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Abstract

:

This study investigated the impact of the initial clinical presentation of bladder cancer on tumor characteristics. A cross-sectional, retrospective study was performed, and it involved 515 patients who underwent transurethral bladder cancer resection at the University Hospital Center Split between April 2019 and April 2023, excluding recurrent cases. The association between symptomatic versus asymptomatic presentation and bladder cancer characteristics was analyzed. A subgroup analysis compared tumor characteristics between patients with gross and microscopic hematuria. Multiple regression analyses revealed a significant association between symptomatic presentation and the detection of high-grade bladder cancer (OR 3.43, 95% CI 2.22–5.29, p < 0.001), concomitant CIS (OR 3.41, 95% CI 1.31–8.88, p = 0.012), T2 stage bladder cancer (OR 5.79, 95% CI 2.45–13.71, p < 0.001), a higher number of tumors (IRR 1.24, 95% CI 1.07–1.45, p = 0.005), and larger tumor size (B 1.68, 95% CI 1.19–2.18, p < 0.001). In the subgroup analysis, gross hematuria was associated with the detection of high-grade bladder cancer (OR 2.07, 95% CI 1.12–3.84, p = 0.020), T2 stage bladder cancer (OR 6.03, 95% CI 1.42–25.49, p = 0.015), and larger tumor size (B 1.8, 95% CI 0.99–2.6, p < 0.001). The identified associations between symptomatic presentation and unfavorable bladder cancer characteristics, likely attributed to early detection in asymptomatic cases, underscore the importance of additional research in the development of bladder cancer screening strategies.
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1. Introduction


According to GLOBOCAN 2020, bladder cancer was the 10th most prevalent malignancy in the world [1]. Bladder cancer is the most prevalent malignant disease of the urinary tract [2]. Approximately 80% of patients experience hematuria, which is the predominant presenting symptom. Hematuria is typically intermittent, gross, and painless, but it may also present as microscopic hematuria [3,4]. Roughly 20% of patients present with irritative voiding symptoms, such as dysuria, urgency, frequency, or urge incontinence. These symptoms are usually associated with invasive bladder cancer or carcinoma in situ (CIS). Less commonly, initial symptoms include obstructive urinary disorders. Patients with advanced stages of bladder cancer may initially present with abdominal pain, lower extremity edema due to the compression of iliac vessels, or flank pain resulting from the obstruction of the ureters [5].



Due to an increase in the use of laboratory procedures and imaging methods in daily clinical practice, bladder cancer diagnosis in patients without any symptoms is becoming more frequent. Some studies have reported that the majority of incidentally detected bladder cancers diagnosed by imaging methods were low-stage and low-grade [6,7]. Moreover, the presence of gross hematuria was observed to have a correlation with a higher stage of disease at the time of diagnosis, as opposed to microscopic hematuria [8]. As a large percentage of non-muscle invasive bladder cancers are related to a good prognosis, early diagnosis is of the essence [9]. Compared to other malignancies, such as kidney tumors, the diagnosis of bladder cancer in asymptomatic patients has been poorly studied, with insufficient information on cancer characteristics and prognosis [10].



Our study aims to compare the histopathological and morphological characteristics of bladder cancer between patients who presented with symptoms and asymptomatic patients (either incidentally diagnosed during imaging studies or diagnosed during the evaluation of asymptomatic microscopic hematuria). We hypothesized that asymptomatic patients would exhibit more favorable histopathological and morphological bladder cancer features due to early detection, namely, prior to the manifestation of symptoms.




2. Materials and Methods


2.1. Study Design and Participants


We conducted a cross-sectional, retrospective study at a single center. The participants included in the study were adult patients who underwent transurethral resection of primary bladder tumor (TURBT) at the University Hospital Center Split between April 2019 and April 2023. Only patients with a confirmed diagnosis of urothelial bladder carcinoma upon final histopathological analysis were enrolled, whereas those with benign lesions or non-urothelial malignancies were excluded from the study. Patients with recurrent tumors were also excluded, and so were those with incomplete medical records.




2.2. Data Collection and Definition of Variables


The data were retrieved from the electronic medical records of our institution. Patients were assigned identification numbers with the aim of maintaining their anonymity throughout the study. The collected data included patient demographics, the mode of initial clinical presentation, and bladder cancer characteristics.



Demographic data of interest were the patients’ sex, age, smoking history, comorbidities, and past medical history.



The mode of initial clinical presentation was classified as either symptomatic or asymptomatic. Patients who presented with gross hematuria (the presence of blood in urine observed by the patient and/or urologist), voiding symptoms (irritative or obstructive), and abdominal pain were categorized as symptomatic. Patients who were defined as asymptomatic did not present with any of the symptoms related to bladder cancer. The detection of cancer in these patients was either incidental (during imaging studies performed for unrelated reasons) or prompted by the presence of microscopic hematuria without any other accompanying symptoms. Microscopic hematuria was determined by the presence of three or more erythrocytes per high-power microscopic field in the urine sediment [11].



The collected data also included histopathological and morphological bladder cancer features. The considered histopathological characteristics were the stage and grade of bladder cancer, determined by a pathological examination of the specimen after primary TURBT and second-look resection (when indicated) (Figure S1). These characteristics were defined following the classification of the World Health Organization and the TNM Classification for Bladder Cancer [12,13]. The morphological characteristics of interest were the number of tumors and total tumor size. These data were extracted from written descriptions of the surgical procedures (TURBT) provided by the operating urologists. All operating urologists followed a consistent approach when documenting the number and size of tumors in their surgical reports, in accordance with the agreements and standards established by our institution. For each patient, the number of tumors was described as one if the urologist documented and resected a single tumor, or more if the findings indicated the presence of multiple tumors. The size assessment was based on the largest dimension of the tumor, as determined by the operating urologist, namely, using the cutting loop of the resectoscope (measuring 6 mm) as a reference (Figure S2). In cases where patients had multiple tumors, the total tumor size was calculated by summing the largest dimensions of all the tumors.




2.3. Outcomes


We investigated the association between the following:




	
Demographic characteristics of patients;



	
The mode of initial clinical presentation (symptomatic vs. asymptomatic);








and the following bladder cancer features:




	
Histopathological characteristics;



	
Morphological characteristics.








Subsequently, we separated the subgroup of patients with hematuria from the study population and compared the aforementioned bladder cancer characteristics between patients with gross hematuria and microscopic hematuria.




2.4. Statistical Analysis


The Kolmogorov–Smirnov test was utilized to assess the normality of data distribution. Categorical variables are displayed as numbers (n) and corresponding percentages (%). The Chi-square test was applied to compare distributions of categorical data. The median and interquartile ranges (IQR) were used to present the values of continuous variables. The Mann–Whitney test was employed to compare the differences in continuous data. To investigate the relationship between independent variables (demographic data of patients and the mode of initial clinical presentation) and dependent variables of interest (bladder cancer characteristics), separate multiple logistic regression models were constructed for each dependent variable of interest. Multiple logistic regression was used for dichotomous dependent variables, while multiple Poisson regression and multiple linear regression were utilized for count and continuous dependent variables, respectively. All reported p-values were two-tailed, and a p < 0.005 was considered to be statistically significant. The IBM SPSS Statistics for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA) software package was used to conduct all statistical analyses.





3. Results


3.1. Baseline Patient Demographics and the Mode of Initial Clinical Presentation


A total of 515 patients with primary bladder cancer met the inclusion criteria. Among them, 71.8% of patients were male. The median age was 70 years (IQR 63–78 years), 59.6% of patients were current or former smokers, and the median number of associated comorbidities was 2 (IQR 1–3).



Figure 1 illustrates the distribution of patients according to the mode of initial presentation. For the majority of patients (n = 378, 73.4%), the diagnostic process was initiated due to the presence of bladder-cancer-related symptoms, primarily gross hematuria (89.9% of symptomatic patients). A subset of cases involved patients without any symptoms (n = 137, 26.6%), where bladder cancer was incidentally detected through imaging studies (in 63.6% of cases), with ultrasound being the most common modality (80.5% of incidental findings). In 36.4% of asymptomatic patients, the diagnostic process was prompted by the presence of microscopic hematuria.




3.2. Symptomatic vs. Asymptomatic Presentation


A comparison of baseline demographic data between symptomatic and asymptomatic patient groups is presented in Table 1. Apart from a slightly older age of symptomatic patients, no other significant differences in patient demographics were observed between the two groups.



Table 1 also presents a comparison of histopathological and morphological bladder cancer characteristics between symptomatic and asymptomatic patients. The results showed a significantly lower percentage of PUNLMP/low-grade bladder cancer and a higher percentage of high-grade bladder cancer (p < 0.001) and concomitant CIS (p = 0.011) in the symptomatic group. Symptomatic patients were found to have a significantly lower frequency of Ta and a higher frequency of T1 and T2 bladder cancer stages (p < 0.001). The symptomatic group also exhibited a greater tumor burden in terms of both quantity (p = 0.002) and size (p < 0.001).



Multiple regression analyses (Table 2) revealed a significant association between symptomatic presentation and the following:




	
Detection of high-grade bladder cancer vs. PUNLMP/low-grade bladder cancer (p < 0.001);



	
Presence of concomitant CIS vs. no CIS (p = 0.012);



	
Detection of T2 stage bladder cancer vs. Ta/T1 stage bladder cancer (p < 0.001);



	
Detection of a higher number of tumors (p = 0.005);



	
Larger tumor size (p < 0.001).








Furthermore, there was a small but significant association between the age of patients and the presence of high-grade bladder cancer (p < 0.001) as well as an increased tumor number (p = 0.005) and size (p < 0.001). Male sex was also significantly associated with the presence of high-grade bladder cancer (p < 0.001).




3.3. Gross vs. Microscopic Hematuria


The subgroup of patients with hematuria, either gross or microscopic, was analyzed separately. Histopathological and morphological bladder cancer characteristics were compared between patients presenting with gross and microscopic hematuria (Table 3). The results showed a significantly lower percentage of PUNLMP/low-grade bladder cancer and a higher percentage of high-grade bladder cancer (p = 0.034) in the gross hematuria group. Patients with gross hematuria had a significantly lower frequency of Ta and a higher frequency of T1 and T2 bladder cancer stages (p = 0.002). Additionally, they had a larger median tumor size (p < 0.001). No differences were found between the two groups regarding the frequency of concomitant CIS and the number of tumors.



Multiple regression analyses (Table 4) demonstrated significant associations between gross hematuria and the following:




	
Detection of high-grade bladder cancer vs. PUNLMP/low-grade bladder cancer (p = 0.020);



	
Detection of T2 stage bladder cancer vs. Ta/T1 stage bladder cancer (p = 0.015);



	
Larger tumor size (p < 0.001).








Moreover, the age of patients exhibited a small but significant association with the presence of high-grade bladder cancer (p = 0.003) and an increased tumor number (p < 0.001) and size (p < 0.001). The male sex showed a significant association with the presence of high-grade bladder cancer (p = 0.032).





4. Discussion


Our study revealed significant associations between the mode of initial presentation and both histopathological and morphological bladder cancer characteristics. More than 70% of cancers in asymptomatic patients were PUNLMP/low-grade and Ta stage, pointing to less aggressive forms. These findings are in line with previous studies, which have shown that incidentally discovered bladder cancers during diagnostic imaging were primarily low-grade and Ta stage [6,7,14]. In contrast, symptomatic patients were diagnosed with high-grade cancers and cancers invading the lamina propria or detrusor muscle in more than 50% of cases, suggesting less favorable prognostic features.



Two recent retrospective studies have investigated incidentally diagnosed bladder cancer and compared the pathological features of incidental cases detected through imaging techniques with symptomatic cases. In both studies, the criteria for defining study groups slightly differed from ours, as they included patients with microscopic hematuria in the symptomatic group [14,15]. Since microscopic hematuria without additional symptoms is a sign of a potential disease observed by a physician, rather than a symptom, we classified patients with microscopic hematuria into the asymptomatic group [11]. Gaya et al. observed that incidentally diagnosed patients had smaller tumor sizes and lower frequencies of muscle-invasive and grade 3 bladder cancer compared to symptomatic cases. Consistent with their findings, our results demonstrated significantly lower frequencies of high-grade and higher-stage bladder cancer, as well as smaller tumor sizes in the asymptomatic group. In contrast, our investigation also included multiple regression analyses to examine the relationship between symptomatic presentation and unfavorable bladder cancer features more comprehensively, taking into account the influence of demographic predictors [14]. Kamecki et al. reported that incidental diagnosis was associated with a significantly lower likelihood of having high-grade (OR 0.52) and muscle-invasive or metastatic bladder cancer (OR 0.19) [15]. Similarly, our results showed that symptomatic patients had nearly 3.5 times higher odds of being diagnosed with high-grade bladder cancer and almost 6 times higher odds of having T2 stage bladder cancer. To the best of our knowledge, our study is the first to analyze and identify the association between the mode of initial clinical presentation and additional features of bladder cancer, alongside the previously studied grade and stage. In the symptomatic group, we observed a significantly higher frequency of concomitant CIS, a greater median number of tumors, and a larger median tumor size compared to the asymptomatic group. Moreover, our multiple regression analyses found a relationship between symptomatic presentation and the aforementioned additional unfavorable features of bladder cancer, including nearly 3.5 times higher odds of having concomitant CIS, a 24% increase in the number of tumors, and a tumor size that was 1.68 cm larger on average. These novel findings contribute to a deeper understanding of the relationship between the mode of initial clinical presentation and bladder cancer characteristics, enhancing our knowledge in this area.



Hematuria is the predominant and most closely linked symptom of bladder cancer [3,4,5]. Among the participants in our study, 340 presented with gross hematuria, while 50 were diagnosed based on the evaluation of microscopic hematuria in the absence of other accompanying symptoms. Although current guidelines recommend further evaluation of both gross and microscopic hematuria, there is evidence indicating that a considerable number of patients with microscopic hematuria are not referred for further urological assessment [11,16]. Given that a significant percentage of our study population experienced some form of hematuria (75.7%), and taking into account the tendency of healthcare providers to overlook microscopic hematuria, we isolated the subgroup of patients with hematuria and compared bladder cancer characteristics between those with gross and microscopic hematuria. Our results demonstrated an association between gross hematuria and unfavorable bladder cancer features. Patients with gross hematuria had approximately twice the odds of being diagnosed with high-grade bladder cancer, approximately 6 times higher odds of having T2 stage bladder cancer, and a tumor size that was 1.8 cm larger on average. The relationship between the severity of hematuria and bladder tumor characteristics has been poorly investigated to date. A study conducted by Ramirez et al. focused primarily on examining the impact of microscopic versus gross hematuria on bladder cancer grade and stage, without investigating additional tumor features. Their findings pointed to an association between gross hematuria and an elevated risk of invasive bladder cancer (OR 1.688 for T2 stage, OR 1.73 for T1 stage), while the risk of high-grade disease did not demonstrate a significant increase. It was not specified whether patients with microscopic hematuria were necessarily asymptomatic or if they may have experienced other bladder cancer-related symptoms, which may explain the substantial differences in risks compared to our results [8]. Further studies are needed to clarify these discrepancies.



In both the overall study population and the hematuria subgroup, we identified a modest, yet significant relationship between advanced age and adverse bladder cancer characteristics, which is in line with previous literature findings. Furthermore, we observed an association between male sex and high-grade bladder cancer, although conflicting evidence exists regarding this relationship in the literature [17,18].



Our findings can be attributed to the detection of bladder cancer in earlier development phases in asymptomatic patients, namely when tumors exhibit more favorable histopathological and morphological features. The progressive nature of bladder cancer is well-established and driven by the accumulation of genetic mutations in bladder cancer tissue over time. These genetic alterations contribute to the advancement of tumor grade and stage, as well as to an increase in tumor size and number [19,20]. Although our study did not investigate the associations between the mode of initial presentation and the prognosis of bladder cancer, the impact of unfavorable bladder cancer characteristics on poor outcomes is widely acknowledged. Previous studies have consistently identified the number of tumors, tumor size, T stage, grade, and the presence of concomitant CIS at the time of diagnosis as prognostic factors for bladder cancer recurrence and progression [21,22,23]. Moreover, previous research has demonstrated the significance of unfavorable histopathological and morphological characteristics in predicting metastasis development and influencing cancer-specific and overall survival rates [24,25,26,27]. The primary treatment for T2 bladder cancer, involving cystectomy and chemotherapy, is associated with a higher morbidity rate compared to the TURBT [28]. Consequently, early detection may play a significant role in potentially improving clinical outcomes and enhancing survival rates. A recently published study demonstrated a trend towards improved survival in patients incidentally diagnosed with bladder cancer compared to non-incidentally diagnosed cases [29].



In our study, we observed a significant proportion of bladder cancer cases (26.6%) being diagnosed in asymptomatic patients. The upsurge in the availability and usage of laboratory procedures and imaging methods in daily clinical practice may explain this phenomenon [30]. It is noteworthy that the majority of asymptomatic cases in our study were detected through ultrasound, a harmless and non-invasive method widely accessible in urological practice [31]. Another frequent cause of diagnosis in asymptomatic patients was the evaluation of microscopic hematuria detected in a simple urine sediment test. However, it is important to highlight that more than 70% of bladder cancer cases in our study population were detected only after the onset of symptoms, and these cases exhibited less favorable tumor features, potentially indicating delayed diagnoses. While routine bladder cancer screening in asymptomatic patients is currently not recommended due to a lack of evidence regarding its effectiveness, our findings may prove useful in directing additional future research on screening strategies, particularly in high-risk patients [32,33]. Special attention should be directed towards exploring the potential role of ultrasound and urine sediment analysis in bladder cancer screening, as both methods are simple, readily available, and non-invasive. Although there are limitations to the currently available screening methods, our findings support the idea that early diagnosis may still hold value in improving outcomes for patients with bladder cancer.



Several limitations of our study should be acknowledged. Firstly, this was an observational, retrospective study. As such, it may have introduced biases and limitations in terms of data quality. Another limitation is that the study was conducted at a single center, which may impact the generalizability of the findings to a broader population. Additionally, the determination of the number and size of tumors relied on subjective assessments made by the operating urologists during TURBT, which may have introduced a potential limitation in terms of objectivity when measuring and reporting the said variables. Another limitation is the fact that we did not categorize microscopic hematuria based on the quantity of red blood cells, which limited our ability to perform sub-analyses and evaluate the impact of the severity of microscopic hematuria on bladder cancer characteristics.




5. Conclusions


An increase in the use of laboratory procedures and imaging techniques has led to a rise in the detection of bladder cancer among asymptomatic patients. Our study revealed that asymptomatic patients who were incidentally diagnosed through imaging studies or identified during the evaluation of asymptomatic microscopic hematuria exhibited more favorable histopathological and morphological bladder cancer features compared to symptomatic patients. While previous studies have established an association between symptomatic presentation and a more advanced bladder cancer grade and stage, our study adds novel insights by identifying additional factors of interest, including the presence of concomitant CIS, larger tumor size, and increased number of tumors [14,15]. These findings may be attributed to the early detection of bladder cancer in asymptomatic patients. Further research is warranted to fully understand the implications of early detection and its long-term impact on patient outcomes.
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Figure 1. Mode of initial clinical presentation of bladder cancer in the studied population. 
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Table 1. Comparison of baseline patient demographics and bladder cancer features between symptomatic and asymptomatic patients.






Table 1. Comparison of baseline patient demographics and bladder cancer features between symptomatic and asymptomatic patients.





	
Variable

	
Symptomatic Presentation

	
p-Value




	
YES

	
NO






	
Baseline demographic data

	

	

	




	
Number of patients, n (%)

	
378 (73.4)

	
137 (26.6)

	




	
  Male

	
265 (70.1)

	
105 (76.7)

	




	
  Female

	
113 (29.9)

	
32 (23.3)

	
0.145 1




	
Age (years), median (IQR)

	
71 (63–79)

	
69 (62–75)

	
0.043 2




	
Smoking history, n (%)

	
229 (60.6)

	
78 (56.9)

	
0.456 1




	
Number of comorbidities, median (IQR)

	
2 (1–3)

	
1 (0–3)

	
0.401 2




	
Bladder cancer characteristics

	

	

	




	
Bladder cancer grade, n (%)

	

	

	




	
  PUNLMP/low grade

	
157 (41.5)

	
97 (70.8)

	




	
  High-grade

	
221 (58.5)

	
40 (29.2)

	
<0.001 1




	
Concomitant CIS, n (%)

	
41 (10.8)

	
5 (3.6)

	
0.011 1




	
Bladder cancer stage, n (%)

	

	

	




	
  Ta

	
180 (47.6)

	
110 (80.3)

	




	
  T1

	
118 (31.2)

	
21 (15.3)

	




	
  T2

	
80 (21.2)

	
6 (4.4)

	
<0.001 1




	
Morphological characteristics, median (IQR)




	
  Number of tumors

	
1 (1–3)

	
1 (1–2)

	
0.002 2




	
  Total tumor size (cm)

	
3.5 (2.2–5)

	
2 (1.15–3)

	
<0.001 2








1 Chi-square test; 2 Mann–Whitney test. Abbreviations: CIS—carcinoma in situ; IQR—interquartile range; PUNPLMP—papillary urothelial neoplasm of low malignant potential.
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Table 2. Results of multiple regression analyses examining the impact of patient demographics and symptomatic presentation on the histopathological grade, stage, number, and size of bladder cancer in the studied population.
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Dependent Variables




	
Independent Variables

	
High Grade vs. Non-High-Grade

	
Concomitant CIS vs. no CIS

	
T2 Stage vs.

Ta/T1 Stage

	
Number of Tumors

	
Tumor Size




	
OR (95% CI),

p Value 1

	
OR (95% CI),

p Value 1

	
OR (95% CI),

p Value 1

	
IRR (95% CI),

p Value 2

	
B Coefficient

(95% CI), p Value 3






	
Sex

	
1.62 (1.07–2.44),

0.022

	
2.12 (0.95–4.69),

0.065

	
0.68 (0.41–1.12),

0.129

	
0.99 (0.86–1.13),

0.857

	
−0.24 (−0.72–0.25),

0.332




	
  Male




	
  Female (reference)




	
Age

	
1.04 (1.02–1.06),

<0.001

	
1 (0.97–1.04),

0.891

	
1.01 (0.98–1.04),

0.524

	
1.01 (1.006–1.02),

<0.001

	
0.05 (0.03–0.07),

<0.001




	
Smoking history

	
0.87 (0.59–1.28),

0.470

	
0.91 (0.47–1.76),

0.778

	
0.63 (0.38–1.05),

0.076

	
0.96 (0.85–1.09),

0.571

	
−0.32 (−0.78–0.14),

0.175




	
  Yes




	
  No (reference)




	
Number of comorbidities

	
0.91 (0.79–1.05),

0.186

	
0.88 (0.69–1.11),

0.282

	
0.96 (0.8–1.15),

0.668

	
0.99 (0.94–1.03),

0.542

	
−0.07 (−0.23–0.09),

0.400




	
Symptomatic presentation

	
3.43 (2.22–5.29),

<0.001

	
3.41 (1.31–8.88),

0.012

	
5.79 (2.45–13.71),

<0.001

	
1.24 (1.06–1.43),

0.005

	
1.68 (1.19–2.18),

<0.001




	
  Yes




	
  No (reference)








1 Multiple logistic regression analysis, 2 multiple Poisson regression analysis, 3 multiple linear regression analysis. Abbreviations: CI—confidence interval; CIS—carcinoma in situ; IRR—incidence rate ratio; OR—odds ratio.
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Table 3. Comparison of bladder cancer features between patients with gross vs. microscopic hematuria.
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Variable

	
Type of Hematuria

	
p-Value




	
Gross

	
Microscopic






	
Bladder cancer grade, n (%)

	

	

	




	
  PUNLMP/low grade

	
143 (42.1)

	
29 (58)

	
0.034 1




	
  High-grade

	
197 (57.9)

	
21 (42)




	
Concomitant CIS, n (%)

	
32 (9.4)

	
1 (2)

	
0.079 1




	
Bladder cancer stage, n (%)

	

	

	




	
  Ta

	
165 (48.5)

	
37 (74)

	




	
  T1

	
107 (31.5)

	
11 (22)

	
0.002 1




	
  T2

	
68 (20)

	
2 (4)




	
Morphological characteristics, median (IQR)




	
  Number of tumors

	
1 (1–3)

	
1 (1–2)

	
0.369 2




	
  Total tumor size (cm)

	
3.5 (2.35–5)

	
2 (1.2–3.4)

	
<0.001 2








1 Chi-square test; 2 Mann–Whitney test. Abbreviations: CIS—carcinoma in situ; IQR—interquartile range; PUNPLMP—papillary urothelial neoplasm of low malignant potential.
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Table 4. Results of multiple regression analyses examining the impact of patient demographics and type of hematuria on the histopathological grade, stage, number, and size of bladder cancer in patients with hematuria.
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Dependent Variables




	
Independent Variables

	
High-Grade vs. Non-High-Grade

	
Concomitant CIS vs. no CIS

	
T2 Stage vs.

Ta/T1 Stage

	
Number of Tumors

	
Tumor Size




	
OR (95% CI),

p-Value 1

	
OR (95% CI),

p-Value 1

	
OR (95% CI),

p-Value 1

	
IRR (95% CI),

p-Value 2

	
B coefficient

(95% CI), p-Value 3






	
Sex

	
1.65 (1.05–2.59),

0.032

	
2.47 (0.92–6.63),

0.072

	
0.76 (0.44–1.34),

0.349

	
1.02 (0.88–1.19),

0.140

	
−0.2 (−0.8–0.39),

0.508




	
  Male




	
  Female (reference)




	
Age

	
1.04 (1.01–1.06),

0.003

	
0.99 (0.96–1.04)

0.892

	
1.01 (0.98–1.04),

0.423

	
1.02 (1.01–1.024),

<0.001

	
0.06 (0.03–0.09),

<0.001




	
Smoking history

	
0.93 (0.59–1.45),

0.733

	
0.91 (0.41–1.99),

0.814

	
0.86 (0.49–1.52),

0.605

	
0.94 (0.81–1.09),

0.438

	
−0.26 (−0.84–0.32),

0.381




	
  Yes




	
  No (reference)




	
Number of comorbidities

	
0.88 (0.76–1.03),

0.107

	
0.82 (0.61–1.09),

0.821

	
0.92 (0.75–1.12),

0.404

	
0.97 (0.92–1.02),

0.241

	
−0.165 (−0.36–0.03),

0.102




	
Type of hematuria

	
2.07 (1.12–3.84),

0.020

	
5.28 (0.7–39.72),

0.106

	
6.03 (1.42–25.49),

0.015

	
1.16 (0.94–1.44),

0.191

	
1.8 (0.99–2.6),

<0.001




	
  Gross




	
  Microscopic (reference)








1 Multiple logistic regression analysis, 2 multiple Poisson regression analysis, 3 multiple linear regression analysis. Abbreviations: CI—confidence interval; CIS—carcinoma in situ; IRR—incidence rate ratio; OR—odds ratio.
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