrogate markers for the further
subclassification of the luminal subtype still have to be defined.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/4/994/s1,
Figure S1: Kaplan–Meier analysis for RFS, DFS, and OS based on FOXA1 mRNA expression within the Mannheim
cohort in patients with pure urothelial carcinoma and patients with histologic variants. Figure S2: Kaplan–Meier
analysis for disease specific survival based on FOXA1 mRNA expression within the TCGA cohort. Figure S3:
Distribution of normalized mRNA expression of FOXA1 within the basal and luminal subtypes defined by a
47-gene panel (BASE47) within the TCGA cohort.
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Abstract: Bladder cancer (BlCa) is a common malignancy with significant morbidity and mortality.
Current diagnostic methods are invasive and costly, showing the need for newer biomarkers.
Although several epigenetic-based biomarkers have been proposed, their ability to discriminate
BlCa from common benign conditions of the urinary tract, especially inflammatory diseases, has not
been adequately explored. Herein, we sought to determine whether VIMme and miR663ame might
accurately discriminate those two conditions, using a multiplex test. Performance of VIMme and
miR663ame in tissue samples and urines in testing set confirmed previous results (96.3% sensitivity,
88.2% specificity, area under de curve (AUC) 0.98 and 92.6% sensitivity, 75% specificity, AUC 0.83,
respectively). In the validation sets, VIMme-miR663ame multiplex test in urine discriminated BlCa
patients from healthy donors or patients with inflammatory conditions, with 87% sensitivity, 86%
specificity and 80% sensitivity, 75% specificity, respectively. Furthermore, positive likelihood ratio (LR)
of 2.41 and negative LR of 0.21 were also disclosed. Compared to urinary cytology, VIMme-miR663ame

multiplex panel correctly detected 87% of the analysed cases, whereas cytology only forecasted 41%.
Furthermore, high miR663ame independently predicted worse clinical outcome, especially in patients
with invasive BlCa. We concluded that the implementation of this panel might better stratify patients
for confirmatory, invasive examinations, ultimately improving the cost-effectiveness of BlCa diagnosis
and management. Moreover, miR663ame analysis might provide relevant information for patient
monitoring, identifying patients at higher risk for cancer progression.

Keywords: bladder cancer; methylation; biomarkers
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1. Introduction

Bladder cancer (BlCa) is one of the most incident cancers, ranking ninth in prevalence
worldwide [1,2]. In men, which are more prone to develop BlCa, it represents the second most
frequent urological malignancy after prostate cancer [1,2]. Moreover, it is expected that, by 2040,
the number of estimated new cases and cancer-related deaths will almost double the 549,393 newly
diagnosed cases and 199,922 deaths recorded in 2018 [1,2]. Most BlCa cases correspond to urothelial
carcinoma, generally presenting as non-muscle invasive BlCa (NMIBC), accounting for 75–80% of all
new cases, characterised by frequent recurrences and eventual progression to more aggressive, deeply
invasive and metastatic disease, or muscle-invasive BlCa (MIBC), an aggressive, locally invading
carcinoma, corresponding to 20–25% of all cases, with propensity for metastisation [3,4]. Haematuria
is the most common clinical sign of BlCa, although it also occurs in several common benign disease
such as urinary tract infections and non-infectious inflammatory conditions. Presently, BlCa diagnosis
generally involves cytoscopic examination, an expensive and invasive procedure, complemented
by urine cytology [5–7]. However, the latter has limited accuracy, particularly for identification of
low-grade papillary tumours, and the invasive nature of cystoscopic examination entails patient
discomfort and, in some cases, infection [5]. Moreover, because of the high incidence, recurrence
and progression rate, active long follow-up is required, making BlCa the costliest malignancy [8].
Thus, early, accurate and non-invasive BlCa detection is the determinant to improve both patients and
healthcare financial management.

Epigenetic changes, including DNA methylation, have been largely investigated for cancer
detection [9]. Owing to chemical and biological stability, DNA methylation-based biomarkers have
potential clinical applications in early cancer detection, diagnosis, follow-up and targeted therapies [10].
Previously, two independent DNA methylation-based biomarker panels have been reported as
promising tests for accurate early detection of BlCa [11,12]. In 2010, a three-gene panel comprised
GDF15, TMEFF2 and VIM methylation identified BlCa with 94% sensitivity and 100% specificity in
urine samples from 51 BlCa patients [11]. More recently, a panel testing the promoter methylation
of two microRNAs—miR129-2 and miR663a—identified urothelial carcinoma (from upper and lower
urinary tracts) with a sensitivity of 87.8% and specificity of 82.7% in 49 urine samples from patients
with urothelial carcinoma [12]. Furthermore, the same panels could discriminate BlCa from other
common genitourinary cancers (i.e., from kidney and prostate). Nonetheless, both studies used a
singleplex approach, and the ability of these tests to discriminate BlCa from common benign conditions
of the urinary tract with overlapping manifestations, especially inflammatory diseases, has not been
adequately explored, thus far. Indeed, inflammatory conditions of the urinary tract may negatively
impact the specificity of urinary-based biomarkers for BlCa detection, increasing false positive results
and entailing unnecessary complementary invasive tests [6,13,14].

Thus, we sought to assess whether the most promising markers in each published panel—miR-663a
(miR663ame) and Vimentin (VIMme)—might accurately discriminate BlCa from inflammatory conditions
in voided urine, allowing for the development of a multiplex test that could be used for early detection
in clinical practice.

2. Experimental Section

2.1. Patients and Tumour Sample Collection

Ninety-four primary BlCa tissue samples were obtained from a consecutive series of patients
diagnosed, treated with transurethral resection (TUR) or radical cystectomy, between 1994 and 2011,
and followed at Portuguese Oncology Institute of Porto (IPO Porto), Portugal (Table 1). Briefly,
tumour samples were obtained during surgery and immediately snap-frozen, stored at −80 ◦C and
subsequently macrodissected for tumours’ cells enrichment and cut in cryostat for DNA extraction.
Routine collection and processing of tissue samples allowed for pathological examination, classification,
grading and staging [15]. For control purposes, an independent set of 19 normal bladder mucosae
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(NB) samples were also collected from BlCa-free individuals (prostate cancer patients submitted to
radical prostatectomy) (Table 1).

Table 1. Clinical and histopathological characteristics of patients with bladder carcinoma (BlCa), normal
bladder mucosae (NB), healthy donors (HD) and inflammatory controls (IC).

Tissues
Urines

Testing Set Validation Sets

Clinicopaphological
Features

Bladder
UC

Normal Bladder
Mucosae

Bladder
UC

Healthy
Donors

Bladder
UC

Healthy
Donors (#1)

Inflammatory
Controls (#2)

Patients, n 94 19 27 24 100 57 174
Gender, n

Males 78 19 20 13 79 16 132
Females 16 0 7 12 21 41 42

Median age, yrs
(range)

69
(45–91)

63
(48–75)

69
(47–88)

45
(39–61)

68
(38–91)

49
(41–64)

64
(18–92)

Grade, n
Papillary, low-grade 34 n.a. 13 n.a. 51 n.a. n.a.

Papillary,
high-grade 33 n.a. 8 n.a. 26 n.a. n.a.

Invasive,
high-grade 27 n.a. 6 n.a. 23 n.a. n.a.

Invasion of
Muscular Layer, n

NMIBC 67 n.a. 19 n.a. 77 n.a. n.a.
MIBC 27 n.a. 8 n.a. 23 n.a. n.a.

#1—Validation Set #1; #2—Validation Set #2; yrs—years; n.a.—non applicable; NMIBC—Non-Muscle Invasive
Bladder Cancer; MIBC—Muscle Invasive Bladder Cancer, UC—Urothelial Carcinoma.

2.2. Urine Sample Collection and Processing

For the “Testing sets”, 27 voided urine samples (one per patient) were collected from BlCa patients,
diagnosed and treated between 2006 and 2016 at IPO Porto, as well as a set of 24 voided urine samples
from healthy donors (HD), also from IPO Porto, with no personal or familial history of cancer, used
as controls (Table 1). The “Validation sets” comprised: (1) 100 urine samples from BlCa patients,
diagnosed and treated between 2002 and 2016 at IPO Porto, and 57 urine samples from HD collected at
IPO Porto, and (2) an independent set of control urine sediments (n = 174) from patients diagnosed
with urinary tract inflammatory conditions (IC), diagnosed between 2008 and 2014 at the University
Hospital of Cordoba (UHC). All BlCa patients’ urines were obtained before treatment. Moreover, all
sets of samples were collected from different cohorts of patients. Informed consent was obtained from
patients and controls after approval from the ethics committees of IPO Porto and UHC (CES-IPO 019/08,
approval date: 16th January 2008). All urine samples were processed by immediate centrifugation at
4000 rpm for 10 min; the respective pellet was washed twice with phosphate-buffered saline (PBS) and
stored at −80 ◦C.

2.3. Nucleic Acids Isolation, Bisulfite Modification and Multiplex qMSP Analysis

DNA was extracted from frozen BlCa and NB tissues, and all urine sample sets, using a standard
phenol-chloroform protocol [16], and its concentration determined using a Qubit 3 Fluorometer
(Thermo Fisher Scientific, Waltham, MA, USA). Bisulfite modification was performed through sodium
bisulfite, using the EZ DNA Methylation-Gold™ Kit (Zymo Research, Irvine, CA, USA), according to
manufacturer’s protocol. For this, 1000 ng and 50 ng of DNA were converted for tissues and urine
sediments, respectively. Quantitative methylation levels were performed using Xpert Fast Probe Master
Mix (GRiSP, Porto, Portugal), and multiplex reactions were run in triplicates in 96-well plates using
an Applied Biosystems 7500 Sequence Detector (Perkin Elmer, Waltham, CA, USA), with Beta-Actin
(ACTB) as internal reference gene for normalization. Primer and probe sequences were designed using
Methyl Primer Express 1.0 and purchased from Sigma-Aldrich (St. Louis, MO, USA) (Supplementary
Table S1). Additionally, six serial dilutions (dilution factor of 5×) of a fully methylated bisulphite
modified universal DNA control were included in each plate to generate a standard curve. In each
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sample and for each gene, the relative DNA methylation levels were determined using the following
formula: ((target gene/ACTB) ×1000). A run was considered valid when previously reported criteria
were met [11].

2.4. Statistical Analysis

Differences in quantitative methylation values were assessed with the non-parametric
Mann-Whitney U (MW) and Kruskal-Wallis (KW) tests. Associations between age, gender, grade,
invasion of muscular layer and methylation levels were carried out using Spearman’s correlation,
MW or KW tests, as appropriate. For multiple comparisons, Bonferroni’s correction was applied in
pairwise comparisons.

Biomarker performance parameters, including sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), accuracy and positive and negative likelihood ratios (LR),
were estimated [17]. Receiver operator characteristics (ROC) curves were constructed by plotting
the true positive (sensitivity) against false positive (1-specificity) rate, and the area under the curve
(AUC) was calculated. The higher value obtained from the sum of sensitivity and 1-specificity in
each ROC-curve was used as cut-off to categorise samples as methylated or non-methylated. ROC
curves were constructed using logistic regression model for DNA methylation panel. Disease-specific
and disease-free survival curves (Kaplan-Meier with log rank test) were computed for standard
variables and for categorised genes’ promoter methylation status. A Cox-regression model comprising
all significant variables (univariable and multivariable model) was computed to assess the relative
contribution of each variable to the follow-up status. All two-tailed p values were derived from
statistical tests, using a computer-assisted program (SPSS Version 26.0, IBM, Armonk, NY, EUA) and
the results were considered statistically significant at p < 0.05. Bonferroni’s correction for multiple
comparisons was used when applicable.

3. Results

3.1. Methylation Analysis and Performance of the Multiplex Panel in BlCa Tissue Series

To confirm the previously published performance of miR663a and VIM promoter methylation
as BlCa biomarkers, tissue samples were tested. As expected, both miR663a and VIM were found
hypermethylated (76.6% and 94.4%, respectively) in most BlCa tissue samples, and methylation levels
were significantly higher compared to NB (p < 0.0001 and p < 0.0001, respectively) (Figure 1A). The two
genes independently performed well as BlCa detection biomarkers in tissues, with an AUC of 0.979
for VIMme (95% confidence interval (CI): 0.956–1.002, p < 0.0001), and of 0.897 for miR663ame (95% CI:
0.836–0.959, p < 0.0001). Moreover, in combination as multiplex panel, it accurately discriminated BlCa
from NB with 96.3% sensitivity and 88.2% specificity, corresponding to an AUC of 0.982 (Figure 1B;
Supplementary Table S2).

Figure 1. (A) Distribution of VIMme and miR663ame levels in normal bladder mucosae (NB; n = 19)
and bladder carcinoma (BlCa; n = 94) tissue samples. Mann-Whitney U test, **** p < 0.0001. Median is
represented by the red line. (B) Receiver operator characteristic (ROC) curve evaluating the performance
of the VIMme-miR663ame panel for the identification of BlCa in tissue samples. (AUC—Area under the
curve; CI—Confidence interval; ACTB—Beta-Actin; VIM—Vimentin).
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3.2. Methylation Analysis and Performance of Multiplex Panel in BlCa Testing Set

Paralleling the previous observations in tissues, miR663ame and VIMme levels were significantly
higher in BlCa urine samples than in those of controls (p < 0.0001 and p < 0.0001, Figure 2A), and the
multiplex panel discriminated BlCa from HD with 92.6% sensitivity and 90% NPV (Supplementary
Table S2), corresponding to an AUC of 0.83 (Figure 2B).

Figure 2. (A) Distribution of VIMme and miR663ame levels in the Testing Cohort, composed by
healthy donors (HD; n = 24) and bladder carcinoma (BlCa; n = 27) urine samples. Mann-Whitney
U test, **** p < 0.0001. Median is represented by the red line. (B) Receiver operator characteristic
(ROC) curve evaluating the performance of the VIMme-miR663ame panel for the identification of
BlCa in urine samples of the Testing Cohort. (AUC—Area under the curve; CI—Confidence interval;
ACTB—Beta-Actin; VIM—Vimentin).

3.3. Methylation Analysis and Performance of VIMme and miR663me Multiplex Panel for BlCa vs. HD

In line with the testing set results, a higher number of malignant samples disclosed significantly
higher VIMme and miR663me levels than HDs (p < 0.0001 and p < 0.0001, respectively) in the validation
sets (Figure 3A). ROC curve analysis confirmed a high discriminative ability of VIMme-miR663me

panel, with an AUC of 0.91 (Figure 3B). Indeed, the multiplex panel discriminated BlCa from HD
subjects with 87% sensitivity and 86% specificity (Table 2).

Table 2. Performance of VIMme-miR663ame panel for the detection of bladder cancer in Validation
Cohorts #1 and #2. (PPV—positive predictive value; NPV—negative predictive value).

Samples Biomarker Performance miR663ame-VIMme (%)

Validation #1

Sensitivity 87.0
Specificity 86.0

PPV 91.6
NPV 79.0

Accuracy 86.6

Validation #2

Sensitivity 80.0
Specificity 75.3

PPV 65.0
NPV 86.8

Accuracy 77.0

PPV—Positive Predictive Value; NPV—Negative Predictive Value.

Remarkably, the proportion of true positive cases detected by the VIMme-miR663me multiplex panel
was significantly higher than that of urine cytology (p < 0.001). Indeed, of 46 BlCa cases with valid urine
cytology results, only 19 were classified as positive, 17 as negative and 10 as “inconclusive/suspicious”,
corresponding to 41% sensitivity (Figure 4). Contrarily, the VIMme-miR663me multiplex panel correctly
identified 40/46 cases as BlCa, corresponding to an overall sensitivity of 87% (Figure 4). Importantly, 12
of 14 low-grade papillary carcinomas were accurately identified by VIMme-miR663me multiplex panel,
whereas cytology merely identified four cases.

49



J. Clin. Med. 2020, 9, 605

Figure 3. (A) Distribution of VIMme and miR663ame levels in the Validation Cohort #1, composed by
healthy donors (HD; n = 57) and bladder carcinoma (BlCa; n = 100) urine samples. Mann-Whitney U
(MW) test, **** p < 0.0001. Median is represented by the red line. (B) Receiver operator characteristic
(ROC) curve evaluating the performance of the VIMme-miR663ame panel for the identification of BlCa
in urine samples of the Validation Cohort #1. (C) Distribution of VIMme and miR663ame levels in the
Validation Cohort #2, composed by inflammatory controls (IC; n = 174) and bladder carcinoma (BlCa;
n = 100) urine samples. MW test, **** p < 0.0001. (D) ROC curve evaluating the performance of the
VIMme-miR663ame panel for the identification of BlCa in urine samples of the Validation Cohort #2.
(AUC—Area under the curve; CI—Confidence interval; ACTB—Beta-Actin; VIM—Vimentin).

Figure 4. Representation of the percentage of bladder cancer (BlCa) cases correctly identified with the
VIMme-miR663ame panel and a standard urine cytology analysis. Green circles represent positive cases,
grey circles represent negative/inconclusive cases.

3.4. Methylation Analysis and Performance of VIMme and miR663me Multiplex Panel for BlCa vs. IC

In urine samples, VIMme-miR663me levels discriminated BlCa from IC patients (Figure 3C), with
80% sensitivity, 75.3% specificity and, importantly, 86.8% NPV (Table 2), corresponding to an AUC of
0.836 (Figure 3D). Remarkably, a 2.86 Positive LR and a Negative LR of 0.21 were also disclosed by
VIMme-miR663me multiplex panel in this setting.
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3.5. Clinicopathologic Correlations and Survival Analyses

High-grade papillary BlCa showed significantly higher miR663ame levels than low-grade papillary
BlCa (p = 0.007), in tissue samples. The same was observed in urine samples from the validation set (p =
0.0072), a result which was extensive to VIMme (p = 0.0052) (Supplementary Figure S1). No additional
associations were disclosed between VIMme and miR663ame levels and other standard clinical variables,
including patients’ age and gender.

Follow-up data was available for 91 (out of 94) IPO Porto’s BlCa patients that provided tissue
samples. The median follow-up time was 66 months (range: 1–203 months). At the last follow-up
timepoint, 30 patients were alive with no evidence of cancer, 12 patients were alive with disease,
29 had deceased due to BlCa and 23 died from other causes. Univariable and multivariable Cox
regression analysis were performed, including the variables grade, invasion of muscular layer, gender
and age. As expected, a poor outcome was depicted for patients with higher grade and muscle invasive
BlCa (p = 0.001 and p < 0.0001, respectively) (Table 3). In the multivariate model for disease-specific
survival, miR663ame levels, higher grade and muscle invasion were independent predictors of outcome
(p = 0.04, p = 0.035 and p = 0.031, respectively; Table 3). Moreover, after categorization into NMIBC vs.
MIBC, tumours with higher miR663ame levels implied a 3.7-fold increased risk of cancer-related death
among patients with MIBC (95% CI: 1.32–10.25, p = 0.013; Supplementary Figure S2). Contrarily, no
associations were found for miR663ame or VIMme levels concerning disease-free survival.

Table 3. Cox regression models assessing the potential of clinical and VIMme and miR663ame levels in
the prediction of disease-specific survival for bladder carcinoma (BlCa) patients.

Disease-specific Survival Variables Hazard Ratio (HR) 95% CI for OR p

Univariate

Invasion of muscular layer 6.15 2.76–13.72 0.0001
Grade

PLG vs. PHG 15.59 2.03–119.94 0.008
PLG vs. IHG 32.83 4.31–250.06 0.001

Age 2.34 0.98–5.59 0.060
Gender 1.02 0.39–2.70 0.970

miR663a methylation ≤median 1.61 0.75–3.48 0.225
VIM methylation ≤median 1.07 0.50–2.28 0.861

Multivariate

Invasion of muscular layer 3.54 1.12–11.19 0.031
Grade

PLG vs. PHG 8.03 0.97–66.32 0.053
PLG vs. IHG 11.89 1.18–119.37 0.035

miR663a methylation ≤median 2.67 1.05–6.81 0.040
VIM methylation ≤median 1.12 0.51–2.42 0.783

CI—confidence interval; OR—odds ratio; PLG—papillary low-grade; PHG—papillary high-grade;
IHG—invasive high-grade.

4. Discussion

Bladder cancer is a major health concern worldwide, with an expected significant increase in
incidence and mortality within the next two decades [1,2]. Early detection is critical for adequate
management, aiming to reduce disease-specific mortality, as well as the economic burden imposed
by BlCa treatment and follow-up. Because currently available diagnostic tools require invasive
examination [13,14], development of non-invasive and less costly tests for early detection and
monitoring are likely to have a significant impact in clinical practice. Although several molecular
biomarkers, including epigenetic-based, have been developed for that end, discrimination of BlCa from
other urinary tract malignancies and, more importantly, from benign conditions causing haematuria,
including inflammatory diseases, remains a challenge. Indeed, most control samples used in biomarker
discovery studies, including our own, mostly comprise normal/healthy donors, disregarding the
fact that a biomarker-based test would be offered to an “at-risk” population, including patients
experiencing suspicious symptoms. Therefore, based on two previously published studies by our
research team [11,12], we tested whether a miR663ame and VIMme multiplex panel could accurately
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discriminate BlCa from normal individuals and those afflicted with inflammatory conditions of the
genitourinary tract.

Because both miR663ame and VIMme were previously assessed using two different “simplex”
multi-gene biomarker panels, we firstly tested miR663ame and VIMme in multiplex in a consecutive
series of primary BlCa tissue samples and normal urothelial mucosae to confirm those previous results.
Indeed, employing a multiplex reaction allows for downscaling the initial tissue/body fluid sample
requirements, but also the quantity of DNA required for each test [18]. Remarkably, as expected,
the miR663ame-VIMme multiplex panel discriminated BlCa from NB tissues with high sensitivity and
specificity (96.3% and 88.2%, respectively), confirming the previous observations for the two markers
separately [11,12]. In urine samples from the testing set, although the performance of the multiplex
panel was slightly inferior to that of tissues, 92.6% sensitivity and 90% NPV was reached. Indeed,
it should be recalled that a relatively small number of cancer cells are exfoliated into urine, which
are subsequently “diluted” among a larger population of normal-looking urothelial cells. Thus, the
tumour DNA content in urine is actually minute [19] and sensitivity over 90% should be regarded as a
very encouraging result. Furthermore, in the validation set, comprising a larger independent cohort,
specificity of the miR663ame-VIMme multiplex panel increased to 86%, further increasing the potential
usefulness of the test.

It should be emphasised, however, that the foremost aim of this study was to assess the multiplex
panel ability to discriminate BlCa from IC, since this panel is envisaged to be tested in an “at-risk”
population, including individuals complaining of haematuria, many of which will be found to harbour
urinary tract inflammatory conditions. Although, in this setting, sensitivity and specificity were
slightly reduced, NPV increased (86.8%), which is an important finding [20]. Indeed, it is expected that
among tested individuals, most will not have a neoplastic condition and, thus, the higher the NPV, the
larger the proportion of those subjects that will not be submitted to confirmatory, invasive, procedures,
supporting the good performance of the test in discriminating patients negative for malignant condition.
Importantly, an LR (+) of 2.86 and an LR (−) of 0.21 values were observed, indicating that a negative
result decreases by 30% the probability of misdiagnosis [17].

Despite the fact that several studies suggest various genomic mutations and/or proteins’ expression
deregulation as biomarkers for BlCa detection and prognostication [21], the search for novel epigenetic
biomarkers, mostly DNA methylation-based, for BlCa detection has been attempted by several research
teams, probably due to the stability of the markers and the possibility of high-throughput tests.
Although some of those previous studies report an apparently superior performance to the panel
reported herein, it should be recalled that in most cases the patients’ series were smaller, only healthy
donors were included as controls or these were comprised of a mixed group of healthy donors and
patients with diverse urological diseases, and/or did not use a multiplex approach, which might
impact in sample availability, testing time length and cost [22–28]. Roperch et al. proposed a three
gene multiplex methylation panel (HS3ST2, SEPTIN9 and SLIT2) combined with FGFR3 mutations
assessment, age and smoking-status at time of diagnosis in a multivariate model, for diagnosis of
NMIBC in urine samples, disclosing 97.6% sensitivity and 84.8% specificity, in a smaller control
cohort [29]. Nonetheless, this strategy might be more difficult to implement in clinical practice, since it
requires both mutation and methylation analyses, in which the multiplex is performed in two distinct
gene duplex reactions. Similarly, Dahmcke et al. proposed a six gene methylation panel (SALL3,
ONECUT2, CCNA1, BCL2, EOMES and VIM) combined with the mutational analysis of TERT and
FGFR3, for early detection of BlCa, in urine samples, comparing BlCa patients and patients with
gross haematuria [30]. Although this panel disclosed higher sensitivity (97%), specificity was similar
(76.9%) [30], and, once again, our test uses a single technique in a single reaction, requiring less amount
of sample, enabling shorter response time, reduced technical skills and lower cost.

Although urine cytology and UroVysionTM fluorescence in situ hybridization (FISH) assay are
the two most commonly used urine-based tests in daily practice, they present important limitations.
On one hand, UroVysionTM presents a not-negligible rate of false positive results; on the other hand,
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urine cytology has limited accuracy, especially in low grade tumours detection [6,31,32]. Although
no direct comparison can be done with UroVysionTM, the 91.6% PPV obtained for the multiplex
panel clearly demonstrates higher accuracy in identifying true positive BlCa cases. In the present
study, urine cytology reached 41% sensitivity, which was easily surpassed by the 86% displayed by
miR663ame-VIMme multiplex panel. Notwithstanding, urine cytology remains an easy-to-perform and
informative test, as it allows pathologists to have the first look at exfoliated neoplastic cells in urine.
Having that in mind, we propose an algorithm where a urine cytology and the miR663ame-VIMme

multiplex panel could be combined as first-line diagnostic tests in patients with common urinary
complaints, with the ultimate goal of reducing the number of unnecessary cystoscopies, which are
invasive, uncomfortable and costly procedures (Figure 5).

 
Figure 5. Proposed algorithm for the combination of urine cytology and VIMme-miR663ame panel
as a first-line diagnostic tests in patients with common urinary complaints. (TURBT—Transurethral
Resection of Bladder Tumour).

In this work, we further explored the prognostic ability of the gene methylation markers, aiming
to strengthen its clinical potential. Interestingly, survival analysis revealed that high miR663ame

levels independently predicted poor disease-specific survival in BlCa patients, especially those
with MIBC. Thus, the miR663ame-VIMme multiplex panel not only conveys diagnostic, but also
prognostic information.

Taking into account the promising results obtained, unveiling the putative biological relevance of
miR663a and VIM promoter methylation in bladder carcinogenesis may provide new important insights.
VIM encodes for vimentin, an intermediate filament characteristic of cells with mesenchymal phenotype,
not expressed in most normal epithelia (including urothelium), nor in most carcinomas [33]. VIM
de-novo expression or overexpression has been reported in various epithelial cancers, including those of
prostate [34], breast [35] and lung [36], associating with increased tumour growth and invasion. In these
instances, vimentin expression has been associated with epithelial to mesenchymal transition (EMT), a
biological process associated with tumour invasiveness [33]. Although VIM promoter methylation has
been proposed as a detection and/or prognostic marker for other malignancies, biological functions
are yet to be truly explored. Moreover, microRNAs have been extensively implicated in urological
malignancies [37]. Interestingly, a dual role has already been described for miR663a, having a tumour
suppressive activity in thyroid carcinoma [38] and glioblastoma [39], whereas an oncogenic function
was reported in prostate cancer [40] and osteosarcoma [41]. Additionally, miR663a’s downregulation
fostered cell proliferation by JunD overexpression in small-cell lung carcinoma [42], and HMGA2 in
hepatocellular carcinoma [43], while Transforming Growth Factor-1 (TGF-β1) [44] overexpression was
linked with invasion in the tumour type. Nevertheless, it should be recalled that not all biomarkers
require to have a relevant biological role in tumorigenesis.

Importantly, to assure accuracy and validity of the proposed methylation multiplex test, additional
validation by others, with larger sets of samples from prospectively collected data (from both BlCa and
inflammatory conditions) is warrant.
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5. Conclusions

In summary, we demonstrated that a miR663ame-VIMme multiplex panel accurately identifies
BlCa, allowing for precise identification of this common neoplasm in urine samples. Importantly, it
also discriminates BlCa patients from those with urinary tract inflammatory conditions, although
with inferior performance comparatively to healthy subjects. Thus, the implementation of this panel
might assist clinicians in better stratifying patients for confirmatory, invasive examinations, ultimately
improving the cost-effectiveness of BlCa diagnosis and management. Moreover, in the same analysis,
miR663ame analysis would identify patients at higher risk for cancer progression, further highlighting
the promise of this panel for patient monitoring.
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Abstract: Our aim was to illustrate our technique of sex-sparing (SS)-robot-assisted radical cystectomy
(RARC) in female patients receiving an intracorporeal neobladder (iN). From January 2013 to June
2018, 11 female patients underwent SS-RARC-iN at a single tertiary referral center. Inclusion criteria
were a cT ≤ 2 N0 M0 bladder tumor at baseline imaging (CT or MRI) and an absence of tumors in
the bladder neck, trigone and urethra at TURB. Baseline, perioperative, and outcomes at one year
were reported. The median operative time was 255 min and the median hospital stay was seven days.
Low-grade Clavien complications occurred in four patients (36.3%), while high-grade complications
were not observed in any. Seven patients (63.7%) had an organ-confined disease at the pathologic
specimen; nodal involvement and positive surgical margins were not detected in any of the cases.
At a median follow-up of 28 months (IQR 14–51), no patients developed new onset of chronic kidney
disease stage 3b. After one year, daytime and nighttime continence rates were 90.9% and 86.4%
respectively. Quality of life as well as physical and emotional functioning improved significantly
over time (all p ≤ 0.04), while urinary symptoms and sexual function worsened at three months with
a significant recovery taking place at one year (all p ≤ 0.04). Overall, 8 out of 11 patients (72.7%) were
sexually active at the 12-month evaluation. In select female patients, SS-RARC-iN is an oncologically
sound procedure associated with favorable perioperative and functional outcomes.

Keywords: bladder cancer; female; intracorporeal neobladder; outcomes; radical cystectomy; robotic;
sex-sparing

1. Introduction

Radical cystectomy (RC) with urinary diversion is the standard treatment for patients with
muscle-invasive (MI) and high-risk non-muscle-invasive (NMI) urothelial carcinoma of the bladder
and can offer an orthotopic neobladder (ON) diversion if technically and oncologically feasible [1].

Although bladder cancer (BCa) is more frequent among men, it remains the 17th most common
cancer in women worldwide, with approximately 74,000 new diagnosed cases each year [2]. Moreover,
women present an advanced stage at diagnosis more often, increasing the requirement of RC [3].
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In female patients, the standard surgical procedure is represented by anterior pelvic exenteration
including the removal of the bladder, ovaries, uterus, and anterior vaginal wall [1].

In this setting, when an ON is performed, the procedure can be associated with a considerable
rate of voiding symptoms [4,5]. In addition, sexual dysfunction derived from such a highly demolitive
surgical procedure is a key concern, especially in younger patients due to a significant impact on
health-related quality of life (HRQoL) [6].

The improvement of imaging modalities, an increased knowledge of pelvic structure anatomy
and function, and an advancement of surgical techniques have enabled less-destructive methods for
treating high-risk BCa.

In this scenario, various types of pelvic-organ-preserving techniques, usually named “sex-sparing”,
have been proposed [5], aiming at the preservation of neurovascular bundles, vagina, and uterus,
combining these techniques in order to optimize sexual and functional results without compromising
oncological outcomes.

Functional outcomes of sex-sparing (sex) RC are essentially based on surgical dissection planes,
with the sex-sparing approach being associated with the preservation of utero-vaginal hypogastric
plexus, while during standard RC only rectal hypogastric plexus is preserved [7].

The Bern group were the first to describe the feasibility of nerve-sparing RC and ON replacement in
female patients, highlighting the potential advantages which derive from preserving pelvic reproductive
organs and their nervous structures both in terms of continence and urinary retention [7].

However, a recent systematic review aiming at the evaluation of the advantages and disadvantages
of sexual-function-preserving RC and ON in female patients underlined the need for further and more
robust comparisons between sex and standard RC as existing data are still immature [5].

Notwithstanding, for well-selected patients, sparing female reproductive organs during RC can
be an oncologically safe procedure and can provide improved functional outcomes.

Accordingly, despite the widespread use of robot-assisted radical cystectomy (RARC), there is
a paucity of data concerning outcomes of sex-RARC with intracorporeal ON (iON) performed in
female patients.

In this paper we describe surgical steps of sex-RARC in female patients, highlighting differences
with the standard technique and anatomical details of preservation of the inferior hypogastric plexus
(IHP) and we report perioperative, pathologic, and functional outcomes.

2. Experimental Section

2.1. Patients

Our single-center Institutional-Review-Board-approved BCa database was queried for “Female”,
“RARC”, “iON”, and “Sex-sparing”. Overall, 11 patients were treated between January 2013 and June
2018, with a minimum one year of follow-up. Inclusion criteria were a cT ≤ 2 N0 M0 bladder tumor at
baseline imaging (CT or MRI) and an absence of tumors in the bladder neck, trigone, and urethra at
transurethral resection of the bladder tumor (TURB). Exclusion criteria included any contraindication
to ON. All subjects gave their written informed consent for inclusion before they participated in
the study.

2.2. Surgical Technique

2.2.1. Sex-Sparing Robot-Assisted Radical Cystectomy

The patient was placed in a steep Trendelenburg position, and a six trocars access was performed
as previously described [8].

Sex-RARC was performed replicating the principles of open technique described by Bhatta Dhar
et al. [7]. After an incision of the posterior peritoneum up to the round ligament, the ureters were
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identified and meticulously isolated with a “no-touch” technique. The umbilical artery, uterine artery,
superior and inferior vesical arteries, and vaginal branches were carefully prepared bilaterally.

Because the uterus was going to be spared, the peritoneum was incised at the level of the
utero-vesical junction in order to deflect the uterus and develop a vesico-vaginal plane between the
bladder and the anterior wall of the uterus. The vaginal wall dissection at the cervical level was
performed in the anterior plane of the vagina at the 2 and 10 o’clock position in order to preserve the
utero-vaginal and pararectal components of the IHP (highlighted in red and green colors respectively,
in the video), while in the standard technique the dissection is usually performed dorsolaterally at
the 4 and 8 o’clock position, preserving only the pararectal plexus and removing en bloc with the
specimen and the utero-vaginal components of the IHP. The superior and inferior vesical arteries and
veins were secured with Hem-o-lok clips (Teleflex, Wayne, PA, USA) and transected with LigaSure at
their origin from the internal iliac vessels, while the uterine arteries and the vaginal branches directed
to the paravaginal tissue were preserved. Both ureters were divided between Weck clips, and margins
were sent for frozen sections. Next, the Retzius space was approached. Endopelvic fascia was incised
very close to the bladder neck in order to reduce the risk of an accidental injury of neurovascular
paraurethral structures, which is crucial for both sexual and continence functionality. The urethra was
prepared and a sample was sent for frozen section. Bladder was secured in an endobag and extracted
through a 3-cm prepubic incision.

2.2.2. Pelvic Lymph Node Dissection and Intracorporeal Orthotopic Neobladder

A meticulous separate package extending pelvic lymph node dissection (PLND) was performed,
including obturator, internal, external, and common iliac nodes. Considering that superior hypogastric
plexus (SHP) is usually located just below the aortic bifurcation, ventrally to the sacral promontory,
presacral nodes are not removed. Moreover, lymphatic tissue medial to internal iliac arteries which is
in close contact with uterine and vaginal vessels and with uterine and vaginal plexus is usually spared.

After RC and PLND, intracorporeal Padua ileal neobladder was performed as previously
described [8].

2.3. Outcomes Evaluated

Collected demographic parameters were age, body mass index (BMI), gender, and American
Society of Anesthesiologists (ASA) score. Clinical variables were preoperative eGFR, preoperative
hemoglobin (Hgb), and neoadjuvant chemotherapy rate. Surgical outcomes reported consisted of
operative time, Hgb at discharge, hospital stay, and complications according to the Clavien–Dindo
system [9]. Pathological findings including pT stage, pN stage, histology, lymph node count, and the
positive surgical margin status were analyzed. Functional outcomes assessed were the last eGFR,
neobladder stones rate, the uretero-ileal strictures rate, and the need for intermittent self-catheterization.
Daytime and nighttime continence recovery probabilities were assessed over time. EORTC QLQ-C30
and EORTC QLQ-BLM30 questionnaires were adopted to assess HRQoL and urinary symptoms
respectively. Every item measured ranged in a score from 0 to 100. A Female Sexual Function Index
(FSFI) questionnaire was adopted for sexual function assessment [10]. Each of the six sexual domains
range in score from 0 to 6, with a maximum global score of 36. Questionnaires were administered at
baseline, and at 3 and 12 month follow-up.

As supplementary data, we reported preoperative perioperative, pathologic and functional
characteristics comparisons of sex-RARC and standard RARC cohorts.

2.4. Statistical Analysis

Descriptive analyses were used. Frequencies and proportions were reported for categorical
variables. Medians and interquartile ranges (IQRs) were reported for continuously coded variables.

The Kaplan–Meier method was performed to report daytime and nighttime continence recovery
probabilities. Continence rates were computed at 3, 6, 12 and 18 months after surgery.
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Differences between questionnaires’ domains scores evaluated at the baseline 3-month, and 1-year
follow-up were assessed with the Friedman test.

In the supplementary outcomes, comparison, continuous, and categorical variables were compared
with a Student’s t-test and a chi-square test respectively. The Kaplan–Meier method was performed to
compare daytime continence recovery probabilities between sex-RARC and standard RARC cohorts.
Continence rates were computed at 3, 6, 12, and 18 months after surgery and the log-rank test was
applied to assess any statistically significant differences between the two groups.

All p-values < 0.05 were considered statistically significant. Statistical analysis was performed
using SPSS v24 (IBM Corp., Armonk, NY, USA).

3. Results

Baseline and clinical features were reported in Table 1. Median operative time was 255 min (IQR
250–399). The median hospital stay was 7 days (7–12). Low-grade Clavien complications occurred
in four patients (36.3%) while high grade complications were not observed. Seven patients (63.7%)
had an organ-confined disease at the pathologic specimen; nodal involvement and positive surgical
margins were not detected in any case (Table 2).

All patients had a minimum follow-up period of one year. At a median follow-up of 28 months
(IQR 14–51), no patient developed a new onset of chronic kidney disease stage 3b. One patient reported
a neobladder stone formation, and one patient developed a ureteroileal anastomotic stricture and
required robotic reimplantation 18 months following surgery (Table 2).

One-year daytime and nighttime continence recovery probability were 90.9% and 86.4%,
respectively (Figure 1a,b). Three patients performed self-catheterization twice a day (early morning
and before night rest).

(a) (b) 

Figure 1. (a,b) Kaplan–Meier analysis reporting daytime and nighttime continence recovery
probabilities.

Table 1. Baseline and clinical characteristics.

Patients, n 11 Sex-Sparing RARC

Age, year, mean (±SD) 47.1 (13)
BMI, mean (±SD) 23.1 (3.3)
ASA score, n (%)

1 4 (36.4)
2 6 (54.6)
3 1 (9)
4 -

Preoperative eGFR, mL/min, mean (±SD) 84 (26.8)
Preoperative Hgb, g/dL, mean (±SD) 12.6 (1.9)
Neoadjuvant Chemotherapy, n (%) 4 (36.3)
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Table 2. Perioperative, pathologic, oncologic and functional outcomes.

Patients Sex-Sparing RARC (11)
Operative time, min, median (IQR) 255 (250–399)

Hgb at discharge, g/dL, median (IQR) 10.8 (9.1–11.9)
Hospital stay, days, median (IQR) 7 (7–12)

Complications, n (%) 4 (36.3)
Clavien Low grade (1–2) 4 (36.3)
Clavien High grade (≥3) 0 (0)

pT stage, n (%)
0, a, is 6 (54.6)

1 1 (9.1)
2 -
3 4 (36.3)
4 -

pN stage, n (%)
0 11(100)
1 -
2 -

Lymph node count, mean (±SD) 26.2 (14.3)
Positive surgical margins, n (%) 0 (0)

Follow-up, months, median (IQR) 28 (14–51)
1-Year recurrence-free survival, n (%) 11 (100)
1-Year cancer-specific survival, n (%) 11 (100)

1-Year overall survival, n (%) 11 (100)
Last eGFR, mL/min, mean (±SD) 79.2 (23.7)

Ureteroileal strictures, pts (%) 1 (9)
Neobladder stones, n (%) 1 (9)

Need for intermittent self-catheterization, n
(%) 3 (27.2)

Concerning the EORTC-QLQ-C30 questionnaire, global health status/quality of life, physical,
and emotional functioning items improved significantly over time (all p ≤ 0.04), while no differences
were observed in any other items evaluated (all p ≥ 0.10) (Supplementary Table S1, Figure 2).

According to the EORTC-QLQ-BLM30 questionnaire, specific for BCa, urinary symptoms worsened
at three months with a significant recovery at one year (p = 0.02). Accordingly, when matching the
baseline with 1-year scores, the values were comparable (p = 0.08) (Supplementary Table S2, Figure 2).

Finally, the FSFI global score and FSFI domains such as arousal, lubrication, orgasm, satisfaction,
and pain worsened over the first three months with a subsequent improvement at one year (all p ≤ 0.04).
Moreover, comparing baseline vs. 1-year scores, arousal and orgasm domains experienced a complete
recovery (p = 0.10 and p = 0.10, respectively), while lubrication, satisfaction, and pain domains, as well
as FSFI global scores, experienced a satisfying improvement but were statistically significantly lower
than baseline (all p ≤ 0.025) (Supplementary Table S3, Figure 3). Overall, 8 out of 11 patients (72.7%)
were sexually active at the 12-month evaluation.

As supplementary analysis, 36 standard RARC patients were compared with the sex-RARC cohort.
The two cohorts were homogeneous for all baseline, clinical, and pathological features (all p ≥ 0.14)
except for age, with sex-sparing patients being significantly younger (47.1 vs. 61.7 years, p < 0.001)
(Supplementary Tables S4 and S5).

Perioperative complications and hospital stay were comparable between groups (p = 0.25 and
p = 0.67 respectively) (Supplementary Table S5).
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(A) (B) 

(C) (D) 

Figure 2. Graphs showing EORTC-QLQ-C30 and EORTC-QLQ-BLM30 questionnaire items displaying
statistical significance according to the Friedman test. (A) Quality of Life/Global health status;
(B) Emotional functioning; (C) Physical functioning; (D) Urinary symptoms and problems

 
(A) (B) (C) 

(D) (E) (F) 

Figure 3. Graphs showing global Female Sexual Function Index (FSFI) and FSFI single domains
questionnaire displaying statistical significance according to the Friedman test. (A) FSFI; (B) Arousal;
(C) Lubrication; (D) Orgasm; (E) Satisfaction; (F) Pain.

With regard to functional outcomes, no significant differences were observed for the last estimated
glomerular filtration rate (p = 0.43), neobladder stone formation rate (p = 0.93), and 1-year incidence of
ureteroileal strictures (p = 0.67) (Supplementary Table S5). Daytime continence recovery probability
was significantly higher in the sex-sparing cohort (1-year rate 90.9% vs. 74%, log-rank p = 0.02)
(Supplementary Figure S1).
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4. Discussion

Functional outcomes among women undergoing RC have been poorly addressed in the
literature [11]. Urinary function is the most studied issue, although daytime and nighttime continence
rates range significantly across studies due to a heterogeneity of definitions for continence, different
inclusion criteria, and a lack of questionnaire adoption, as these are omitted in most studies [11].
In addition, Zahran et al. conducted a systematic review aiming to evaluate female sexual dysfunction
post RC and urinary diversion, considering it an important predictor of HRQoL post RC. According
to the 11 studies included, the most frequently detected sexual disorders were loss of sexual desire
and orgasm disorders (49% and 39%, respectively) [12]. Notwithstanding, the authors called for the
use of standardized tools in order to properly assess the outcomes of this technique from the patients’
perspective and reported poor evidence from the available literature. Moreover, no data were available
about RARC in females.

The concept of sex-RC in female patients was first introduced by the Bern team in 2007, when,
in select female patients with an absence of invasive cancer at the level of the trigone or dorsolateral
side walls of the bladder, they emphasized the functional advantages deriving from the preservation
of the utero-vaginal hypogastric plexus, which is usually sacrificed in the standard procedure [7].

These results were corroborated by meticulous cadaveric studies elucidating topographic anatomic
details of the nervous autonomic system in women, with their clinical nuances [13,14]. The SHP was
identified as a single anatomical complex located below the aortic bifurcation, ventral to the sacral
promontory. After the promontory, the SHP divides into right and left hypogastric nerves that more
caudally plunge into the inferior pelvic IHP, composed by utero-vaginal, vesical, and rectal plexus.

As expected, preservation of these neural structures has an impact on recovery of urinary
continence and on voiding function. Accordingly, data coming from gynecological studies report
intrinsic sphincter deficiency resulting from hysterectomy as a consequence of urethral denervation after
an extensive pelvic dissection [15,16]. Moreover, a pelvic autonomous nervous system affects all the
domains of sexuality, such as sexual desire, arousal, lubrication, orgasm, satisfaction, and post-RC sexual
dysfunction, often associated with pain disorders, such as dyspareunia, vulvodynia, and vaginismus,
each being a consequence of autonomic and nociceptive nerve injuries, and a shortening or a narrowing
of the vagina with an unavoidable negative impact on HRQoL [17].

In the literature, there are few existing series reporting sexual function results after sex-RC,
all of them with an open approach and most of them with a small number of patients and without
assessment of HRQoL through self-administered standardized questionnaires. Nandipati et al. focused
on preservation of the lateral walls of the vagina, in which are embedded nervous fibers directed to
the paraurethral tissue, involved in clitoral vascularization. In the small cohort of six women who
underwent the sex-sparing approach, 12-month FSFI remained stable, while it declined in the standard
RC group [18].

Furthermore, a significant improvement in all domains of the FSFI questionnaire has been reported
in 13 sex-sparing RC patients evaluated at Mansoura Urology Department, with daytime and nighttime
continence rates of 100% and 92%, respectively [19].

In this context, the EAU MIBCa Guideline Panel recently commissioned a systematic review
aiming to assess the effect of sexual-function-preserving surgical techniques on outcomes in women
receiving RC and ON substitution for BCa [5]. Sex-sparing approaches were found to be oncologically
safe in well-selected patients, with sexual function appearing to be improved among those women
undergoing gynecologic organ-preserving and nerve-sparing approaches. Nevertheless, most of
the studies analyzed were retrospective and only contained a small number of patients [5]. Hence,
according to EAU guidelines, data regarding sex RC in female patients are still considered immature
and it is not yet considered a standard treatment, but an option to be taken into consideration for
women highly motivated to preserve sexual function so long as strict oncologic inclusion criteria are
met [1]. In addition, though the oncological equivalence of open and robotic RC has been extensively
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assessed, [20–22] and the robotic approach has been widely adopted in the male sex-sparing counterpart
with excellent functional results [23], there are no reports on sex-RARC in female patients.

Hence, in this paper and in the accompanying video, we firstly described surgical steps of
sex-RARC in female patients and reported perioperative and functional outcomes of our initial
series with a minimum 1-year follow-up. In the video, we clearly highlight the differences with the
standard technique with special attention paid to the preservation of the utero-vaginal component of
the IHP. We strongly believe that robotic technology offers undebatable advantages in meticulously
following and dissecting the appropriate surgical planes since IHP fibers are usually embedded in
dense connective tissue, and consequently are not always easy to preserve. Despite the small cohort
(11 patients), the excellent continence results (daytime 90.9% and nighttime 86.4% at one year) and the
encouraging rate of sexually active patients (72.7% at one year) reflect the proper respect of the crucial
anatomical structures and reinforce the efficacy of sex-RC in properly selected women. In addition,
the oncological effectiveness with an absence of any recurrence corroborates our results.

Another important point of strength regarding the reliability of our results is our adoption
of standardized questionnaires to assess the quality of life, urinary symptoms, and sexual activity
(i.e., EORTC-C30, BLM30, and FSFI), which are rarely used in most studies. Moreover, the minimal
invasiveness of the robotic approach represents a further issue to consider when considering young
sexually and socially active women.

Furthermore, our technique may avoid devastating complications such as vaginal dehiscence and
evisceration which have been reported after minimally invasive radical cystectomy [24,25].

Nevertheless, the present paper is not devoid of limitations. The small sample size, the strict
inclusion criteria, and the need for advanced robotic surgical skills are significant limitations to a wide
reproducibility of these outcomes in daily practice. Finally, BCa recurrence usually occurs within two
years of radical cystectomy. In this respect, the follow-up duration might be inadequate.

5. Conclusions

In selected populations, sex-RARC-iN can be offered to female patients motivated to preserve
sexual function as an oncologically safe procedure, associated with favorable functional outcomes.
The meticulous anatomical preservation of utero-vaginal components of IHP represents the cornerstone
of a quick and effective recovery of physiological functions in terms of urinary continence and sexual
activity. A proper comparison of outcomes with the conventional RARC-iN technique requires properly
designed prospective randomized trials.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/2/577/s1.
Table S1. Health-related quality of life assessment (EORTC QLQ-C30 questionnaire). Table S2. Bladder-
cancer-specific quality of life EORTC QLQ-BLM30 questionnaire. Table S3. Female Sexual Function Index
(FSFI) questionnaire. Table S4. Baseline and clinical characteristics of sex-sparing and standard RARC. Table
S5. Perioperative, pathologic, and functional characteristics of sex-sparing and standard RARC. Figure S1.
Kaplan–Meier analysis comparing day-time continence recovery probabilities between sex-sparing and standard
RARC cohorts.
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Abstract: Clear cell adenocarcinoma (CCA) is a rare variant of urinary bladder carcinoma with a
glycogen-rich phenotype and unknown prognosis. Using the National Cancer Institute’s surveillance,
epidemiology, and end results (SEER) program database, we documented recent trends in incidence,
mortality, demographical characteristics, and survival on this rare subtype of urinary bladder cancer.
The overall age-adjusted incidence and mortality of CCA was 0.087 (95% confidence interval (CI):
0.069–0.107) and 0.064 (95% CI: 0.049–0.081) respectively per million population. In comparison
to non-CCAs, CCAs were more commonly associated with younger age (<60 years old, p = 0.005),
female (p < 0.001), black ethnicity (p = 0.001), grade III (p < 0.001), and higher AJCC 6th staging (p
< 0.001). In addition, CCA patients more frequently received complete cystectomy (p < 0.001) and
beam radiation (p < 0.001) than non-CCA patients. Our study showed a poorer prognosis of CCAs
compared to all other carcinomas of the urinary bladder (p < 0.001), accounted for by higher tumor
staging of CCA cases. This study adds to the growing evidence that glycogen-rich cancers may have
unique characteristics affecting tumor aggressiveness and patient prognosis. Additional mechanistic
studies are needed to assess whether it’s the excess glycogen that contributes to the higher stage
at diagnosis.

Keywords: glycogen; clear-cell adenocarcinoma; urinary bladder; SEER program database

1. Introduction

Glycogen, a multibranched polymer of glucose, serves as our body’s main form of carbohydrate
storage [1]. In the past decade, glycogen has become well-established that, in addition to its role in
maintaining metabolic homeostasis in normal cells, it also has a crucial role in promoting tumor growth,
especially under adverse conditions [2]. Under hypoxic conditions, which are commonly encountered
by tumors cells, expression of transcription factor HIF1α increases glycogen accumulation [3]. Cancer
cells have been shown to mobilize this excess glycogen via a p38α mitogen-activated protein kinase
pathway to fuel cellular proliferation and metastasis [4]. Glycogen has also been proposed to maintain
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the Warburg effect in tumor cells, providing a mechanism for survival during nutrient deprivation [5].
Furthermore, glycogen’s inability to metabolize glycogen through small molecule inhibitors was able
to induce apoptosis or senescence in tumor cells [6,7]. Altogether, cancer cells utilize glycogen as a
way to alter its metabolic programing in order to adapt to the adverse tumor microenvironment and
maintain tumor growth.

Aberrant glycogen deposits have been identified in tumors from multiple origins, including
cancers of the breast, kidney, uterus, lung, head and neck, bladder, ovary, skin, brain and colorectal
tumors [8–12]. They are often identified as “clear cell” due to the transparent and ovoid appearance
seen on histological staining. A poorer prognosis has been documented in clear cell carcinomas of the
kidney [13], uterus [14], ovaries [15] and breast [16]. However, due to the rarity of some these tumors,
the prognostic implications in other types of “clear cell” cancers remain unclear.

Clear cell adenocarcinoma of the urinary bladder (CCA) is a rare histological growth pattern first
reported by Dow and Young in 1968 [17]. These tumors contain sheets of uniform ovoid cells with
clear cytoplasm containing abundant glycogen [18,19]. Since there are no distinguishing symptoms of
CCA, diagnosis is based on histopathological identification of these characteristics. Due to its rarity,
information on the characteristics and prognosis of CCA have been limited to case reports, with less
than 50 cases reported to date [19–21]. The largest existing literature review was performed by Lu et al.,
consisting of 38 case reports [21]. The review supported surgical resection as initial treatment for CCA
and noted a possible increase in metastasis risk compared to urothelial carcinomas. However, the study
determined that the prognosis of CCA was unclear as longer follow up periods were needed to more
accurately assess survival characteristics [21]. No incidence and mortality data have been reported yet.

As the first large-scale study to date, we utilized the National Cancer Institute’s surveillance,
epidemiology, and end results (SEER) program database to conduct a retrospective assessment of
incidence, mortality, demographics, and survival for CCA. Based on the previous literature that has
shown a link between glycogen rich tumors and tumor aggressiveness [13–16], our study aimed to
assess whether similar prognostic outcomes exist for CCAs. Using 91 cases of CCA and 205,106 cases
of other urinary bladder cancers (non-CCA) obtained from the SEER Program database, we identified a
poorer prognosis attributed to higher staging at time for diagnosis for CCAs. Our study contributes to
the growing body of evidence revealing a possible link between glycogen and tumor aggressiveness.

2. Experimental Section

2.1. Data Source

The SEER Program is the National Cancer Institute’s authoritative source of information on cancer
incidence and survival capturing approximately 34.6% of the US population [22]. It is populated with
high quality population-based data from national cancer registries. Vital status is updated annually
and routinely undergoes quality-control checks.

2.2. Sample Selection and Coding

Age-adjusted incidence and mortality rates were calculated using the SEER*Stat Software (Version
8.3.6, National Cancer Institute, Bethesda, MD, USA) using all 91 cases of malignant cases of CCA of the
urinary bladder and 205, 106 cases of non-CCA from 2004 to 2015 from the SEER Program database [23,24].
Incidence and mortality were age-adjusted by standardizing to the 2000 United States Census population.
All other data collection and analysis were conducted as described previously [16,25]. We obtained the
November, 2015 submission [26] and November, 2017 submission [27] from the SEER Program database
and merged all identified cases of malignant cancers of the bladder identified by International Classification
of Diseases-O-3 (ICD-O-3) codes C67.0–C67.9 from January 2004 to December 2015. Carcinomas of the
bladder were determined based on the adapted classification scheme for adolescents and young adults.
Cases of clear cell adenocarcinoma were identified by ICD-O-3 code 8310.
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The following variables were collected and coded: AYA site recode, primary site, ICD-O-3
histology, age at diagnosis, sex, race, grade, American Joint Commission on Cancer (AJCC) 6th Edition
Staging, AJCC 6th Edition TNM system, survival months, vital status, bone metastasis at diagnosis,
brain metastasis at diagnosis, liver metastasis at diagnosis, lung metastasis at diagnosis, surgery, and
radiation. Cases of AJCC 6th stage 0a and 0is were merged and referred to as “stage 0”. Ta, Tis were
merged and referred to as “Ta/Tis”. T1, T1a, T1b, T1 NOS were merged and collectively referred
to as “T1”. T2, T2a, T2b, T2 NOS were merged and collectively referred to as “T2”. T3, T3a, T3b,
T3c, T3 NOS were merged and collectively referred to as “T3”. T4, T4a, T4b, T4 NOS were merged
and collectively referred to as “T4”. The surgery codes 10 (local tumor destruction), 20 (local tumor
excision), and 30 (partial cystectomy) were merged and collectively referred to as “local procedure/
partial cystectomy”. Surgical codes 50 (simple/total/complete cystectomy), 60 (complete cystectomy
with reconstruction), and 70 (pelvic exenteration) were combined, and collectively referred to as
“complete cystectomy”. Surgical codes 80 (cystectomy, NOS) and 90 (surgery, NOS) were combined
and collectively referred to as “surgery, NOS”. Detailed SEER database surgery codes are available at
(https://seer.cancer.gov/manuals/2018/appendixc.html). Cases diagnosed at autopsy or that could have
0 days of follow-up were excluded all analyses except for incidence and mortality calculations.

2.3. Statistical Analysis

All statistical analysis was carried out using the IBM SPSS Statistics software package (version 25,
International Business Machines Corporation, Armonk, NY, USA). The significance of incidence and
mortality trends were calculated using linear regression analysis. Differences in demographic and
clinical characteristics between CCA and non-CCA were determined using the Pearson’s chi-square
test. Median survival times were determined using the Kaplan–Meier method, and the significance was
determined using the log-rank test. Multivariable analyses of overall survival were conducted using
the Cox proportional hazards ratios (HR) model. Corresponding HR and 95% confidence intervals (CI)
were estimated from the model. Two-tailed p-values < 0.05 were considered statistically significant.

3. Results

3.1. Incidence and Mortality of CCA

To assess recent trends in the incidence and mortality of CCA, we queried all cases of CCA
from 2004 to 2015 in the SEER Program database. Over this period, the age-adjusted the incidence
of CCA was 0.087 individuals per 1,000,000 (Supplementary Table S1). Our analysis suggested a
downward trend in incidence over this period—a shift from 0.062 per 1,000,000 in 2004 to 0.057
per 1,000,000 individuals in 2015 with an annual decrease rate of 0.003. However, this trend was
non-significant (p = 0.178, Supplementary Figure S1A). We further assessed incidence separated by
gender (Supplementary Table S1). The incidence of CCA among female and males were similar, with a
slight female predominance—0.091 and 0.084 per 10,000,000 for females and males respectively from
2004 to 2015 (Supplementary Table S1).

The mortality rate from 2004–2015 was 0.064 individuals per 1,000,000 with an increasing trend of
0.002 per year. This trend was also non-significant (p= 0.477, Supplementary Figure S1B, Supplementary
Table S1). When separated by gender, male with CCA had higher mortality rate of 0.074 compared to
0.058 in females per 1,000,000 individuals (Table S1).

3.2. Demographics and Clinical Characteristics

To compare demographical and clinical characteristics of CCA to non-CCA cancers of the urinary
bladder, we utilized cases of malignant carcinomas of the urinary bladder from 2004, when AJCC
6th staging information became available, to 2015, the most recent data available at time of analysis.
We obtained 205,197 cases of malignant urinary bladder carcinoma. Of these, 91 cases (0.04%) were
identified as CCA. The median follow-up time was 19 months with 45 deaths in these CCA patients.

69



J. Clin. Med. 2020, 9, 138

Amongst 205,106 cases of non-CCA patients, the median follow-up time was 23 months, with 68,951
recorded deaths. The median age at diagnosis of CCA was 70 years old and median age at diagnosis
was 72 years old in non-CCA patients.

The demographical and clinical characteristics of the patient population are summarized in Table 1.
Our results showed that CCA patients were more likely to be younger age (<60 years of age; p = 0.005),
female (p < 0.001) and black (p = 0.001) than non-CCA patients. The larger proportion of female
patients is consistent with our incidence analysis. CCA patients also had higher grade (p < 0.001),
higher AJCC 6th staging (p < 0.001) including TNM staging (p values for T, N, M stage were p < 0.001,
p < 0.001 and p < 0.001, respectively). The primary site of tumor location was significantly different
between CCA and non-CCA patients (p < 0.001); CCA patients were more likely to have tumors in
the trigone of bladder, bladder neck and urachus, whereas non-CCA tumors appeared mostly in
the lateral wall of bladder. As expected with more advanced tumor staging, CCA patients showed
higher likelihood of brain (p < 0.001) and liver (p = 0.028) metastasis. However, very few cases with
metastasis were available; only a single case was available for brain metastasis and two cases for liver
metastasis. Furthermore, our data showed that non-CCA patients were more likely to receive fewer
radical treatments such as local procedure or partial cystectomy, while more CCA patients received
complete cystectomies (p < 0.001). The majority of non-CCA patients did not receive radiation, while a
greater number of CCA patients received beam radiation (p < 0.001).

Table 1. Demographical and clinical characteristics comparing clear cell adenocarcinoma to other
carcinomas of the urinary bladder.

Clear Cell Adenocarcinoma
(N = 91)

Non-Clear Cell
Adenocarcinoma (N = 205,106)

Count % Count % p-Value

Age 0–60 27 29.7 37,649 18.4 0.005
61+ 64 70.3 167,457 81.6

Sex Female 54 59.3 49,241 24.0 <0.001
Male 37 40.7 155,865 76.0

Race White 77 84.6 182,492 89.0 0.001
Black 13 14.3 11,519 5.6
Other 1 1.1 8588 4.2

Unknown 0 0.0 2507 1.2

Tumor primary site Trigone of bladder 9 9.9 12,765 6.2 <0.001
Dome of bladder 4 4.4 7213 3.5

Lateral wall of
bladder 6 6.6 41,041 20.0

Anterior wall of
bladder 5 5.5 4334 2.1

Posterior wall of
bladder 7 7.7 18,819 9.2

Bladder neck 10 11.0 6354 3.1
Ureteric orifice 4 4.4 7820 3.8

Urachus 1 1.1 310 0.2
Overlapping lesion of

bladder 13 14.3 21,112 10.3

Bladder, NOS 32 35.2 85,338 41.6

Grade Grade I 0 0.0 23,684 11.5 <0.001
Grade II 5 5.5 48,123 23.5
Grade III 22 24.2 35,849 17.5
Grade IV 25 27.5 59,477 29.0
Unknown 39 42.9 37,973 18.5
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Table 1. Cont.

Clear Cell Adenocarcinoma
(N = 91)

Non-Clear Cell
Adenocarcinoma (N = 205,106)

Count % Count % p-Value

AJCC 6th stage Stage 0 2 2.2 105,545 51.5 <0.001
Stage 1 22 24.2 46,332 22.6
Stage 2 28 30.8 23,463 11.4
Stage 3 9 9.9 8157 4.0
Stage 4 17 18.7 14,012 6.8

Unknown 13 14.3 7597 3.7

T stage Tis/Ta 2 2.2 105,545 51.5 <0.001
T0 0 0.0 91 0.0
T1 26 28.6 49,221 24.0
T2 35 38.5 28,776 14.0
T3 7 7.7 8046 3.9
T4 11 12.1 7713 3.8

Unknown 10 11.0 5714 2.8

N stage N0 70 76.9 189,973 92.6 <0.001
N1 2 2.2 3994 1.9
N2 6 6.6 3806 1.9
N3 1 1.1 166 0.1

Unknown 12 13.2 7167 3.5

M stage M0 75 82.4 193,071 94.1 <0.001
M1 11 12.1 7565 3.7

Unknown 5 5.5 4470 2.2

Bone metastasis a No 42 97.7 102,083 97.0 0.697
Yes 0 0.0 1432 1.4

Unknown 1 2.3 1698 1.6

Brain metastasis a No 41 95.3 103,393 98.3 <0.001
Yes 1 2.3 122 0.1

Unknown 1 2.3 1698 1.6

Liver metastasisa No 40 93.0 102,600 97.5 0.028
Yes 2 4.7 926 0.9

Unknown 1 2.3 1687 1.6

Lung metastasis a No 41 95.3 102,153 97.1 0.771
Yes 1 2.3 1327 1.3

Unknown 1 2.3 1733 1.6

Type of surgical
procedure No surgery 8 8.8 15,265 7.4 <0.001

Local
procedure/partial

cystectomy
60 65.9 170,325 83.0

Complete cystectomy 22 24.2 18,327 8.9
Surgery NOS 0 0.0 504 0.2

Unknown if surgery
performed 1 1.1 685 0.3

Type of radiation b None 67 85.9 160,440 94.6 <0.001
Beam radiation 9 11.5 7485 4.4
Other radiation 1 1.3 219 0.1

Unknown if radiation
received 1 1.3 1389 0.8

Bolded are statistically significant p-values when comparing between clear cell adenocarcinoma to other carcinomas
of the urinary bladder. NA—not applicable. a Variable only available for cases diagnosed after 2010. b Variable only
available for cases diagnosed before 2013.

3.3. Survival

The median survival for CCA patients was 34 months with 5- and 10-year survival rates of 41%,
30%, respectively. The median survival for non-CCA patients was 87 months, with corresponding
5- and 10-year survival rates of 61% and 44%, respectively (Figure 1, p < 0.001). Using multivariable
analysis accounting for age, sex, race, AJCC 6th stage, tumor grade, surgery, and radiation treatment,
survival for CCA patients was no longer significantly poorer than non-CCA patients (HR: 0.93; 95% CI:
0.69–1.255; p = 0.636, Supplementary Table S2 left half). However, when staging was removed from
same multivariable analysis, CCA survival remained significantly shorter than non-CCA patients (HR:
1.435, 95% CI: 1.064–1.936, p = 0.018, Supplementary Table S2 right half). Therefore, the histological
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subtype CCA is not an independent prognostic factor for survival, but instead, it is the more advanced
staging in CCA patients accounts for the survival difference between CCA and non-CCA patients.

 
Number at Risk. 

Survival months 0 24 48 72 96 120 
CCA 205,106 100,972 63,338 35,862 15,121 0 

Non-CCA 91 39 19 9 4 0 

Figure 1. Kaplan–Meier curve and risk table of clear cell adenocarcinoma in comparison to other
carcinomas of the urinary bladder.

To further confirm our finding that the worse prognosis is attributable for the higher staging,
we stratified our CCA cases according to AJCC 6th staging and compared survival in patients with
non-muscle invasive (AJCC 6th stage 0 and I), muscle-invasive (AJCC 6th stage II and III) and metastatic
(AJCC 6th stage IV) pathology. As suspected, when stratified by non-muscle invasive, muscle-invasive,
and metastatic cases, the survival durations were no longer significantly different between CCA and
non-CCA cases (Table 2, p = 0.654, p = 0.653, p = 0.091 respectively).

Table 2. Survival comparison between clear cell adenocarcinoma and other urinary bladder cancers
stratified by stage.

Median Survival 95% Confidence Interval

Lower Bound Upper Bound p-Value

Non-muscle invasive
(Stage 0–1) Non-CCA 119 0.654

CCA
Muscle invasive

(Stage 2–3) Non-CCA 25 24.263 25.737 0.653

CCA 32 16.308 47.692
Metastatic (Stage 4) Non-CCA 9 8.736 9.264 0.091

CCA 18 13.315 22.685

Moreover, when surgical procedure was assessed in each subgroup of patients stratified by
staging, a significant difference in the survival of muscle-invasive CCA patients was observed. Patients
receiving total cystectomy showed significantly greater survival probability than those receiving
local procedures or partial cystectomy (p = 0.028, Figure 2A). However, for metastatic cases, no
survival difference was observed based on surgical treatment received (p = 0.269, Figure 2B). Survival
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comparisons for non-muscle invasive cases were unable to be conducted due to the large number of
censored events, i.e., patients that did not die during the follow-up period.

Number at Risk (A) 

Survival months  0 24 48 72 96 
Local + partial cystectomy 24 9 3 0 0 

Total cystectomy 13 7 3 1 0 

Number at Risk (B) 

Survival months  0 24 48 72 96 
No surgery 4 1 1 0 0 

Local + partial cystectomy 7 0 0 0 0 
Total cystectomy 6 2 1 1 0 

P = 0.028 P = 0.269 

Figure 2. Kaplan–Meier curves and risk tables demonstrating survival for (A) muscle invasive cases of
CCA defined by AJCC 6th stage II and III and (B) metastatic CCA cases defined by AJCC 6th stage IV.

4. Discussion

Using the SEER program database, we documented incidence, mortality, demographics, and
survival on a rare subtype of urinary bladder cancer. We identified that CCAs were more commonly
associated with younger age, higher grade, female gender, black ethnicity, and have a higher risk
of brain and liver metastasis. Although it was not present in any of the cases reported in the SEER
program database, bone metastasis in CCAs has been reported in several previously published case
reports [28,29]. The most common location of CCA identified from our study was from trigone and
bladder neck. This finding is consistent with previous reviews that also documented these as common
tumor locations [21,28]. More importantly, our study showed a poorer prognosis of CCAs compared
to all other carcinomas of the urinary bladder attributable to the higher tumor staging of the CCA
cases. The poorer prognosis was irrespective of age, sex, race, grade, surgery and radiation treatment.
In muscle invasive cases of CCA, type of surgical treatment was a significant factor in determining
survival—There was improved survival when treated with complete cystectomies, which is consistent
with standard of care for carcinomas of the urinary bladder [30].

The capability for glycogen to enhance tumor survival in adverse conditions may result in a
faster invasion of CCA, hence, higher staging at diagnosis. Glycogen stores provide an excess glucose
supply that can be utilized in the hypoxic conditions of tumor microenvironment [7]. The glycogen
breakdown also generates nucleotides critical for cell proliferation such as NAPDH, an essential
reducing agent, through the pentose phosphate pathway [7]. Furthermore, the glycogen shunt has been
proposed to sustain the Warburg effect, a phenomenon that causes cells to use glucose in glycolysis
instead of oxidative phosphorylation even in presence of plentiful oxygen in cells [31]. During
periods of decreased glucose availability, the glycogen shunt sustains the production of glycolytic
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intermediates and ATP through the Warburg effect, hence maintaining tumor growth in nutrient
deprived conditions [5].

Recently, the glycogen debranching enzyme amylo-α-1, 6-glucosidase, 4-α-glucanotransferase
(AGL) was shown to have tumor suppressor functions in a model of urothelial bladder cancer [32].
Loss of AGL increased tumor growth in vitro and in xenografted tumors accompanied by an increase in
abnormal glycogen structures (limit dextrin) and decrease in normal glycogen. The study also showed
an increase in aerobic glycolysis and increased lactate, consistent with a shift towards the Warburg
effect. Similar to our results, patients with reduced AGL expression was also associated with a decrease
in overall survival, but was no longer predictive of survival when examined in a multivariate model
that included age, sex, stage, and grade [32]. The similarities of our findings in CCA suggest that the
manipulation of glycogen accumulations in urothelial bladder tumors may induce characteristics that
mimic CCA.

While most urinary bladder cancers are male predominant [33], it was an interesting finding that
CCA seemed to have a female predominance. The higher proportion of female patients supports a
possible mullerian origin of CCA which has been previously proposed due to its association with
endometriosis and histological resemblance to clear cell cancers of female genital tract [19,34]. Moreover,
it is well known that females with urinary bladder cancers are generally diagnosed with more advanced
disease and have poorer prognosis than males [33,35]. However, our findings suggested that it was
CCA males instead who had higher mortality than females. Collectively, the gender disparity between
CCA and other urinary bladder cancers suggest that CCA is an entity with differing characteristics
to other urinary bladder cancers. More mechanistic and clinical studies are needed to improve our
understanding of how gender and its associated factors relate to CCA pathology and prognosis.

At this time, no tailored therapy exists for CCA. Patients typically undergo some form of surgical
resection such as transurethral resection, total cystectomy, partial cystectomy or radical surgery
accompanied by chemotherapy and/or radiation [30]. Our study suggests that those with muscle
invasive disease had survival benefit from total cystectomy rather than partial cystectomy, although
prospective studies are needed to confirm these findings. Further understanding of cancer glycogen
metabolism may help us with new avenues of tailored disease treatment. No information with regards
to chemotherapy treatment was included in this manuscript due to a lack of reliable data in the SEER
program database at this time.

5. Conclusions

As the first large-scale study to date, we assessed the incidence, mortality, demographical/clinical
characteristics, and survival of CCA, a rare, glycogen-rich variant of urinary bladder cancer. We
found a poorer prognosis of CCAs compared to all other carcinomas of the urinary bladder that was
attributable to the higher staging of these tumors. However, the limitations of the study include the
retrospective study design, small number of cases of interest (i.e., CCA) in comparison to control cases
(i.e., non-CCA), and reliability of the SEER program database. Additional prospective clinical studies
are needed to confirm these findings. Mechanistic studies that assess signaling pathways linking
glycogen and rate of tumor growth would be beneficial for improving the understanding of the link
between glycogen and poorer patient prognosis, and help to identify novel, targeted therapies for
these glycogen-rich cancers.
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Table S1: Incidence and mortality of clear cell carcinoma of the urinary bladder from 2004–2015 per million
population, Table S2: Multivariable analysis of survival for all urinary bladder patients, Figure S1: (A) Incidence of
clear cell adenocarcinoma per million individuals in the US population. (B) Mortality of clear cell adenocarcinoma
per million individuals in the US population.
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Abstract: During robot-assisted radical cystectomy (RARC), specific surgical conditions (a steep
Trendelenburg position, prolonged pneumoperitoneum, effective myoresolution until the final stages
of surgery) can seriously impair the outcomes. The aim of the study was to evaluate the incidence
of postoperative nausea and vomiting (PONV) and ileus and the quality of cognitive function at
the awakening in two groups of patients undergoing different reversals. In this randomized trial,
patients that were American Society of Anesthesiologists physical status (ASA) ≤III candidates
for RARC for bladder cancer were randomized into two groups: In the sugammadex (S) group,
patients received 2 mg/kg of sugammadex as reversal of neuromuscolar blockade; in the neostigmine
(N) group, antagonization was obtained with neostigmine 0.04 mg/kg + atropine 0.02 mg/kg.
PONV was evaluated at 30 min, 6 and 24 h after anesthesia. Postoperative cognitive functions and
time to resumption of intestinal transit were also investigated. A total of 109 patients were analyzed
(54 in the S group and 55 in the N group). The incidence of early PONV was lower in the S group but
not statistically significant (S group 25.9% vs. N group 29%; p = 0.711). The Mini-Mental State test
mean value was higher in the S group vs. the N group (1 h after surgery: 29.3 (29; 30) vs. 27.6 (27; 30),
p = 0.007; 4 h after surgery: 29.5 (30; 30) vs. 28.4 (28; 30), p = 0.05). We did not observe a significant
decrease of the PONV after sugammadex administration versus neostigmine use. The Mini-Mental
State test mean value was greater in the S group.

Keywords: anesthesia recovery periods; bladder cancer; cognitive impairment; gamma-cyclodextrins;
neuromuscular blockade; robotic radical cystectomy

1. Introduction

The diffusion of robot-assisted laparoscopic techniques has made it possible to perform surgical
procedures with greater precision, and has reduced the need for transfusions, postoperative
complications and hospitalization time [1]. In particular, robot-assisted radical cystectomy (RARC)
has rapidly spread as the gold standard in the treatment of urothelial tumors, becoming a credible
alternative to open cystectomy which is burdened by a high rate of complications [2].
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Due to the particular surgical conditions and because of its recent application, there still are many
anesthetic implications that must be examined thoroughly—patients have to satisfy specific clinical
requirements, identified through careful anesthesiologic assessments [3].

During RARC, the anesthesiologist must be prepared to manage any hemodynamic,
cerebrovascular and respiratory changes resulting from the surgical conditions that the robotic
procedure requires, such as the prolonged use of pneumoperitoneum, the steep Trendelenburg position
in which the patient is placed, and the lengthening of surgical times [4]. In addition, an effective
myoresolution until the final stages of surgery is necessary to establish ideal surgical conditions [5] and
the factors that can impair the quality and time of awakening [6]. To overcome this effect, a reversal of
neuromuscular blockade (NMB) is routinely used in our clinical practice.

Currently, the effectiveness of the rocuronium/sugammadex combination for the reversal of the
NMB has been widely demonstrated in terms of time and quality of neuromuscular and respiratory
functions [7,8].

Neostigmine has been associated with an increased incidence of postoperative nausea and
vomiting (PONV), although there is no definitive agreement on the need to avoid its use to reduce
the incidence of PONV [9]. On the other hand, neostigmine has an important muscarinic effect
on gastrointestinal (GI) receptors, and, by increasing the availability of acetylcholine, increases the
GI motility.

In our study, we investigated if the use of a different kind of NMB reversal can influence the
early postoperative period after a prolonged major surgery, such as RARC, affected by alterations
on mechanical ventilation, cerebral perfusion, and vascular resistances [10]. Our aim is particularly
focused on PONV and ileus, with attention to the recent collective effort to build an enhanced recovery
after surgery (ERAS) path applicable specifically in the interventions of RARC [11].

The hypothesis is that the continuous infusion of rocuronium followed by sugammadex
administration as NMB reversal in patients undergoing robotic radical cystectomy can improve
the quality of awakening in terms of postoperative outcomes and cognitive function, compared to use
of neostigmine as reversal.

The primary end point was to compare the incidence of PONV. Secondary end points were
postoperative cognitive functions and time to resumption of intestinal transit (ROI).

2. Experimental Section

A mono-center prospective, two-arm parallel, randomized trial was conducted at the IRCCS
Regina Elena National Cancer Institute. The study was approved by the Central Ethics Committee
Lazio1, in May 2017, with Protocol n. CE/2288/17, and registered with ClinicalTrial.gov identifier
NCT03144453. The clinical investigation was conducted according to the principles expressed in the
Declaration of Helsinki.

2.1. Patients and Procedures

American Society of Anesthesiologists physical status (ASA) ≤III patients, candidates of RARC for
bladder cancer, were enrolled after having given written informed consent. The exclusion criteria were
age<18 years, inability to provide informed consent, BMI>30, and a history of cerebrovascular diseases.

Patients were randomly divided into two treatment groups by an operator who is not directly
involved in the study using a specific dedicated software, developed in-house by a GW Basic (Microsoft
Corporation, USA) programmer, which generates an assignment code verified immediately before
arrival in the operating room. Surgeons were blinded to the intervention and blinded observers
recorded the outcome.

In both groups, all patients were premedicated with midazolam 0.02 mg/kg and received
dexamethasone 8 mg for anti-emesis. General anesthesia was induced with fentanyl 3–5 g/kg,
propofol 2 mg/kg and a bolus of rocuronium 0.7 mg/kg was administered. After tracheal intubation,
anesthesia was maintained with a mixture of sevoflurane/oxygen/air, adjusted to provide an end-tidal
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sevoflurane of 1.5–2 vol.%, remifentanil was adapted according to a target-controlled infusion (TCI)
range of 2–4 ng/mL. Curarization started with rocuronium 5 g/kg/min and was set to maintain the
post-tetanic count between 1 and 2. At the end of surgery, after skin closure, neuromuscular function
was allowed to recover spontaneously and, at reappearance of the second twitch (T2), patients received
a NMB reversal.

In the sugammadex group (S group), at T2 reappearance, patients received 2 mg/kg of sugammadex.
In the neostigmine group (N group), at T2 reappearance, antagonization was obtained with the

standard NMB reversal agent: neostigmine 0.04 mg/kg and atropine 0.02 mg/kg to block the peripheral
muscarinic side-effects of neostigmine.

All patients were extubated when the train-of-four (TOF) ratio was 0.9 or higher.
Nasogastric tube was removed after surgery, before the awakening.
In both groups, fluid therapy regimen was mainly restrictive, with a basal infusion of crystalloid

variable from 2 to 4 mL/kg/h. Mean arterial blood pressure (MAP) was regulated by titrating
remifentanil and fluid administration in order to maintain target values between 65 and 95 mmHg.

The standard monitoring for all patients consisted of continuous ECG, heart rate (HR) and MAP
measurements, pulse oximetry (SpO2), inspired and expired gas, and capnometry. Neuromuscular
function was measured using a TOF-Watch acceleromyograph (Organon ltd, Dublin, Ireland).
After induction of general anesthesia, but before administering any NMB agent, the calibration of
the acceleromyograph was performed according to the manufacturer’s guidelines. The ulnar nerve
received neuromuscular stimulation via two electrodes applied to the skin of the distal underarm,
to the left and to the right of the ulnar nerve.

The surgical procedure was performed routinely following the standards of the Department of
Urology at our hospital [12].

After surgery, patients requiring rescue anti-emetic therapy received ondansetron 4 mg, which was
followed by metoclopramide 20 mg, if necessary.

All patients received intravenous morphine patient-controlled analgesia using the CADD®-Solis
device (Smith Medical, Kent, UK) postoperatively. Patient-controlled analgesia was set on the demand
mode without a loading dose. The dose of morphine was set at 0.02 mg/kg with a time-lock interval of
15 min.

All patients received morphine 0.07 mg/kg and 1000 mg acetaminophen at the time of surgical
wound closure, followed by 1000 mg intravenous acetaminophen every 6 h for up to 5 days.

2.2. Measurements

Baseline data were collected, which included risk of PONV by Apfel score, neoadjuvant
chemotherapy, and anxiety and depression by the Hospital Anxiety and Depression Scale.

During anesthesia, main parameters (MAP, HR, SpO2 and etCO2) and time to recovery from
NMB reversal were recorded. Duration of surgery, amount of opioid consumption, comorbidities,
and total amount of intensive care unit admission were also observed.

In the postoperative period, PONV (intended as number of episodes of nausea, vomiting or
bloating) was evaluated after 30 min in post-anesthesia care unit (PACU), 6 and 24 h after anesthesia.

The assessment of consciousness at awakening and postoperative cognitive function was carried
out by The Observer’s Assessment of Alertness/Sedation Scale (OASS) at 15 min, 30 min, and 1 h after
anesthesia, and through the Mini Mental State test (MMSt) at 1 and 4 h after anesthesia.

Early postoperative pulmonary failure (including bronchospasm, postoperative PaO2 <60 mmHg,
a PaO2:FIO2 ratio ≥ 300 mmHg, or arterial oxyhemoglobin saturation measured with pulse oximetry
<90% and requiring oxygen therapy) was noted after 24 h after anesthesia.

Time to resumption of intestinal transit, defined as time to return of peristalsis and time to first
passage of flatus, antiemetics, and morphine consumption were recorded. Nurses detected peristalsis
and gastrointestinal symptoms every 2 h and patients were asked to warn staff of the perception of
bowel activity.
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2.3. Statistical Analysis

The primary outcome was the cumulative incidence of PONV in the first 6 postoperative hours.
Based on data from our department after this type of surgery using single-drug PONV prophylaxis
and reversal of neuromuscular block with neostigmine, and according with previous study [13,14],
we estimated that experience PONV would be 30% in neostigmine group and 8% in the sugammadex
group. Based on power = 80% and a = 0.05, a sample size of 98 patients at least (n = 49 per group)
was required.

For scores continuous, we used a two-sample Kolmogorov–Smirnov test, while for the ordinal
categorical variable we used the Mann–Whitney U-test. P-values ≤ 0.05 were regarded as statistically
significant. Data were analyzed using SPSS software (IBM, New York, United States).

3. Results

In the period between May 2017 and December 2018, a total of 109 patients were randomized:
54 patients to the S group and 55 to the N group.

The flowchart of the patients who participated in the study is demonstrated in Figure 1.
The demographics and clinical characteristics were balanced for both treatment arms and are presented
in Table 1. Intraoperative and perioperative data recorded are shown in Table 2.

Figure 1. Patient disposition.

Time to recovery from TOF 2 to TOF ratio>0.9 was significantly lower in the S group. The incidence
of early PONV was lower in the S group but not statistically significant (p = 0.711). The values were
similar between the two groups for the incidence of late PONV.

The mean MMSt value was significantly higher in the S group compared with the N group at 1 h
after anesthesia [mean and 25–75th percentile, 29.3 (29; 30) vs. 27.6 (27; 30); p = 0.007] and at 4 h after
anesthesia [29.5 (30; 30) vs. 28.4 (28; 30); p = 0.048]. Thus, S group obtained better MMSt values during
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all measurements of time. The mean OASS value was significantly higher in the S group compared with
the N group 1 h after the end of anesthesia (median and 25–75th percentile, 5 (5; 5) vs. 5 (4; 5); p = 0.02),
but no differences were observed in the first measurement, 30 min after the end of anesthesia (Table 3).

Table 1. Demographic and clinical characteristics.

S Group (n = 54) N Group (n = 55)

Age (years), mean (SD) 62.8 (8.9) 60.2 (9.4)
BMI (kg/m2), mean (SD) 26.3 (3.5) 26.2 (4)
Gender (n), male/female 42/12 40/14

ASA status (n): I/II/III 5/40/9 9/41/5
Apfel risk score (n): I/II/III/IV 20/30/4/0 19/32/4/0

Comorbidities, n (%)
Hypertension 18 (33.3) 11 (20)

Dysthyroidism 3 (5.5) 4 (7.2)
Previous MI 5 (9.2) 2 (3.6)

Diabetes 6 (11.1) 3 (5.4)
COPD 3 (5.5) 2 (3.6)

Neoadiuvant chemotherapy, n (%) 14 (25.9) 11 (20)
Tumor stage (pT), n (%)

Tis 8 (14.8) 7 (12.7)
Ta 3 (5.5) 3 (5.4)
T1 7 (13) 8 (14.8)
T2 13 (24) 14 (25.4)
T3 17 (31.4) 16 (29)
T4 6 (11.1) 7 (12.7)

HADS > 8, n (%) 25 (46.2) 27 (49)

BMI: body mass index; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary disease;
HADS: Hospital Anxiety and Depression Scale.

Table 2. Intraoperative and perioperative variables.

S Group (n = 54) N Group (n = 55) p-Value

EtCO2 (mmHg) 28.9 (3) 28.6 (3.4) 0.603
SpO2 (%) 98.6 (1.3) 98.5 (1.5) 0.821
HR (bpm) 68.3 (15.1) 68.9 (13.9) 0.622

MAP (mmHg) 87 (15.3) 88.2 (15.5) 0.854
Estimated blood loss (mL) 209 (31) 218 (37) 0.200

Surgery time (min) 340.7(80) 326.7 (81.9) 0.437
Anesthesia time (min) 378 (83) 361 (81) 0.526

Recovery time from TOF 2 to TOF Ratio > 0.9 (min) 3.2 (1) 8 (2.8) <0.001 *
Early PONV 0–6 h, n (%)

Cumulative incidence 14 (25.9) 16 (29) 0.711
Nausea 10 (18.5) 9 (16.3) 0.767

Vomiting 4 (7.4) 5 (9) 0.750
Late PONV 6–24 h, n (%)

Cumulative incidence 10 (18.5) 11 (20) 0.845
Nausea 7 (13) 8 (14.5) 0.810

Vomiting 3 (5.5) 3 (5.4) 0.982
Antiemetics consumption (mg)

Ondansetron 2.6 (3) 3.8 (4.4) 0.105
Metoclopramide 3.7 (4.9) 4.7 (5.7) 0.358

Morphine consumption (mg)
0–6 h 3 (2.4) 3.7 (2.6) 0.154
0–24 h 6.2 (3) 5.5 (2.8) 0.177

Early postoperative pulmonary failure, n (%) 3 (5.5) 4 (7.2) 0.715
Time to resumption of intestinal transit, days (IQR) 3 (3–5) 3 (3–5) 0.761

Length of stay, days (IQR) 8 (7.5–12.25) 8 (6–12) 0.682

* p-value < 0.05; EtCO2: end tidal CO2; SpO2: pulse oximetry; HR: heart rate; MAP: mean arterial pressure;
TOF: train-of-four; PONV: postoperative nausea and vomiting; IQR: interquartile range.
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Table 3. Consciousness at awakening and postoperative cognitive function.

S Group (n = 54) N Group (n = 55) p-Value

OASS ¢

15 min 3 (3; 4) 3 (3; 4) 0.16
30 min 5 (4; 5) 4 (3; 5) 0.06
60 min 5 (5; 5) 5 (4; 5) 0.023 *

MMSt �

Preop 29.3 (30; 30) 29.2 (29; 30) 0.78
1 h 29.3 (29; 30) 27.6 (27; 30) 0.007 *
4 h 29.5 (30; 30) 28.4 (28; 30) 0.048 *

� Data expressed as mean (IQR); ¢ Data expressed as median (IQR); p-value: two-sample Kolmogorov–Smirnov
Test; * p-value < 0.05; OASS: Observer’s Assessment of Alertness/Sedation Scale; MMSt: Mini Mental State test:
IQR: interquartile range.

In Figure 2, we can observe that the trend in both MMSt and OASS is different between the two
groups. The MMSt trend remained steadily higher since the awakening, while the values of OASS in S
group were significantly increased after the first postoperative hour. The incidence of postoperative
pulmonary failure was similar in each group. There were no significant differences between the groups
for time to resumption of intestinal transit. Postoperative ondansetron and metoclopramide were
similar in each group, as well as analgesic consumption.

Figure 2. (A) MMSt and (B) OASS trend (error bars: 95% CI). Blue line: S group. Green line: N group.
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4. Discussion

In our study, we attempted to evaluate the quality of recovery from anesthesia in two groups
of patients who underwent robotic-assisted laparoscopic cystectomy. Prolonged myoresolution was
carried out with continuous infusion of rocuronium: In one group, NMB reversal was obtained with
sugammadex and in the other group, the association neostigmine/atropine was used.

Our results show that the incidence of PONV was greater in the N group, although non-statistically
significant. Even time to resumption of intestinal transit was overlapping in the two groups.

In the past, studies concerning the reduction of PONV following the use of sugammadex have
had conflicting results. Inhibiting cholinesterase action causes neostigmine increases concentration
of acetylcholine, the principal excitatory neurotransmitter in the GI tract. Acetylcholine acts by
increasing gastric secretions and esophageal pressure and increases the risk of symptoms such as
nausea and vomiting, but also allows an increase in GI motility [15]. The prevention of PONV and the
rapid restoration of intestinal function are fundamental topics in the development of ERAS protocols,
which have shown efficacy in reducing complications and improving outcomes in many surgeries [16].
Nowadays, there are no definitive protocols specific to robotic surgery, and protocols applied in
colorectal surgery are often used for cystectomy [10].

Our results agree with those of Peach et al. [17], which, in a large clinical trial of 304 women,
did not find a lower incidence of PONV with the use of sugammadex compared with neostigmine.
In contrast, Yağan et al. [13] found that the use of sugammadex had lower incidences of PONV in
the first postoperative hour and less anti-emetic use at 24 h. In addition, in the study by Koyuncu
et al. [18], sugammadex reduces PONV compared with neostigmine and atropine, but only slightly
and transiently. While in the Yağan study [13], the population had undergone various types of surgery
(more than half underwent head and neck surgery) and in the Koyuncu study [18] patient were
candidates for extremity surgery, in the Peach study [17] patients underwent laparoscopic surgery,
which, as in robotic cystectomy, involves a certain degree of postoperative ileus, a physiological arrest of
GI transit in response to surgical stress and intestinal manipulation. Neostigmine can increase motility
only if acetylcholine release and smooth muscle function are relatively preserved, while postoperative
ileus induces the activation of presynaptic noradrenergic receptors and impairs the functionality of the
enteric nervous system and the sympathetic nerves [19,20]. This could have determined the absence of
the expected effects on intestinal and gastric motility.

Moreover, in the study by Yağan, neostigmine doses were higher than those used in our study [13],
and the correlation between the neostigmine dose and PONV is now considered a key factor to control
the symptoms [9].

Two scales were employed as awakening quality indicators: MMSt and OASS. The MMSt was
considered to assess cognitive impairment because it is a rapid and simple to perform test that provides
accurate measurements of cognitive status both in subjects with normal functions and in subjects with
cognitive alterations [21], and its use to assess subtle changes in cognitive function after anesthesia is
often reported [22].

Our results have unexpectedly shown a significant increase of the average value of MMSt in the
considered time frames. The OASS mean value also significantly increased in the S group until 1 h
after surgery.

The reversal action of sugammadex is based on the structure of cyclodextrins, consisting of a
lipophilic central cavity able to encapsulate the steroid rings of the rocuronium molecule, forming an
inactive complex that is no longer able to interact with the neuromuscular junction [23]. Based on its
structural characteristics, the fact that the sugammadex molecule or the sugammadex/rocuronium
complex could interact in any way with the anesthetic drugs or with the cholinergic system was
excluded [24]. The apparent rapid awakening at a cognitive level, that some other authors and we have
detected [25,26], could be explained in the light of the so-called Afferentation Theory [27], for which
general activation of muscle receptors can induce a massive cerebral stimulation of the monoaminergic
wakefulness centers. It is also known as the Spindle Theory [23], since it has been postulated that
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tension and stretch receptors in muscle spindles may be the terminations that transmit static and
dynamic variations to the encephalon, acting on various cortical and mesencephalic areas. However,
some studies have not been able to demonstrate changes in the depth of anesthesia after sugammadex
administration [28], thus the results of studies regarding sugammadex’s impact on recovery from
general anesthesia remain conflicting and insufficient [29].

In the past, many studies demonstrated an existing relationship between the structure of
cyclodextrins and neuroprotection: statins and cyclodextrins, influence the transmission of neural
signals, interfering with the production of inflammatory molecules [30]. Ultimately, one could speculate
that sugammadex gives an additional effect by interacting with the lipid molecules of the neuronal
membrane, reducing exocytosis. This protective effect could be more readily detectable in a surgery,
such as robotic cystectomy, which requires more than 2 h in steep Trendelenburg and alterations
of cerebrovascular circulation due to prolonged pneumoperitoneum [10]. In the future, it could be
interesting to analyze if the use of sugammadex can be optimized, employing it in elderly populations
or in surgeries that require high abdominal pressure or extreme conditions.

A limit of our study mainly regards the same limitations related to the neurophysiological tests
administered in the postoperative period. These tests may be subject to the learning effect bias and to
the variability in the sessions following the preoperative one, considered baseline, and from one session
to another. We tried to minimize this variability by administering the test in the same environment,
with no external distractions, and patients who needed extra doses of opioids for pain were excluded.

5. Conclusions

In conclusion, our results were not able to demonstrate a significant decrease of the PONV or a
more rapid ROI after sugammadex administration versus neostigmine use. We observed a significant
increase in MMSt values, suggesting improved quality of awakening with the use of sugammadex
in patients undergoing robotic radical cystectomy. Regarding OASS observations in both groups,
we obtained higher values in the group receiving sugammadex. Further studies on elderly populations
and different types of surgery will be needed in the future, especially with the aim to provide a
comprehensive ERAS pathway for cystectomy based on the available evidence.
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Abstract: Urothelial cancer of the bladder (UCB) is usually a disease of the elderly. The influence of
age on oncological outcomes remains controversial. This study aims to investigate the impact of age
on UCB outcomes in Europe focusing particularly on young and very young patients. We collected
data of 669 UCB patients treated with RC at our tertiary care center. We used various categorical
stratifications as well as continuous age to investigate the association of age and tumor biology
as well as endpoints with descriptive statistics and Cox regression. The median age was 67 years
and the mean follow-up was 52 months. Eight patients (1.2%) were ≤40 years old and 39 patients
(5.8%) were aged 41–50 years, respectively. In multivariable analysis, higher continuous age and
age above the median were independent predictors for disease recurrence, and cancer-specific and
overall mortality (all p-values ≤ 0.018). In addition, patients with age in the oldest tertile group had
inferior cancer-specific and overall survival rates compared to their younger counterparts. Young
(40–50 years) and very young (≤40 years) patients had reduced hazards for all endpoints, which,
however, were not statistically significant. Age remains an independent determinant for survival
after RC. Young adults did, however, not have superior outcomes in our analyses. Quality of life and
complications are endpoints that need further evaluation in patients undergoing RC.

Keywords: bladder cancer; age; urothelial carcinoma; radical cystectomy; outcome; survival

1. Introduction

With an incidence of over 80,000 new cases and over 17,000 deaths estimated to occur in 2019 in
the United States alone, urothelial cancer of the bladder (UCB) is the second leading genitourinary
malignancy and a potentially lethal disease [1]. Compared with other malignancies, UCB is usually a
disease of the elderly with a peak incidence among those in their 70s [2,3]. In fact, in general there
is an increasing life expectancy in the US and Europe and in consequence, a potential further rise in
UCB diagnoses is expected in the next few decades [4,5]. Ageing trends are of major scientific and
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clinical importance in any cancer including UCB, as the optimal management has great impact for each
individuum and the public health system in general, especially in an expensive disease as UCB [6].

Despite the overwhelming incidence in elderly patients, UCB does also occur in a non-negligible
number of young patients [3]. While the development of UCB in the elderly has been suggested to be
driven by a cumulative lifetime exposure to environmentally, occupationally, or individually acquired
carcinogens (e.g., smoking) [7–9], the factors for UCB in young patients remain rather inconclusive.
Not only the diagnosis of UCB, particularly the need of RC with all its negative effects on quality of life
has a significant impact on the psyche and more, especially in the younger. RC is more frequently
offered in younger patients, due to their longer life expectancy, lower frailty resulting in lower adverse
events and the superiority in survival outcomes of early compared to delayed RC [10]. Recent reports
suggest superior UCB-specific outcomes in young and adolescent patients (15–39 years) [11].

The impact of patient age on oncological outcomes remains controversial and regional variabilities
may be present that need to be considered in patient counselling and treatment planning. The aim of
this study was to evaluate the impact of age on UCB outcomes after RC in a consecutive cohort of
European patients, particularly focusing on the young and very young. We hypothesized that younger
patients may have better oncologic outcomes as their disease may be earlier in their natural history
and different as it may not have a large mutational burden.

2. Material and Methods

2.1. Patient Population

We retrospectively reviewed the medical records of 789 consecutive patients treated with RC
and bilateral pelvic lymphadenectomy for UCB between 1996 and 2011 at our institution. Guideline
adherent indications for RC were muscle invasive UCB or recurrent Ta, T1, or carcinoma in situ (CIS)
refractory to transurethral resection of the bladder (TURB) with or without intravesical chemo- or
immunotherapy. As neoadjuvant chemotherapy may be more frequently administered in younger
patients, implementing an inherent bias of natural UCB history in age analyses, these patients were
excluded upfront (n= 8). Moreover, 75 patients were excluded because of missing variables or follow-up,
30 patients with RC for non-malignant indication for RC, and seven patients with advanced, bladder
infiltrating prostate cancer. In total, 669 patients remained for analyses. Overall, 147 patients (20.0%)
received adjuvant chemotherapy (95% platinum-based) at the clinicians’ discretion in accordance with
the guidelines at the time. The study was approved by the local ethics committee.

2.2. Follow-Up Regimen

Follow-up strategy has been previously reported in detail [12,13]. In brief, patients were generally
seen every three to four months for the first year after surgery, every six months from the second to fifth
year, and annually thereafter. Follow-up included a history, physical examination and serum chemistry
evaluation. Diagnostic imaging of the abdomen including the urinary tract and chest radiography
were performed at least annually or when clinically indicated. Additional radiographic evaluations
were performed when clinically indicated.

2.3. Statistical Analysis

Statistical analyses included demographic data on patients’ age, ethnicity, gender, ASA status,
pathologic tumor stage and grade, concomitant CIS, lymph node status, margin status, lymphovascular
invasion, and adjuvant chemotherapy, respectively.

The co-primary endpoints were recurrence-free survival (RFS), cancer-specific survival (CSS),
and overall survival (OS), respectively. Disease recurrence was defined as local failure in the operative
site, regional lymph nodes, or distant metastasis. Upper tract urothelial carcinoma was considered a
metachronous tumor and not disease recurrence. Patients who did not experience disease recurrence
were censored at time of last follow-up for recurrence-free survival analysis. Cancer-specific mortality
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was defined as death from UCB. The cause of death was determined by the treating physician, by chart
review corroborated by death certificates, or by death certificates alone [14]. Perioperative mortality
(i.e., death within 30 days of surgery) was censored at time of death for UCB-specific survival analyses.

Age was analyzed as a continuous variable, with a cut-off at median and tertiles, and using the
cut-offs of 50 years. (dichotomized) and ≤40, 41–50, and >50 years (three categories), respectively.
The different analytic approaches were used to optimally approach the definition of young age. There
is no clear determination for UCB patients treated with RC in the urologic literature defining a patient
as ‘young’ or ‘very young’. However, there is a consensus among oncological experts that patients
<50 years. are usually defined as ‘young’ and patients <40 years. defined as ‘very young’ [15].
Using median and tertiles as cut-off, we investigated the effects of age in our study population with
homogenous sample distributions. Utilization of the dichotomized cut-off of 50 years. was based on
previous reports that indicated superior survival outcomes in patients <50 years. The tri-categorical
analyses uses cut-offs of <40 years and <50 years following predefined ranges indicated by the NCI in
2006 [15]. In addition, study results indicate significant outcome differences, suggesting these strata
represent an ideal standard [11].

The Kolmogorov–Smirnov test was used to assess the normal distribution of variables. The Fisher’s
exact test and the chi-square test were used to evaluate the association between categorical variables.
Differences in variables with a continuous distribution across categories were assessed using the
Mann–Whitney U test (two categories) and Kruskal–Wallis test (three and more categories). Actuarial
method was used to estimate RFS, CSS, and OS probabilities and the differences were assessed
with the log rank test. Kaplan–Meier estimates were used to graphically display survival functions.
Univariable and multivariable Cox regression models addressed time-to-event endpoint analyses. In all
models, proportional hazards assumptions were systematically verified using the Grambsch–Therneau
residual-based test. Multicollinearity was assessed with the variance inflation factor to test for possible
confounding between relevant covariates. All reported p-values were two-sided, and statistical
significance was set at p < 0.05. All statistical tests were performed with IBM SPSS Statistics 25
(IBM Corp., Armonk, NY, USA).

3. Results

3.1. Association of Age with Clinical–Pathological Characteristics

The median age of the study cohort was 67 years (interquartile range [IQR]: 59; 73), and 520 (78%) of
the patients were male. In total, 622 patients (93.0%) were older than 50 years. Of those being <50 years,
39 patients (5.8%) were aged 41–50 years and 8 patients (1.2%) were younger than 40 years. Tertiles for
age were ≤59 years (first tertile), 60–72 years (second tertile), and ≥73 years (third tertile), respectively.
The descriptive clinicopathologic characteristics of the study cohort are presented in Table 1.

Table 1. Descriptive characteristics stratified by dichotomy age groups of 669 UCB patients treated
with radical cystectomy

All Young (≤50) Elderly (≥51) p-Value p-Value

≤40 41–50 ≥51 ≤50 vs. ≥51 ≤40 vs. 41–50 vs. ≥51

Patients, n 669 8 39 622 - -
Gender (%) 0.85 0.98

Male 520 (77.7) 6 (75.0) 30 (76.9) 484 (77.8)
Female 149 (22.3) 2 (25.0) 9 (23.1) 138 (22.2)

ASA (%) <0.001 <0.001
1 52 (7.8) 4 (50.0) 7 (18.0) 41 (6.6)
2 386 (57.7) 3 (37.5) 27 (69.2) 356 (57.2)
3 225 (33.6) 1 (12.5) 3 (7.7) 221 (35.5)
4 6 (0.9) 0 (0) 2 (5.1) 4 (0.7)

Pathological Tumor Stage (%) 0.92 0.34
pT0 73 (10.9) 3 (37.5) 4 (10.3) 66 (10.6)
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Table 1. Cont.

All Young (≤50) Elderly (≥51) p-Value p-Value

≤40 41–50 ≥51 ≤50 vs. ≥51 ≤40 vs. 41–50 vs. ≥51

pTa 26 (3.9) 0 (0) 1 (2.6) 25 (4.0)
pTis 66 (9.9) 0 (0) 3 (7.7) 63 (10.1)
pT1 74 (11.1) 1 (12.5) 4 (10.3) 69 (11.1)
pT2 132 (19.7) 0 (0) 10 (25.6) 122 (19.6)
pT3 182 (27.2) 4 (50.0) 8 (20.5) 170 (27.3)
pT4 116 (17.3) 0 (0) 9 (23.1) 107 (17.2)

Pathological Tumor Grade (%) 0.58 0.42
No grading (pT0) 73 (10.9) 3 (37.5) 4 (10.3) 66 (10.6)

G2 65 (9.7) 1 (12.5) 6 (15.4) 58 (9.3)
G3 531 (79.4) 4 (50.0) 29 (74.3) 498 (80.1)

Concomitant carcinoma in situ
(%) 0.051 0.12

Absent 424 (63.4) 7 (87.5) 29 (74.4) 388 (62.4)
Present 245 (36.6) 1 (12.5) 10 (25.6) 234 (37.6)

Lymph node status (%) 0.91 0.58
pN0 479 (71.6) 7 (87.5) 27 (69.2) 445 (71.5)
pN+ 190 (28.4) 1 (12.5) 12 (30.8) 177 (28.5)

Margin status (%) 0.94 0.99
R0 586 (87.6) 7 (87.5) 34 (87.2) 545 (87.6)
R+ 83 (12.4) 1 (12.5) 5 (12.8) 77 (12.4)

Lymphovascular invasion (%) 0.52 0.62
L0 455 (68.0) 6 (75) 24 (61.5) 425 (68.3)
L1 214 (32.0) 2 (25) 15 (38.5) 197 (31.7)

Adjuvant Chemotherapy (%) 0.089 0.21
No 522 (78.0) 6 (75.0) 26 (66.7) 490 (78.8)
Yes 147 (22.0) 2 (25.0) 13 (33.3) 132 (21.2)

Comparing patients under and over 50, older patients presented with a significantly higher
ASA score (p < 0.001). ASA scores increased significantly from patients ≤40 years to patients aged
41–50 and to ≥50 years (p < 0.001). There were no statistically significant differences in any other
clinical–pathological variables irrespective of the stratification used.

3.2. Association of Age with Disease Recurrence and Survival Outcomes

The median follow-up was 52 months (IQR: 17; 78). During the follow-up period, 192 patients
(32.4%) experienced disease recurrence, 175 patients (28.0%) died of UCB, and 257 patients (42.1%)
died of any cause. The actuarial recurrence-free survival estimates at 2- and 5-years after RC were
64 ± 2% and 59 ± 2%, respectively. The actuarial cancer-specific survival estimates at 2- and 5-years
after RC were 71 ± 2% and 61 ± 3%, respectively. The actuarial overall-specific survival estimates at 2-
and 5-years after RC were 62 ± 2% and 50 ± 2%, respectively.

In the Kaplan–Meier analyses, no statistically significant difference was observed in recurrence-free
survival (p = 0.49; Figure 1A), cancer-specific survival (p = 0.78; Figure 1C), and overall survival
(p = 0.67; Figure 1E) between patients younger than 50 years, and those 50 and above. In categorical
age group analyses, there was also no statistically significant difference in recurrence-free survival,
cancer-specific survival and overall survival (p > 0.05 for all; Figure 1B,D,F) between patients 50 years
and above, those between 41–50 years and those 40 and younger.

3.3. Risk Factor Analyses for Disease Recurrence and Survival Outcomes

All variables tested on multicollinearity had an VIF in the range of 1.1–2.9, indicating that no
multicollinearity is present between factors included in the cox regression model. The results of
univariable Cox regression analyses for different age stratifications are presented in Table 2. Higher
continuous age was significantly associated with inferior recurrence-free (Hazard ratio (HR): 1.017;
95%CI: 1.002–1.032; p = 0.029), cancer-specific (HR: 1.023; 95%CI: 1.007–1.039; p = 0.005), and overall
survival (HR: 1.030; 95%CI: 1.016–1.044; p < 0.001). In addition, patients older than the median
(all p ≤ 0.01) and patients in the highest age tertile compared to patients in the second tertile
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(all p ≤ 0.008) were significantly associated with inferior outcomes for all three endpoints. Analyses
according to all age categories (i.e., ≤50 vs >50; ≤40 vs. 41–50 vs. >50, tertiles) revealed that patients in
higher age categories were not associated with a higher risk for all endpoints (all p > 0.05).

The results of multivariable Cox regression analyses that adjusted for standard UCB
clinic-pathological parameters (Table 3) showed that higher continuous age (RFS HR: 1.019; p = 0.018;
CSS HR: 1.025; p = 0.004, and OS HR: 1.030; p < 0.001), age above the median of our cohort (RFS HR: 1.472;
p = 0.014; CSS HR: 1.553; p = 0.008; and OS HR: 1.596; p = 0.001) and age in the third tertile (≥73 years)
compared to the second age tertile (60–72 years) (RFS HR: 1.862; p = 0.005; CSS HR: 2.085; p = 0.001;
OS HR: 2.256; p < 0.001) were all independently associated with worse outcomes for all three endpoints.
In addition, CSS and OS of patients in the third tertile were also inferior compared to the outcomes of
patients in the first age tertile (≤59 years) (CSS HR: 1.545; p ≤ 0.034; OS HR 1.728; p = 0.002).

 

 

 
Figure 1. Kaplan–Meier estimates of stratified age groups of elderly (≥50 years.) and young
patients (<50 years.) (A,C,E), and stratified in three age groups of elderly (>50 years.) young
(41–50 years.) and very young (≤40 years.) patients (B,D,F) for recurrence-free, cancer-specific, and
overall survival, respectively.

93



J. Clin. Med. 2019, 8, 1459

T
a

b
le

2
.

U
ni

va
ri

ab
le

co
x

re
gr

es
si

on
an

al
ys

is
of

va
ri

ab
le

ag
e

st
ra

ti
fic

at
io

ns
pr

ed
ic

ti
ng

re
cu

rr
en

ce
-f

re
e

su
rv

iv
al

,c
an

ce
r-

sp
ec

ifi
c

su
rv

iv
al

an
d

ov
er

al
ls

ur
vi

va
lo

f6
69

pa
ti

en
ts

w
it

h
U

C
B

tr
ea

te
d

w
it

h
ra

di
ca

lc
ys

te
ct

om
y

A
g

e
S

tr
a

ti
fi

ca
ti

o
n

s
R

F
S

C
S

S
O

S

H
R

9
5

%
C

I
p-

V
a

lu
e

H
R

9
5

%
C

I
p-

V
a

lu
e

H
R

9
5

%
C

I
p-

V
a

lu
e

C
on

ti
nu

ou
s

ag
e

1.
01

7
1.

00
2–

1.
03

2
0.

02
9

1.
02

3
1.

00
7–

1.
03

9
0.

00
5

1.
03

0
1.

01
6–

1.
04

4
<

0.
00

1
M

ed
ia

n
A

ge
1.

45
4

1.
09

5–
1.

93
2

0.
01

0
1.

55
0

1.
15

0–
2.

08
8

0.
00

4
1.

66
3

1.
29

9–
2.

12
9

<
0.

00
1

A
ge
≤5

0
vs

.>
50

1.
22

7
0.

68
4–

2.
20

2
0.

49
1.

08
4

0.
61

6–
1.

90
9

0.
78

1.
10

7
0.

69
3–

1.
76

7
0.

67
A

ge
(t

hr
ee

ca
te

go
ri

es
)

≤4
0

vs
.>

50
0.

81
8

0.
17

9–
3.

73
3

0.
80

0.
91

0
0.

20
2–

4.
11

1
0.

90
0.

83
2

0.
24

2–
2.

85
8

0.
77

41
–5

0
vs

.>
50

1.
03

5
0.

25
7–

4.
17

0
0.

96
1.

00
1

0.
24

8–
4.

03
8

0.
99

0.
94

6
0.

30
3–

2.
95

5
0.

92
A

ge
(T

er
ti

le
s)

fir
st

vs
.t

hi
rd

te
rt

ile
1.

24
2

0.
86

1–
1.

79
3

0.
25

1.
36

4
0.

92
6–

2.
00

8
0.

12
1.

57
6

1.
13

7–
2.

18
5

0.
00

6
se

co
nd

vs
.t

hi
rd

te
rt

ile
1.

69
9

1.
15

1–
2.

50
7

0.
00

8
1.

93
1

1.
27

8–
2.

91
7

0.
00

2
2.

19
4

1.
54

6–
3.

11
2

<
0.

00
1

A
bb

re
vi

at
io

ns
:

R
FS
=

re
cu

rr
en

ce
fr

ee
su

rv
iv

al
;C

SS
=

ca
nc

er
sp

ec
ifi

c
su

rv
iv

al
;O

S
=

ov
er

al
ls

u
rv

iv
al

;H
R
=

ha
za

rd
ra

ti
o;

C
I
=

co
nfi

d
en

ce
in

te
rv

al
;U

C
B
=

u
ro

th
el

ia
lc

ar
ci

no
m

a
of

th
e

bl
ad

de
r.

T
a

b
le

3
.

M
ul

tiv
ar

ia
bl

e
co

x
re

gr
es

si
on

an
al

ys
is

of
th

e
eff

ec
to

fa
ge

on
pr

ed
ic

tin
g

re
cu

rr
en

ce
-f

re
e

su
rv

iv
al

,c
an

ce
r-

sp
ec

ifi
c

su
rv

iv
al

an
d

ov
er

al
ls

ur
vi

va
lo

f6
69

pa
tie

nt
s

w
it

h
U

C
B

an
d

tr
ea

te
d

w
it

h
ra

di
ca

lc
ys

te
ct

om
y

A
g

e
S

tr
a

ti
fi

ca
ti

o
n

s
R

F
S

C
S

S
O

S

H
R

9
5

%
C

I
p-

V
a

lu
e

H
R

9
5

%
C

I
p-

V
a

lu
e

H
R

9
5

%
C

I
p-

V
a

lu
e

C
on

ti
nu

ou
s

A
ge

1.
01

9
1.

00
3–

1.
03

5
0.

01
8

1.
02

5
1.

00
8–

1.
04

2
0.

00
4

1.
03

0
1.

01
6–

1.
04

5
0.

00
0

M
ed

ia
n

ag
e

1.
47

2
1.

08
1–

2.
00

5
0.

01
4

1.
55

3
1.

12
4–

2.
14

6
0.

00
8

1.
59

6
1.

22
5–

2.
08

0
0.

00
1

A
ge

(T
er

ti
le

s)
fir

st
vs

.t
hi

rd
te

rt
ile

1.
33

9
0.

91
4–

1.
96

2
0.

13
1.

54
5

1.
03

3–
2.

31
2

0.
03

4
1.

72
8

1.
23

0–
2.

42
8

0.
00

2
se

co
nd

vs
.t

hi
rd

te
rt

ile
1.

86
2

1.
21

1–
2.

86
4

0.
00

5
2.

08
5

1.
32

8–
3.

27
6

0.
00

1
2.

25
6

1.
54

1–
3.

30
4

<
0.

00
1

A
ll

m
ul

ti
va

ri
ab

le
an

al
ys

es
w

er
e

ad
ju

st
ed

fo
r

th
e

fo
llo

w
in

g
co

-v
ar

ia
bl

es
:g

en
de

r,
A

SA
sc

or
e,

pa
th

ol
og

ic
al

tu
m

or
st

ag
e,

pa
th

ol
og

ic
al

tu
m

or
gr

ad
e,

co
nc

om
it

an
tc

ar
ci

no
m

a
in

si
tu

,l
ym

ph
no

de
st

at
us

,m
ar

gi
n

st
at

us
,l

ym
ph

ov
as

cu
la

r
in

va
si

on
,a

nd
ad

ju
va

nt
ch

em
ot

he
ra

py
.A

bb
re

vi
at

io
ns

:R
FS
=

re
cu

rr
en

ce
fr

ee
su

rv
iv

al
;C

SS
=

ca
nc

er
sp

ec
ifi

c
su

rv
iv

al
;O

S
=

ov
er

al
ls

ur
vi

va
l;

H
R
=

ha
za

rd
ra

ti
o;

C
I=

co
nfi

de
nc

e
in

te
rv

al
;U

C
B
=

ur
ot

he
lia

lc
ar

ci
no

m
a

of
th

e
bl

ad
de

r.

94



J. Clin. Med. 2019, 8, 1459

4. Discussion

We found that young patients did not present with more favorable tumor biological features
compared to their older counterparts. In addition, we did not find significantly superior survival
outcomes for all three endpoints in favor of young patients. Therefore, we reject our hypothesis
that young UCB patients with MIBC have better outcomes post-RC than the normal MIBC patient.
This is in contrast to previous studies that reported better oncological outcomes in younger UCB
populations [11,16,17]. Differences in results between our study and previous reports may be explained
by different definition of young age, diverse race/ethnicity or distinct socioeconomic status, etc. [18].
Indeed, we found that higher continuous age and other strata defining patients as elderly were
independently associated with inferior survival outcomes. Thus, while one end of the age spectrum
does not better, the other end of the spectrum seems to have worse oncologic outcomes. Undeniably,
this underscores the validity of our UCB cohort as these findings are in line with those of large,
multicentric UCB series [19,20].

The relationship between age and prognosis of UCB remains controversial. In fact, there is no
clear definition when a UCB patient is defined to be very young, young, old, or very old. A recent
large US study reported that adolescents and young UCB patients (ages 15–39) [11] had superior
cancer-specific and overall survival compared to their older counterparts. In another study, patients
were stratified using a cut-off of 50 years with superior cancer-specific and overall survival in the
younger group [16]. In our study we, therefore, used variable age stratifications and cut-offs to reflect
the most comprehensive picture on the impact of age across a wide spectrum of definitions and
results. Indeed, using this comprehensive approach, we only found differences in categorized outcome
analyses when using the median age or age tertiles of our cohort. Of importance, the median age in our
cohort was 67 years and the upper age tertile included patients above 73 years. Thus, despite depicting
a statistical significance compared to ‘younger patients’ in our cohort, our data did not demonstrate
superior outcomes in those patients usually defined to be young or very young.

From the biological rationale it intuitively seems reasonable that older patients may experience
inferior outcomes. With increasing age, exposure to several environmental, occupational, and
individually amenable (e.g., smoking) stressors accumulate over time [7,21,22]. In addition, especially
elderly men often experience obstructive lower urinary tract symptoms with incomplete bladder
drainage. In consequence, the potentially prolonged contact time to carcinogens excreted in the urine
may induce accumulation of cellular events that can lead to neoplastic transformation and subsequently
UCB development [20]. Moreover, younger patients tend to be healthier in general, with mostly good
immunity and nutrition status, as well as fewer co-morbidities to tolerate the complications of cancers
or treatment.

From a clinical perspective, our results are important, as recent studies found very young UCB
patients to have a lower hazard of cancer-specific mortality compared to their older counterparts [11],
suggesting that organ-sparing approaches may be a viable option in young patients [23–25]. Especially
the prospect of incontinence, impotence and/or infertility due to radical cystectomy may lead to
delay of therapy or a switch of strategy to a bladder sparing, multimodal approach. However,
younger patients are more reluctant to undergo necessary diagnostics and treatments or comply
with strict follow-up schedules, possibly affecting outcomes [26]. In agreement with our results,
other investigators also found either no difference [27] or even worse outcomes, due to a higher
rate of metastases [28], in patients ≤40 years. A potential reason for the disparity in findings of
various studies including ours may be due to difference in ethnicities, regional varieties in treatment,
different socioeconomic backgrounds, and other factors that we could not all adjust for in our analyses.
However, despite our findings not providing a final answer on the influence of a very young age on
UCB outcomes treated with RC, our results do generate hypotheses that warrant further investigation
of this association in larger, multi-institutional, ideally prospective studies. Indeed, our findings
support the surgical approach of radical cystectomy also in young and very-young patients, as our
findings underscore the aggressive nature of UCB and no age-group had superior survival outcomes.
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Certainly, the reconstruction which affects quality of life and perceived self-image should be adopted
to patients’ preferences, and general and specific health factors [29].

Our study is not devoid of limitations. First and foremost, the retrospective and single-center
nature may inevitably introduce some selection bias. Despite this being a large monocentric cohort of
consecutive patients, the overall sample size is still limited, especially in the subgroup of very young
patients. Nevertheless, we feel that our study still provides a representative insight on age-dependent
prognostic outcomes for Europe. All patients in our study were Caucasians, which should be considered
since ethnicity may influence survival in UCB [30,31]. We were unable to collect and adjust analyses
for several predisposing risk factors of UCB, including smoking, occupational exposure, family history,
insurance status, immunity or nutrition status, adjuvant therapies, or socio-economic factors that
also may influence tumor biology or outcomes [22,32,33]. In addition, laboratory and molecular
data was not available. However, from the clinical perspective, the latter information is usually
not available in daily routine for patient counselling. Age in general does represent a competing
risk for death particularly since older patients have a greater frailty and UCB patients often harbor
important comorbidities [34–36]. However, due to sample size limitations, we were unable to perform
competing-risk analyses. Consequently, a contemporary, European multicenter approach would be
warranted to shed further insight on this relevant topic.

5. Conclusions

In conclusion, we found that young age at time of MIBC diagnosis does not result in better outcomes
compared to typical age after RC. Higher age, however, remains an important prognostic factor for
cancer-related endpoints in UCB and thus needs to be incorporated in therapeutic considerations.
Radical cystectomy remains standard treatment for patients with muscle-invasive bladder cancer
independent of age. Further studies to assess the differential effect of RC and the different types
of urinary diversion on the health-related quality of life and metabolic consequences across age
are necessary.
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Abstract: Background: To assess the differential effect of robotic assisted radical cystectomy (RARC)
versus open radical cystectomy (ORC) on survival outcomes in matched analyses performed on
a large multicentric cohort. Methods: The study included 9757 patients with urothelial bladder
cancer (BCa) treated in a consecutive manner at each of 25 institutions. All patients underwent
radical cystectomy with bilateral pelvic lymphadenectomy. To adjust for potential selection bias,
propensity score matching 2:1 was performed with two ORC patients matched to one RARC patient.
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The propensity-matched cohort included 1374 patients. Multivariable competing risk analyses
accounting for death of other causes, tested association of surgical technique with recurrence and
cancer specific mortality (CSM), before and after propensity score matching. Results: Overall,
767 (7.8%) patients underwent RARC and 8990 (92.2%) ORC. The median follow-up before and after
propensity matching was 81 and 102 months, respectively. In the overall population, the 3-year
recurrence rates and CSM were 37% vs. 26% and 34% vs. 24% for ORC vs. RARC (all p values > 0.1),
respectively. On multivariable Cox regression analyses, RARC and ORC had similar recurrence and
CSM rates before and after matching (all p values > 0.1). Conclusions: Patients treated with RARC
and ORC have similar survival outcomes. This data is helpful in consulting patients until long term
survival outcomes of level one evidence is available.

Keywords: bladder cancer; robotic-assisted; open; radical cystectomy; survival; propensity score

1. Introduction

Bladder cancer (BCa) is the second most common genitourinary malignancy with 81,190 estimated
new diagnoses for 2018 in the United States alone [1]. Radical cystectomy (RC) with bilateral
pelvic lymph node dissection (PLND) is the standard treatment for muscle invasive and very
high risk non-muscle invasive BCa [2]. However, this procedure is associated with significant
perioperative mortality and morbidity as a direct consequence of the complexity of the procedure
and the characteristics of the population which is generally older and suffering from multiple
comorbidities when compared to other surgical patients [3]. Minimally invasive surgeries, such as
robotic assisted radical cystectomy (RARC), have been designed to improve surgical morbidity. Indeed,
robotic-assisted radical surgery in urology has been shown to be associated with decreased blood loss,
need for transfusion, and length of stay compared to open RC (ORC) in most studies [4–10].

While these perioperative benefits are generally accepted, the differential impact of RARC
compared to ORC on survival outcomes remains debated with widely diverging opinions [4,11,12].
The RAZOR trial [13], a randomized, open-label, non-inferiority, phase 3 trial comparing ORC and
RARC, found that RARC was non-inferior to open cystectomy for 2-year progression-free survival but
did not report overall survival.

Given the shortage of prospective randomized trials comparing RARC to ORC, controlled
data regarding the oncological risks and benefits are needed from well-designed retrospective
multicenter studies.

Therefore, to address this unmet need, we collected complete data from BCa patients treated
at academic centers to determine the impact of on survival outcomes of RARC compared to the
standard ORC. We performed a propensity-matched analysis to limit the impact of selection bias on
survival outcomes.

2. Experimental Section

2.1. Patients and Methods

We collected the data from 9757 patients treated with RC for non-metastatic UCB at 25 institutions.
Patients were staged preoperatively with cross sectional imaging (mostly computerized tomography),
bone scan when indicated and chest X-ray. Surgical specimens were processed according to standard
pathologic procedures at each institution. Tumors were staged according to the 2009 American
Joint Committee on Cancer-Union Internationale Centre le Cancer (AJCC/UICC) TNM classification.
Tumor grade was assigned according to the 2003 WHO/International Society of Urologic Pathology
(ISUP) consensus classification. STSM was defined as the presence of tumor at inked areas of soft
tissue on the RC specimen [14,15]. Urethral and ureteral margins were not considered as STSM.
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Lymphovascular invasion (LVI) was defined as the presence of tumor cells within an endothelium-lined
space without underlying muscular walls [16,17].

2.2. Primary and Secondary End Points

The primary end-point was to compare survival outcomes of RARC with ORC. The secondary
end-point was to evaluate survival outcomes of BCa patients treated with RARC. Overall recurrence and
cancer-specific mortality (CSM) were defined as disease recurrence and death from disease, respectively.

2.3. Statistical Analyses

Descriptive statistics of categorical variables focused on frequencies and proportions. Means,
medians, and interquartile ranges (IQR) were reported for continuously coded variables. The Mann–
Whitney and chi-square tests were used to compare the statistical significance of differences in medians
and proportions, respectively. Fine and Gray multivariable competing risk analyses tested the impact
surgical technique and survival outcomes. Owing to inherent differences between patients undergoing
ORC and RARC in terms of baseline patient and disease characteristics, we used a 2:1 propensity
score matched analysis to adjust for the effects of these differences. The use of the propensity
score method reduces the customary bias associated with the conventional multivariable modeling
approach. The variables adjusted for were administration of neoadjuvant chemotherapy (NAC),
grade, pathological T stage, lymph node status and age at surgery Subgroup analyses were performed.
Statistical significance was considered at p < 0.05. Statistical analyses were performed using SPSS
v.22.0 (IBM Corp., Armonk, NY, USA) and STATA 14 (Stata Corp., College Station, TX, USA).

3. Results

3.1. Clinicopathologic Characteristics (Entire Cohort)

Demographics and pathologic characteristics of the cohort stratified by surgical approach are
shown in Table 1. Overall, 767 (7.8%) patients were treated with RARC and 8990 (92.2%) with ORC and
most of the patients were men (n = 7775, 80%); median age was: 68 years (IQR: 60–74). About half of the
patients (n = 4248, 45%) harbored pathological stage T3-T4, 6.7% had positive STSM (n = 639) and 24%
(n = 2276) had lymph node metastases. There were no differences in age at surgery and gender between
RARC and ORC patients (all p values > 0.1). Conversely, patients treated with RARC were more likely
treated with NAC (26% vs. 3.6%) compared to patients treated with ORC and had less advanced
diseases (pT3-pT4 stage: 40% vs. 46% and lymph node metastasis 22% vs. 24%). RARC patients were
less likely to receive adjuvant chemotherapy compared to ORC patients (13% vs. 21%).

Table 1. Clinicopathologic demographics of 9757 patients with bladder cancer treated with radical
cystectomy according type of surgery.

Variables
Overall

(n = 9757, 100%)
RARC

(n = 767, 7.8%)
ORC

(n = 8990, 92%)
p Value

Age, years
Mean 67 67 67

0.2Median (IQR) 68 (60–74) 68 (62–74) 68 (60–74)

Gender
Male 7775 (79%) 612 (80%) 7163 (80%)

0.9Female 1981 (20%) 115 (20%) 1827 (20%)

Neoadjuvant
chemotherapy 520 (5.3%) 198 (26%) 322 (3.6%) <0.001
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Table 1. Cont.

Variables
Overall

(n = 9757, 100%)
RARC

(n = 767, 7.8%)
ORC

(n = 8990, 92%)
p Value

Pathological T stage
pT0-pT1 2908 (31%) 368 (48%) 2540 (29%)

<0.001pT2 2239 (24%) 93 (12%) 2146 (25%)
pT3-pT4 4248 (45%) 305 (40%) 3943 (46%)

High grade 8734 (94%) 361 (76%) 8373 (94%) <0.001

LNI 2276 (24%) 158 (22%) 2118 (24%) 0.001

Nodes removed, number
Mean 20 21 20

0.001Median (IQR) 16 (10–26) 20 (13–28) 16 (9–25)

Positive surgical margins 639 (6.7%) 107 (10.0%) 532 (6.3%) <0.001

LVI 3007 (33%) 25 (27%) 2982 (34%) 0.2

Adjuvant chemotherapy 1828 (19%) 85 (13%) 1743 (20.9%) <0.001

RARC: robotic assisted radical cystectomy, ORC: open radical cystectomy, IQR: interquartile range, LNI: lymph
node invasion, LVI: lymphovascular invasion.

3.2. Clinicopathologic Characteristics (Adjusted Cohort)

Demographics and pathologic characteristics of the cohort after propensity matching, stratified
by surgical approach are reported in Table 2. After the propensity matching, 420 (33%) patients were
treated with RARC and 840 (67%) with ORC; no differences were recorded between ORC and RARC
patients considering age, gender, NAC usage, pathological T stage, pathologic grade, and lymph node
invasion (all p > 0.1). On the other hand, patients treated with RARC recorded higher rate of positive
STSM compared to ORC group (11% vs. 6.3%).

Table 2. Clinicopathologic characteristics of 1374 patients with bladder cancer treated with radical
cystectomy, comparing robot assisted radical cystectomy (RARC) and open radical cystectomy (ORC)
cohorts after propensity matching.

Variables
Overall

(n = 1374, 100%)
RARC

(n = 420, 33%)
ORC

(n = 840, 67%)
p Value

Age, years

Mean 66 66 66
0.9

Median (IQR) 67 (59–73) 67 (61–72) 67 (51–72)

Gender

Male 1003 (80%) 365 (80%) 728 (79%)
0.9

Female 257 (20%) 93 (20%) 188 (21%)

Neoadjuvant chemotherapy 456 (33%) 1162 (35%) 294 (32%) 0.2

Pathological T stage

pT0-pT1 535 (39%) 189 (41%) 346 (38%)
0.4pT2 208 (15%) 52 (11%) 156 (17%)

pT3-pT4 631 (46%) 217 (47%) 414 (52%)

High grade 1075 (78%) 348 (76%) 727 (79%) 0.1

Nodes removed, number

Mean 19 22 17
0.001

Median (IQR) 16 (10–25) 19 (14–28) 14 (8–24)
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Table 2. Cont.

Variables
Overall

(n = 1374, 100%)
RARC

(n = 420, 33%)
ORC

(n = 840, 67%)
p Value

LNI 318 (23%) 109 (24%) 209 (23%) 0.6

Positive surgical margins 115 (8.4%) 52 (11%) 63 (7.0%) 0.006

LVI 302 (32%) 23 (45%) 282 (32%) 0.04

Adjuvant chemotherapy 211 (16%) 45 (12%) 166 (18%) 0.004

RARC: robotic assisted radical cystectomy, ORC: open radical cystectomy, IQR: interquartile range, LNI: lymph
node invasion, LVI: lymphovascular invasion.

3.3. Survival Analyses in the Entire Cohort (Unadjusted Cohort)

The median follow-ups before and after propensity matching were 81 and 102 months, respectively.
The 3-year recurrence rates, CSM and OM were 37% vs. 26%, 34% vs. 24% and 47% vs. 34% for ORC vs.
RARC (Figure 1, all p values > 0.1), respectively. On multivariable Cox regression analyses adjusting
for standard clinico-pathologic characteristics, no significant differences were found between RARC
and ORC in overall recurrence and CSM (Table 3, p > 0.1).

p

 
Figure 1. Cumulative incidence of recurrence and cancer specific mortality on overall population of
patients with non-metastatic bladder cancer (BCa) treated with radical cystectomy according the type
of surgery (ORC vs. RARC).

Table 3. Multivariable competing risk analyses predicting the risk of overall recurrence and cancer
specific mortality (CSM) in patients treated with radical cystectomy in overall patients.

Variables
Overall Recurrence CSM

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

Gender (male vs. female) 1.07 (0.97–1.17) 0.1 1.15 (1.04–1.27) 0.005

Age, years 1.00 (0.99–1.00) 0.5 1.00 (0.99–1.00) 0.052

RARC approach 0.65 (0.34–1.26) 0.2 1.00 (0.45–2.24) 0.9

pT stage

pT0-pT1 Ref Ref Ref Ref

pT2 1.35 (1.18–1.55) <0.001 1.49 (1.27–1.73) <0.001

pT3-4 2.10 (1.84–2.40) <0.001 2.62 (2.27–3.03) <0.001

pN+ 1.68 (1.51–1.86) <0.001 2.09 (1.88–2.33) <0.001

Nodes removed 0.99 (0.99–1.00) 0.3 0.99 (0.99–1.00) 0.04

High grade vs. low 2.53 (1.73–3.71) <0.001 2.37 (1.56–3.60) <0.001
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Table 3. Cont.

Variables
Overall Recurrence CSM

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

LVI 1.44 (1.31–1.57) <0.001 1.33 (1.21–1.46) <0.001

Positive surgical margins 1.43 (1.25–1.65) <0.001 1.64 (1.42–1.90) <0.001

Neoadjuvant chemotherapy 1.69 (1.36–2.10) <0.001 1.45 (1.15–1.85) 0.002

Adjuvant chemotherapy 1.18 (1.06–1.31) 0.001 0.89 (0.80–0.99) 0.03

CSM: cancer specific mortality, HR: Hazard ratio, CI: confidence interval, RARC: robotic assisted radical cystectomy,
LVI: lymphovascular invasion.

3.4. Survival Analyses after Propensity Matching (Adjusted Cohort)

The 3-year recurrence and CSM were 31% vs. 29% and 27% vs. 26% for ORC vs. RARC, respectively
(Figure 2, all p values > 0.3), respectively. On multivariable Cox regression analyses adjusting for
standard clinicopathologic characteristics, RARC was again associated with similar overall recurrence
and CSM compared to ORC (Table 4, p > 0.3).

Table 4. Multivariable competing risk analyses predicting the risk of overall recurrence and CSM in
patients treated with radical cystectomy after propensity matching.

Variables
Overall Recurrence CSM

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

Gender (male vs.
female) 1.09 (0.80–1.48) 0.6 1.23 (0.91–1.67) 0.1

Age, years 1.00 (0.99–1.01) 0.5 1.01 (0.99–1.02) 0.09

RARC approach 0.76 (0.39–1.47) 0.4 1.34 (0.49–2.36) 0.8

pT stage

pT0-1 Ref Ref Ref Ref

pT2 1.21 (0.77–1.90) 0.3 1.34 (0.84–2.15) 0.2

pT3-4 1.57 (1.04–2.37) 0.03 2.17 (1.40–3.35) <0.001

pN+ 1.43 (1.05–1.94) 0.02 2.33 (1.71–3.16) <0.001

Nodes removed 0.99 (0.98–1.00) 0.3 0.98 (0.97–0.99) 0.01

High grade vs. low 3.20 (1.55–6.59) 0.002 3.60 (1.62–7.98) 0.002

LVI 1.85 (1.37–2.49) <0.001 1.27 (0.96–1.70) 0.09

Positive surgical
margins 1.12 (0.74–1.69) 0.5 1.30 (0.84–2.01) 0.2

Neoadjuvant
chemotherapy 1.96 (1.51–2.54) <0.001 1.34 (1.02–1.76) 0.03

Adjuvant
chemotherapy 1.29 (0.94–1.77) 0.1 0.77 (0.56–1.06) 0.1

CSM: cancer specific mortality, HR: Hazard ratio, CI: confidence interval, RARC: robotic assisted radical cystectomy,
LVI: lymphovascular invasion.
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Figure 2. Cumulative incidence of recurrence and cancer specific mortality of patients with
non-metastatic BCa treated with radical cystectomy according the type of surgery (ORC vs. RARC) after
2:1 propensity matching for age, pathological T stage, pathological N stage, neoadjuvant chemotherapy
(NAC) and grade.

4. Discussion

The adoption of RARC is growing rapidly, but the majority of radical cystectomies continues to be
performed by a conventional open approach. The majority of the current data from RARC series which
tested perioperative and short term oncological outcomes did not test equivalence regarding long term
survival outcomes [18–21]. Several retrospective series raised, indeed, some concerns regarding the
oncological safety of the robotic approach [22]. On the other hand, two different prospective trials
found no differences in survival outcomes between the two surgical approaches [13,23].

In this multicenter study, we evaluated the survival outcomes of the largest international cohort
of bladder cancer patients treated with either ORC or RARC. Patients were treated in both European
and American referral centers, collecting data from almost 1000 RARC and matching them with
almost 9000 ORC patients. This manuscript follows two previous publications [10,21] from the same
collaboration, evaluating for the first time the impact of survival and on peri-operative outcomes
demonstrating an advantage of RARC in blood loss and length of stay. New centers were added to this
manuscript in respect of the previous publications and the match of the final database was performed
separately for each study on the bases of the main aim of each project.

We found that RARC and ORC share similar survival outcomes, both on univariable and
multivariable analyses controlled for established prognostic factors. We performed propensity matching
to minimize the risk of selection bias adjusting for pathological stage, lymph node status, and age
at surgery. Even in this setting we confirmed that the RARC approach is associated with similar
recurrence and CSM rates compared to ORC. These results were obtained with a median follow-up
before and after propensity matching of 81 and 102 months, respectively. Similarly to our previous
manuscript [21], we found a positive surgical margin status higher than 10% in patients treated with
RARC. However, this was consistently higher than in patients treated with RARC compared to patients
treated with ORC. Despite these differences, this had no impact on survival outcomes when adjusted
for all the available confounders in the multivariable model.

Our results confirm the findings of the RAZOR trial [13], an open label, randomized, phase 3,
non-inferiority trial comparing RARC versus ORC. A total of 152 patients were included in the ORC
group and compared to 150 patients treated with RARC, reporting similar 2-year progression free
survival rates. Bochner et al. [23], in a prospective, randomized trial compared 60 and 58 patients treated
with RARC and ORC, respectively. No differences were found considering recurrence, cancer survival,
or overall survival. Previously, Bochner et al. [18] reported in a single center prospective randomized
trial, an advantage in terms of mean intraoperative blood loss for the RARC group but longer operative
times compared to ORC. However, no survival outcomes were reported. Similarly, in the prospective
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trial of Khan et al. [24] and Nix et al. [20] survival outcomes were not analyzed. Given the paucity of
prospective data analyzing survival outcomes of RARC patients, new long term level one evidence
are required.

Several retrospective series focused on mid-long-term survival outcomes [22,25]. Nguyen at al. [22]
analyzed 383 consecutive patients treated with ORC (120) or RARC (263) between 2001 and 2014 at
a single institution. With a median follow up of 30 months (for ORC) and 23 months (for RARC),
they reported similar recurrence rates with an increasing risk of experiencing extrapelvic lymph node
recurrence and peritoneal carcinomatoses for RARC patients. Our analyses did not include the type of
recurrence limiting our ability to test this aspect; but we found a similar overall recurrence risk for
patients treated with RARC when compared to ORC.

Hu et al. [25], using the SEER database compared 439 patients treated with RARC and 7308 treated
with ORC. These authors observed an increasing trend in RARC utilization over the study period
and with a median follow up of 44 months, they found no survival differences between the two
techniques. However, as recognized by the authors themselves, they analyzed only a small RARC
cohort treated by many different centers in their learning in some cases. In a recent systematic review
and meta-analyses [26], five studies with a total of 540 participants were included. Authors found no
differences in disease progression and local recurrences between patients treated with RARC and ORC.
Finally, a recent large retrospective study analyzed the outcomes of RARC versus ORC in the selected
population of patients who had received perioperative chemotherapy (in the neoadjuvant or adjuvant
setting). No difference was found in multivariable analyses in the rate of positive surgical margins,
rate of neobladder diversion, recurrence, and overall survival [27].

Our study represents the largest multicenter collaboration analyzing survival outcomes of patients
affected by bladder cancer analyzing the effect of the RARC approach. Our analyses differentiate itself
from previous reports including referral centers but excluding low case volume and learning curves
which may lead to suboptimal outcomes. Our study comprises the largest available cohort to date
analyzing survival outcomes in RARC patients. Despite several strengths, our study is not devoid
of limitations. First and foremost, we recognize that our study is limited by its observational nature,
and thus our results should be interpreted within the limits of its retrospective design. Second, we did
not perform a central review of all specimens and therefore relied on the dedication and attention of the
local uro-pathologists. Third, we did not include data regarding urinary diversion that might have an
influence on survival outcomes. On the other hand, previous literature failed to prove any differences
regarding different urinary diversion in RARC patients supporting the hypothesis of similar survival
outcomes between these two groups [28]. Patients treated in academic centers are more prone to be
treated with RARC as compared to ORC [8], moreover, differences exist regarding tumor characteristics,
patient characteristics, and year of surgery (with an increasing tendency to perform a RARC) [29,30].
These elements can only partially be adjusted for with a propensity match analysis; we are aware that
our results need to be confirmed in a controlled randomized trial. In this regard, a high proportion of
RARC patients were found with pT0 disease at RC specimen, that might indicate a selection bias that
can be only partially mitigated by the propensity matching analyses.

5. Conclusions

Patients treated with RARC were found with an increased rate of positive surgical margin
compared to those treated with ORC. However, no differences regarding overall recurrence rate and
survival were found between the two study groups. These results were confirmed in propensity score
matched analyses adjusted for all the major confounders. High quality prospective trials are warranted
to support the long-term oncological safety of RARC.
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