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Purpose: To evaluate the pathological correlation and prognostic significance of tissue stiffness measured by shear wave elastog-
raphy (SWE) in bladder cancer.

Materials and Methods: Patients with microscopic or macroscopic hematuria diagnosed with bladder tumors were included. SWE
measurements were performed using a Samsung Medison RS80A Prestige ultrasonography device, with ten valid measurements
taken for each tumor. Tumor specimens were collected via transurethral resection (transurethral resection of the bladder tumor)
for histopathological analysis. Microvessel density (MVD) was assessed by immunohistochemical staining with anti-CD34 antibody
using the hot-spot method. Correlations between tissue stiffness, MVD and tumor stage and grade were analyzed, and receiver op-
erating characteristic (ROC) analysis determined the optimal SWE cutoff for differentiating tumor characteristics.

Results: A total of 65 bladder urothelial carcinoma patients were included in the study (43 high-grade, 22 low-grade). SWE and
MVD were significantly higher in the high-grade group (p=0.001, p=0.002, respectively). ROC analysis showed SWE could differ-
entiate tumor grades (area under ROC curve=0.837, p<0.001), with a cut-off of 4.25 kPa (74% sensitivity, 86% specificity). Stiffness
was also higher in recurrence (p=0.007). A strong positive correlation between SWE and MVD was found (rho=0.767, p<0.001).
SWE may be a reliable, non-invasive tool for assessing tumor grade and recurrence risk.

Conclusions: SWE may be a reliable, non-invasive preoperative marker for bladder cancer, aiding in tumor characterization and
clinical decision-making.
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INTRODUCTION Additionally, the majority of patients present with organ-
confined disease at the time of diagnosis [4]
Bladder cancer is one of the most common malignancies Bladder tumors are typically diagnosed using ultraso-

worldwide [1] Painless macroscopic hematuria is the initial  nography (USG) or computed tomography (CT). CT provides
symptom in approximately 85% of newly diagnosed cases [23]  cross-sectional imaging, making it valuable for assessing hy-
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dronephrosis, lymph node involvement, and the relationship
between the tumor and surrounding tissues [5] While USG
is useful for detecting intravesical tumors, characterizing
renal tumors, and identifying hydronephrosis, it has limita-
tions in diagnosing upper urinary tract carcinoma [6]

In patients with a radiological diagnosis of a bladder tu-
mor, transurethral resection of the bladder tumor (TUR-BT)
should be performed following cystoscopic examination, and
the obtained specimens should undergo histopathological
evaluation [7,8]

In recent years, research has focused on whether imag-
ing techniques used for tumor detection can differentiate
between malignant and benign lesions. Studies on various
tissues have demonstrated that malignant tissues are gener-
ally stiffer than benign ones. Consequently, the impact of
tissue stiffness, as measured by elastography, on the progno-
sis of malignant tumors has become an area of investigation
[911]

Elasticity refers to a tissue’s ability to deform in response
to an external force and subsequently return to its original
state. Harder tissues typically take longer to regain their
original shape. There are two primary ultrasonographic elas-
tography techniques used to assess tissue elasticity: strain
elastography (SE) and shear wave elastography (SWE). In
SE, an external force is applied to measure tissue elasticity,
whereas in SWE, tissue stiffness is assessed using acoustic
radiation force [12]

Ultrasonographic elastography is widely used in the
evaluation of tissues such as the thyroid, breast, and liver;
however, its application in assessing bladder tumors remains
limited [13] To our knowledge, only one study has explored
the histopathological correlation between SWE and bladder
urothelial carcinoma [14] Therefore, our study aims to con-
tribute to this underexplored area of the literature.

Neoplastic tissues exhibit enhanced vascularization com-
pared to normal tissues, a process that is essential for tumor
growth and survival [15]. The angiogenic activity within
tumors, as reflected by microvessel density (MVD), has
emerged as a significant prognostic marker, with studies in
bladder and renal pelvis cancers showing a strong correla-
tion between MVD, tumor grade, stage and prognosis [16,17].

The aim of our study was to investigate the differences
in tissue stiffness between pathological subgroups of blad-
der cancer, to assess the correlation between SWE and MVD
and to determine the predictive value of tissue stiffness in
bladder cancer prognosis.
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MATERIALS AND METHODS

1. Patients and study design

Between June 2021 and September 2022, a total of 72
patients who presented with hematuria and diagnosed with
bladder tumors at the Urology Outpatient Clinic of Aydin
Adnan Menderes University Hospital were prospectively
evaluated for inclusion in this study.

The inclusion criteria were the presence of a bladder
mass detectable by USG, a successful elastography mea-
surement, and a confirmed diagnosis of bladder urothelial
carcinoma following TUR-BT and pathological sampling.
Three patients were excluded from the study due to unsuc-
cessful elastography measurements (interquartile range/
median ratio [IQR/M] >25%), three patients declined surgery
and one patient was excluded after pathological examina-
tion revealed no malignancy. Consequently, 65 patients who
met the inclusion criteria were prospectively enrolled in the
study.

SWE measurements were obtained from all patients
with a partially filled bladder during the preoperative con-
ventional USG procedure. All patients subsequently under-
went TUR-BT for both diagnosis and treatment. Pathologi-
cal evaluations were conducted to assess tumor grade, stage
and MVD.

Following pathological examination, patients were cat-
egorized into groups based on tumor grade (high-grade and
low-grade) and tumor stage (pTa, pT1, pT2). These groups
were then compared in terms of tissue stiffness measured
by SWE, MVD, and relevant radiological and clinical tumor
characteristics. Informed consent was obtained from all
patients, and the study was approved by the Aydin Adnan
Menderes University Ethics Committee (approval number:
2021/95).

2. Protocol for USG and SWE measurements

Ultrasonographic evaluation of the patients was con-
ducted using a Samsung Medison RS80A Prestige USG
system (Samsung Medison Co, Ltd.). Both ultrasonographic
and elastographic measurements were performed by a radi-
ologist with 10 years of experience in radiology and 5 years
of expertise in elastography. Conventional B-mode imaging
and SWE measurements were carried out with an abdomi-
nal convex probe. In conventional B-mode USG, tumor char-
acteristics such as size, location, blood supply, and number
were assessed.

SWE measurements were performed using the ARFI
(acoustic radiation force impulse) elastography-based tech-
nique. During the procedure, patients were instructed to
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remain as still as possible and hold their breath. Care was
taken to avoid compressing the tumor with the probe. Once
the shear wave application was activated, a 05 cmX05 cm
region of interest was placed at the center of the tumor le-
sion. Ten valid SWE measurements were obtained for each
lesion, with median values used for statistical analysis. Mea-
surements were recorded in kilopascals (kPa), and the IQR/
M was maintained below 25% for all lesions (Fig. 1).

3. Assessment of MVD

Pathological specimens were obtained from all patients
via TUR-BT. Following histopathological evaluation of tu-
mor stage and grade, immunohistochemical staining was
performed using the anti-CD34 antibody kit, and MVD was
assessed using the ‘Hot-Spot’ method [18]

The anti—CD34-stained sections were initially examined
under a light microscope (Olympus BX53; Olympus Co.) at
40x magnification to identify the five most vascularized hot-
spots. Subsequently, vascular structures in each region were
quantified at 200X magnification (Fig. 2). Vessels or vascular
complexes that were distinctly separable from the surround-
ing tissue were counted as individual vessels. The mean ves-
sel count from the five selected regions was then calculated
and recorded.

4, Statistical analysis
Statistical analysis was performed using IBM SPSS soft-
ware version 250 (IBM Corp.). The Mann—Whitney U test

Investig Clin Urol 2025;66:207-214.

or Student’s t-test was used to compare quantitative vari-
ables based on their distribution normality, while the chi-
square test or Fisher’s exact test was applied for categorical
variables. For comparisons involving more than two groups,
one-way ANOVA or Kruskal-Wallis test was used. Receiver
operating characteristic (ROC) analysis was conducted to
determine the optimal cutoff value. Multivariate logistic re-
gression analysis was performed to determine the indepen-
dent risk factors for tumoral recurrence and high-grade uro-
thelial carcinoma. Data were presented as meanztstandard
deviation. A 95% confidence interval (CI) was applied, and p-
value <005 was considered statistically significant.

RESULTS

The mean age of the 65 patients included in the study
was 679+885 years. The mean age was 70.3+93 years in the
high-grade group (HG group) and 631+54 years in the low-
grade group (LG group). Patients in the HG group were sig-
nificantly older than those in the LG group (p<0.001). Of the
total cohort, 54 patients (83.1%) were male and 11 patients
(169%) were female. The mean tumor size was 34.7+150 mm
in the HG group and 228+90 mm in the LG group, with tu-
mor size being significantly larger in the HG group (p=0.001).
The demographic characteristics of the groups are summa-
rized in Table 1

Of the 65 patients included in the study, 43 were di-
agnosed with high-grade and 22 with low-grade urothelial

www.icurology.org 209



Sahin et al

Table 1. Demographic characteristics of groups classified according to tumour stage and grade (n=65)

ICUROLOGY

LG HG pTalG pT1LG pT1HG pT2 HG
(n=22) =43 PV gy (n=11) (n=28) (n=1z)  Pvalue
Age (y) 63.1+5.4 70.31£9.3 <0.001 63.2+£5.5 63.1£5.5 69.1£9.9 72.6+7.8 0.009
Sex
Female 4(18.1) 7(16.3) 2(18.2) 2(18.2) 5(17.9) 2(13.3)
Male 18(81.9) 36 (83.7) 9(81.8) 9(81.8) 23(82.1) 13 (86.7)
Tumor size (mm) 22.8+9.0 34.7+15.0 0.001 18.0£5.3 28.619.3 3411174 35.7+9.8 0.001
Values are presented as meantstandard deviation or number (%).
LG, low-grade; HG, high-grade.
Table 2. Comparison of SWE and MVD by tumor stage, histopathological grade, and recurrence status
SWE (kPa)
= - MVD
Minimum Mean+SD Maximum
Tumor stage
pTa LG 1.4 2.2+0.3 2.8 30.9£8.2
pT1LG 2.7 3.0+£0.5 4.8 38.8+8.9
pT1 HG 1.4 7.6+£2.3 235 43.3£13.2
pT2 HG 1.4 57+1.6 11.9 52.8+12.5
p-value 0.001° 0.001°
Histopathological grade
Low 1.4 2.9+0.5 8.8 34.549.2
High 1.4 7.0+2.4 235 45.8+13.5
p-value 0.001 0.002
Recurrence
Yes (n=9) 23 9.8+1.9 18.3 433429
No (n=13) 1.4 3.7+£0.5 8.8 38.6+2.4
p-value 0.007 0.16

SWE, shear wave elastography; MVD, microvessel density; SD, standard deviation; LG, low-grade; HG, high-grade.

*:Based on Kruskal-Wallis test. ":Based on one-way ANOVA test.

carcinoma. Regarding tumor stage, 11 patients had pTa low-
grade, 11 had pT1 low-grade, 28 had pT1 high-grade and 15
had pT2 high-grade urothelial carcinoma. Three patients
with pT1 high-grade urothelial carcinoma were found to
have concurrent carcinoma in situ (CIS).

The mean SWE value was 29405 kPa in the LG group
and 7.0+24 kPa in the HG group. Tissue stiffness was signif-
icantly higher in the HG group compared to the LG group
(p=0001). Similarly, the MVD was 345+92 in the LG group
and 458+135 in the HG group, with MVD being significant-
ly higher in the HG group (p=0.002) (Table 2).

The mean SWE values were 22403 kPa in the pTa LG
group, 30+05 kPa in the pT1 LG group, 76+23 kPa in the
pT1 HG group, and 57+1.6 kPa in the pT2 HG group. Tissue
stiffness was significantly lower in the pTa LG group com-
pared to the pT1 HG and pT2 HG groups (p=0.001).

The MWD was 309+82 in the pTa LG urothelial carci-
noma group, 388+89 in the pT1 LG group, 433+132 in the
pT1 HG group, and 528+125 in the pT2 HG group. These

210  www.icurology.org

findings indicate that MVD increased with advancing tu-
mor stage and grade. Similar to SWE values, MVD in the
pTa LG group was significantly lower than in the pT1 HG
and pT2 HG groups (p=0.001) (Table 2).

Tumor number, tumor size, and the presence or absence
of blood supply on Doppler USG showed no significant cor-
relation with SWE values (p>0.05).

Papillary tumors were identified in 55 patients, while
sessile tumors were present in 10 patients. The mean SWE
values were 53+34 in the papillary tumor group and 79+7.6
in the sessile tumor group. The difference between the
groups was not statistically significant (p=0.31).

ROC curve analysis demonstrated that SWE values can
be used to differentiate between low- and high-grade blad-
der urothelial carcinoma (area under ROC curve [AUC] 0837,
p<0.001, 95% CI 0.737—-0937). Based on the Youden index, the
optimal cut-off value for SWE was determined to be 4.25
kPa, with a sensitivity of 74% and a specificity of 86%.

Similarly, ROC curve analysis indicated that MVD val-

https://doi.org/10.4111/icu.20250068
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Fig. 3. Receiver operating characteristic
(ROC) curves for differentiation of low-
and high-grade bladder cancer with
mean elasticity (left) and mean mi-
crovessel density (right).

Table 3. Multivariate logistic regression analysis of risk factors for recurrence and high-grade urothelial carcinoma

Recurrence High-grade urothelial carcinoma
OR 95% Cl p-value OR 95% Cl p-value
SWE 0.654 0.444-0.963 0.032 1.431 1.018-2.011 0.039
MVD 0.977 0.836-1.143 0.773 1.144 1.039-1.260 0.006
Tumor number 0.201 0.004-10.969 0.432 1.838 0.321-10.535 0.495
Tumor size 1.025 0.940-1.119 0.576 1.088 1.017-1.163 0.014
OR, odds ratio; Cl, confidence interval; SWE, shear wave elastography; MVD, mivrovessel density.
ues can also differentiate between low- and high-grade blad- 80.0 -
der urothelial carcinoma (AUC 0.781, p<0.001, 95% CI 0.663— . ’
0.899). The Youden index identified an optimal MVD cut-off 60.0 4 Ve . :
value of 427, yielding a sensitivity of 67% and a specificity o = s
of 91% (Fig. 3). 2 ool oo :
Recurrent tumors were observed in 9 of the 22 patients o
who completed the 12-month follow-up period, while no tu- 20.0 - L
mor recurrence was detected in 13 patients. All patients with
tumor recurrence were in the pT1 HG urothelial carcinoma 0.0 Jp— . ) . . .
group. Among the patients without recurrence, 5 had pT1 0.00 5.00 10.00 15.00 20.00
HG, 3 had pT1 LG, and 5 had pTa LG pathology. The mean SWE

SWE value was 98419 kPa in the recurrence group and
37405 kPa in the non-recurrence group. Tissue stiffness was
significantly higher in the recurrence group compared to
the non-recurrence group (p=0.007).

The mean MVD in the recurrence group was 43.3+29,
while it was 386+24 in the non-recurrence group. Although
the mean MVD was lower in the non-recurrence group, the
difference was not statistically significant (p=016) (Table 2).

In the multivariate logistic regression analysis that in-
cluded SWE, MVD, tumor number (solitary vs. multiple),
and tumor size, SWE value was identified as an independent
risk factor for tumoral recurrence. Tumor grade and stage
were not included in the model, as all recurrent patients
were in the pT1 HG group (odds ratio [OR] 0.654, 95% CI

Investig Clin Urol 2025;66:207-214.

Fig. 4. Linear correlation graph between shear wave elastography
(SWE) and microvessel density (MVD).

04440963, p=0.032) (Table 3). Furthermore, SWE, MWD,
and tumor size were found to be independent risk factors
for high-grade tumors (OR 1431, 95% CI 1.018-2011; OR 1.144,
95% CI 1.039-1.260; OR 1.088, 95% CI 1.017—-1.163; p=0.039, 0.006,
0.014, respectively) (Table 3).

Our study demonstrated that MVD was higher in tu-
mors with increased tissue stiffness. Linear correlation
graph revealed a positive correlation between SWE and
MVD (rho=0.767, p<0.001) (Fig. 4).
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DISCUSSION

The follow-up and management of bladder cancer re-
main challenging for urologists due to the heterogeneous
disease prognosis, the more aggressive nature of high-grade
tumors, and the high risk of recurrence and metastasis [19-
21]. Non-muscle invasive bladder cancer (NMIBC) is char-
acterized by a high recurrence rate, with approximately
20% of cases progressing to muscle-invasive disease. NMIBC
patients should be stratified into low-, intermediate-, and
high-risk groups, with all patients undergoing evaluation
for adjuvant treatment. While a single dose of intravesical
chemotherapy is generally sufficient for low-risk patients,
those in the intermediate- and high-risk groups are recom-
mended to receive a six-week induction course of intravesi-
cal BCG (Bacillus Calmette-Guérin) therapy, followed by one
to three years of maintenance therapy [22,23] Individualized
risk assessment for treatment planning can enhance patient
outcomes by reducing morbidity and healthcare costs while
improving quality of life.

Given the limited number of studies evaluating the rela-
tionship between bladder cancer and elastography, our study
contributes to filling this gap in the literature. Elastographic
assessment is more commonly utilized for superficial organs
such as the thyroid, liver and breast due to its ease of appli-
cation and ability to provide more precise measurements [24]
In the urogenital system, elastography has been primarily
used for evaluating the kidney, prostate, and testis. How-
ever, assessing bladder masses with elastography presents
challenges due to the bladder’s pelvic location, its positioning
behind the symphysis pubis when empty and the increased
skin-to-mass distance in posterior wall tumors [25]

To date, only one study in the literature has investigated
the pathological correlation of elastography in patients di-
agnosed with bladder urothelial carcinoma. In the study
by Huang et al. [14], elastography measurements were per-
formed transrectally or transvaginally, similar to our study
they revelaed that tumor tissue stiffness was significantly
higher in the HG urothelial carcinoma group compared
to the LG group. Using a threshold value of 1007 kPa, the
study reported a sensitivity of 77% and a specificity of 78%
for differentiating high- and low-grade tumors [14]

DEDE et al. [26] evaluated tissue stiffness in malignant
and benign bladder tumors and as expected, found that ma-
lignant lesions had significantly higher tissue stiffness than
benign lesions.

To the best of our knowledge, only these two studies
in the literature have examined the relationship between
bladder masses and elastography. In our study, tumor tissue

212  www.icurology.org
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stiffness was also compared according to pathological stage,
revealing that the stiffness of pTa LG tumors was signifi-
cantly lower than that of pT1 HG and pT2 HG tumors.
Another key aspect that differentiates our study from pre-
vious research is our focus on predicting tumor recurrence.
Our findings demonstrated that recurrent tumors within 12
months exhibited significantly higher tissue stiffness com-
pared to those without recurrence.

With the increasing use of elastography, the underly-
ing causes of increased tissue stiffness have become a topic
of interest. Tumor tissue stiffness is believed to result from
factors such as high mitotic activity leading to cell prolifera-
tion, fibrosis, angiogenesis, and hypoxia [10] Consistent with
our findings, Canoglu et al. [17] concluded that MVD was
higher in muscle-invasive bladder tumors and was associ-
ated with an increased risk of clinical progression. Similarly,
a meta-analysis by Huang et al. [27], which examined MVD
as a prognostic factor in bladder cancer, found that high
MVD was correlated with reduced survival, suggesting that
it could serve as a prognostic marker in bladder cancer.

Our study has contributed to the literature by providing
findings that can aid in predicting the prognosis of blad-
der cancer. This approach allows for the personalization of
intravesical treatment duration and type based on the ag-
gressiveness and recurrence potential of the disease. Conse-
quently, treatment-related side effects and healthcare costs
may be minimized.

CONCLUSIONS

This study demonstrated that tissue elasticity is an in-
dependent risk factor for both tumor grade and tumoral
recurrence. Additionally, MVD was identified as an inde-
pendent risk factor for high-grade tumors. We believe that
tissue elasticity and MVD may serve as prognostic markers
for bladder cancer. Future large-scale studies incorporating
SWE and MVD analysis will further elucidate their prog-
nostic value in bladder cancer.
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