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PURPOSE
To evaluate the diagnostic efficacy of apparent diffusion coefficient (ADC) measurements and semi-
quantitative dynamic contrast enhancement (DCE) parameters in predicting the differentiation be-
tween low- and high-grade tumors in non-muscle invasive bladder cancers (NMIBC).

METHODS
Patients with NMIBC, who were histopathologically confirmed between August 2020 and July 2023, 
were analyzed by 2 radiologists with different levels of experience. DCE semi-quantitative param-
eters such as wash-in rate (WiR), wash-out ratio (WoR), time to peak (TTP), and peak enhancement 
(PE) were calculated. ADC measurements were performed using the three-region-of-interest (ADCt) 
and whole volume (ADCw) methods; ADCt ratio (ADCtR) and ADCw ratio (ADCwR) were also calcu-
lated. Receiver operating characteristic curve analysis was performed to demonstrate the cut-off 
values of ADCt, ADCw, ADCtR, and ADCwR to differentiate low- and high-grade tumors. The intra-
class correlation coefficient was used to evaluate inter-reader agreement.

RESULTS
A total of 89 patients were included in this study. Of these patients, 48 had low-grade NMIBC, and 
41 had high-grade NMIBC. There was no significant difference in mean WoR, WiR, TTP, and PE values 
between low- and high-grade NMIBC (P > 0.05). The ADCt, ADCw, ADCtR, and ADCwR values of 
high-grade NMIBC were significantly lower than those of low-grade NMIBC (P < 0.001). With cut-off 
values of 0.449 and 0.435, ADCtR had the best diagnostic value for both readers, showing better ac-
curacy, sensitivity, specificity, and area under the curve (85.4%–83.1%, 87.5%–85.4%, 82.9%–80.4%, 
and 0.879–0.857, respectively, with confidence intervals). Additionally, ADCtR and ADCt showed 
acceptable diagnostic performance for both readers, with cut-off values of 0.439 and 0.431, respec-
tively, for differentiating Ta- and T1-stages. The inter-reader agreement was almost perfect for ADC 
measurements.

CONCLUSION
While DCE semiquantative parameters did not yield significant outcomes in distinguishing be-
tween low and high grades, ADCtR holds promise for enhancing patient management in NMIBC 
cases and stands as a potential preoperative radiological asset. 

CLINICAL SIGNIFICANCE
Individuals diagnosed with NMIBC may require different treatment approaches; therefore, it is very 
important to distinguish between low- and high-grade cases preoperatively. The differentiation be-
tween the Ta- and T1-stages is recognized as crucial in patient treatment strategies. Furthermore, 
ADCtR shows promise for improving patient management in NMIBC cases.
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Bladder cancer ranks as the second most 
prevalent genitourinary malignancy, 
following prostate cancer, and accounts 

for over 500,000 new cases and 200,000 fatal-
ities each year.1 The majority of bladder can-
cers are urothelial cell carcinomas and are 
tissue-based, categorized into low- or high-
grade tumors.2 While ultrasound and com-
puted tomography are commonly employed 
in the diagnosis of bladder cancer,3 magnetic 
resonance imaging (MRI) is regularly utilized 
in the local staging of bladder cancer due to 
its capability to evaluate muscle invasion.4 

The most critical factor that affects the 
prognosis of bladder cancer is muscle in-
vasion.5 Muscle-invasive bladder cancer 
(T2–T4) has a poor outcome and typically 
requires aggressive interventions such as 
cystectomy, systemic treatment, or a mix of 
both.2 Non-muscle invasive bladder cancer 
(NMIBC) (Ta–T1) typically exhibits low-grade 
characteristics and demonstrates a non-ag-
gressive demeanor.2 Roughly 70% of tumors 
constitute NMIBC, with over 50% being Ta-
stage tumors. Despite the majority of cases 
being identified at a non-muscle invasive 
stage, there is a substantial risk of disease 
progression and recurrence.6,7 Treatment 
approaches primarily concentrate on reduc-
ing local recurrence and impeding stage ad-
vancement, with the overarching objective 
of preserving and improving the patient’s 
quality of life.2

According to the treatment guidelines 
of the American Cancer Society, intravesical 
chemotherapy is recommended for Ta-stage 
tumors in the presence of low-grade tumors, 
whereas intravesical bacillus calmette-guer-
in is recommended in the presence of high-
grade tumors. For T1-stage tumors, cystecto-
my may be recommended in the presence 
of high-grade tumors if there are multiple 
tumors or if the tumor is large when first 
detected.8 Stöckle et al.9 highlighted the sig-

nificance of differentiating between Ta- and 
T1-stages in the distinction of treatment. 
According to this study, the prognosis of 
patients with T1-stage tumors who under-
went late cystectomy is worse than that 
of patients with T2 tumors.9 Transurethral 
resection (TUR) is ineffective in managing 
lymphogenic micrometastases that initiate 
during the pT1-stage. According to Jakse et 
al.10, 50% of all patients with T1 carcinomas 
developed a muscle-infiltrating recurrence 
within 40 months after TUR. The crucial point 
for therapeutic outcomes appears to be the 
onset of invasive growth (i.e., lamina pro-
pria invasion). This means that even tumor 
stage Tl is too advanced to consider TUR as 
a reliable curative treatment.9 Individuals di-
agnosed with NMIBC may require different 
treatment approaches; therefore, it is crucial 
to preoperatively differentiate between low- 
and high-grade cases.4

Dynamic contrast-enhanced (DCE) MRI, 
also known as functional MRI, has been 
shown to offer insights into the characteri-
zation of tissue microvasculature and distin-
guish the tumor from adjacent tissues.11 The 
efficacy of diffusion-weighted imaging (DWI) 
in predicting the histologic grade of bladder 
cancer has also been discussed in the liter-
ature. In these studies, apparent diffusion 
coefficient (ADC) values acquired from DWI 
have been proposed as being potentially 
valuable in facilitating differentiation.12 How-
ever, the related studies were not focused ex-
clusively on NMIBC and relied on very small 
sample sizes.

This study aims to examine the effec-
tiveness of ADC values from DWI and the 
semiquantitative parameters obtained from 
DCE-MRI in distinguishing between low- and 
high-grade tumors in patients with NMIBC, 
as well as to assess the consistency among 
readers with varying levels of experience.

Methods 
This retrospective investigation was ap-

proved by the institutional ethics board, 
and informed consent was relinquished 
(Giresun Training and Research Hospital/
KAEK-217/23.10.2023/25). The study proto-
col aligned with the ethical standards of the 
1975 Declaration of Helsinki.

Study group

Patients with NMIBC who were histo-
pathologically confirmed between August 
2020 and July 2023 were analyzed retrospec-
tively. 

Patients were incorporated into the study 
based on the following criteria:

1. MRI evaluation contained the required 
sequences.

2. MRI assessment was conducted within 
2 weeks before TUR bladder or cystectomy. 

3. Low- or high-grade urothelial carcino-
ma of the bladder was pathologically con-
firmed.

Patients were removed from the study 
based on the following criteria: 

1. Patients with ADC images of low or in-
visible quality.

2. Patients with tumors measuring less 
than 1 cm.

3. Patients with other histopathologically 
confirmed types of bladder cancer.

4. Patients with hyperintense urine in the 
bladder lumen on the T1 sequence.13

Figure 1 shows the patient selection.

Image acquisition

A 1.5-T MRI system (Magnetom Aera, Sie-
mens Medical Solutions, Erlangen, Germany) 
was used for MRI examinations. Ultrasonog-
raphy was performed before the procedure 
to ensure that the patients had adequate 
bladder distension. Images were acquired in 
a supine position with a pelvic phased-array 
coil. T1-weighted images (T1-WI), axial, cor-
onal, and sagittal fast spin-echo T2-WI, DCE 
images with three-dimensional high tem-
poral resolution, and DWI with b-values of 0, 
800, and 1200 s/mm2 were acquired. An ADC 
map was generated using a b-value of 1200 
s/mm2. Gadopentetate dimeglumine (Gado-
vist, 0.2 mL per kilogram of body weight; 
Bayer Healthcare, Berlin, Germany) was de-
livered via a power injector at a rate of 2 mL 
per second, followed by a further infusion of 
20 mL of normal saline. Following the injec-
tion of the intravenous contrast agent, axial 
DCE images were captured in post-contrast 
phases with no gap between them.

Image analysis

Each MRI scan was uploaded to the pic-
ture archiving communication system. Two 
radiologists with varying levels of expertise 
(reader 1: a board-certified radiologist with 
11 years of urogenital radiology experience; 
reader 2: a radiology resident with 3 years 
of training) assessed the images separately 
from histopathology. The readers maintained 
a blinded approach and had no access to the 
patients’ demographic or surgical data.

Main points

•	 It is crucial to preoperatively differenti-
ate between low- and high-grade cases 
in non-muscle invasive bladder cancer 
(NMIBC).

•	 Apparent diffusion coefficient (ADC) mea-
surements of high-grade NMIBC were sig-
nificantly lower than those of low-grade 
NMIBC.

•	 The ADC three region-of-interest ratio is a 
promising avenue for optimizing NMIBC 
treatment and a potential preoperative ra-
diological aid.
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Measurements were performed on the 
slice showing the largest diameter of the le-
sions and the most contrast enhancement, 
with minimal artifacts. In patients with mul-
tiple tumors, measurements were made for 
the tumor with the maximum diameter. To 
ensure the accuracy of the ADC values, le-
sions with a diameter of less than 1 cm and 

areas containing artifacts were excluded. 
The 3 regions of interest (ROIs), each 20 mm2, 
were drawn in distinct regions of the tumor. 
Next, the average ADC was calculated for the 
three-ROIs method (ADCt). Freehand ROIs 
along the low signal of the tumor’s border 
on ADC maps were applied in the whole-vol-
ume ROIs technique (ADCw).14 The ROIs were 

placed while avoiding blood vessels, necro-
sis, and tumor stalk. ADC measurements with 
different ROI methods are shown in Figure 2. 
The most appropriate ADC reference value 
for calculating the ADC ratio was obtained 
from the bladder lumen. The ROI was placed 
in the center of the bladder lumen urine 
while avoiding artifacts.13 Patients with hy-
perintense bladder contents on the T1 se-
quence were excluded. Three 20 mm2 ROIs 
were placed in the center of the bladder, and 
the average ADC was calculated for reference 
ADC. Additionally, ADCt ratio (ADCtR) was 
calculated as the ADC (three-ROIs method)/
ADC reference, and ADCw ratio (ADCwR) was 
calculated as the ADC (whole-volume ROIs 
method)/ADC reference.

The ROIs were positioned in regions of 
tumors displaying maximum enhancement 
within a homogeneous area. The time signal 
intensity (SI) curves of all tumors were docu-
mented. Furthermore, SI measurements from 
tumors were normalized using the formula 
(SI−S₀) / S₀ with reference to the pre-contrast 
SI (S₀). Subsequently, the following parame-
ters, which were initially outlined by Tsili et 
al.15, were computed based on the normal-
ized values. Peak enhancement (PE) was de-
scribed as the maximum Si of the tumor. Time 
to peak (TTP) was described as the duration 
required to reach the maximum Si of the tu-
mor. The wash-in rate (WiR) was defined as 
the greatest slope of tumor enhancement 
and computed using the following formula: 
WiR = max Si (PE) − Si-1/max ti − ti-1. Converse-
ly, the wash-out rate (WoR) was described as 
maxSi (PE) − S7, indicating the difference be-
tween the peak signal and the signal at the 
last time point.

Figure 1. Flowchart of patient selection. ADC, apparent diffusion coefficient; NMIBC, non-muscle invasive 
bladder cancer.

Figure 2. A 54-year-old patient with non-muscle-invasive bladder cancer performed different apparent diffusion coefficient (ADC) values and ADC ratios. (a) Three 
regions of interest (ROI) were drawn, and the average ADC three ROI (ADCt) was calculated as 0.934. (b) Freehand ROI along the low signal of the tumor’s border 
on ADC maps. The whole ADC (ADCw) was calculated as 1.245. (c) Three ROI were drawn in the center of the bladder, and the average ADC was calculated. The 
reference ADC was 2.393. Based on these findings, ADCw and ADCwR are consistent with low-grade tumors, whereas ADCtR and ADCt are compatible with high-
grade tumors. Histopathological examination revealed high-grade, non-muscle-invasive papillary urothelial carcinoma after transurethral resection of the bladder. 
ADCtR, three-ROIs method ADC ratio; ADCwR, whole-ROIs method ADC ratio.

b ca
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Statistical analysis

The data analysis was conducted using 
IBM SPSS Statistics software version 25.0 (IBM 
SPSS Corp.; Armonk, NY, USA). The normality 
of the data was assessed using the Kolmog-
orov–Smirnov test. For normally distributed 
data, mean values were presented with stan-
dard deviations (SD). The independent t-test 
was utilized to compare the mean values of 
ADC, PE, TTP, WiR, and WoR between low- 
and high-grade NMIBC. A receiver operating 
characteristic (ROC) curve analysis was per-
formed to determine the cut-off values for 
ADCt, ADCw, ADCtR, and ADCwR in distin-
guishing between low- and high-grade cas-
es. Sensitivity, specificity, positive predictive 
value, negative predictive value, and accu-
racy were calculated. The intraclass correla-
tion coefficient (ICC) was used to assess in-
ter-reader reliability for ADC measurements. 
Data were reported as mean ± SD and n (%), 
with P values below 0.05 considered statisti-
cally significant.

Results 
We identified 108 patients with patho-

logically confirmed NMIBC. Two patients had 
other histopathologically confirmed bladder 
carcinoma subtypes (one neuroendocrine 
tumor and one squamous cell carcinoma). 
Seven patients had a lesion that measured 
less than 1 cm. Eight patients had an ADC im-
age with low or invisible quality, and two pa-
tients had hyperintense urine in the bladder 
lumen on the T1 sequence. These individuals 
were removed from the study. Consequently, 
89 patients (85 men with a median age of 68 
years) were enrolled in this study. Within our 
study population, 48 had low-grade tumors, 
and 41 had high-grade tumors. The average 
maximum diameter of low-grade NMIBCs 
was 21.7 mm (range: 12–89 mm), where-
as that of high-grade NMIBCs was 27.6 mm 
(range: 11–63 mm). A total of 31 tumors were 
classified as T1-stages, and 58 tumors were 
classified as Ta-stages based on histopathol-
ogy.

There was no significant difference in the 
mean WoR, WiR, TTP, and PE values between 
low- and high-grade NMIBC for both read-
ers (P > 0.05). The ADCt, ADCw, ADCtR, and 
ADCwR values of high-grade NMIBC were 
significantly lower than those of low-grade 
NMIBC for both readers (P < 0.001). The mean 
values of the ADC measurements and semi-
quantative DCE parameters for both readers 
are shown in Table 1.

Moreover, there was no significant differ-
ence in the mean values of WoR, WiR, TTP, 
and PE between Ta- and T1-stages NMIBC 
for both readers (P > 0.05). The ADCt, ADCw, 
ADCtR, and ADCwR values of T1-stage NMIBC 
were significantly lower than those of Ta-
stage NMIBC for both readers (P < 0.001). 
Table 2 shows the mean values of ADC mea-
surements and semi-quantitative DCE pa-
rameters for both readers.

Receiver operating characteristic analysis 
of apparent diffusion coefficient measure-
ments for the differentiation of low- and 
high-grade non-muscle invasive bladder 
cancer

ROC curve analysis showed that ADCtR 
had the highest area under the curve (AUC) 
values for both readers (0.879–0.857) (Figure 
3). With cut-off values of 0.449 and 0.435, 
ADCtR had the best diagnostic performance 
for both readers, with 85.4%–83.1% accuracy, 
87.5%–85.4% sensitivity, and 82.9%–80.4% 
specificity. Table 3 shows the diagnostic per-
formance of ADC values and ADC ratios for 
each reader.

Additionally, ADCtR had valuable AUC 
values for both readers (0.827–0.806) for dif-
ferentiating the Ta- and T1-stages (Figure 4). 
With cut-off values of 0.439 and 0.431, ADC-
tR had acceptable diagnostic performance 
for both readers, with 76.4%–74.1% accura-
cy, 82%–80% sensitivity, and 69.2%–66.7% 
specificity. Table 4 shows the diagnostic 
performance of ADC values and ADC ratios 
for each reader for differentiating the Ta- and 
T1-stages.

Inter-reader agreement was almost per-
fect for ADC measurements (P < 0.001). In-
ter-reader ICCs between reader 1 and reader 
2 were as follows: ADCt = 0.939 [95% confi-
dence interval (CI): 0.908–0.959]; ADCw = 
0.968 (95% CI: 0.952–0.979); ADCtR = 0.958 
(95% CI: 0.936–0.972); ADCwR = 0.969 (95% 
CI: 0.953–0.979).

Table 1. Mean values of semiquantitative dynamic contrast-enhanced parameters and 
apparent diffusion coefficient measurements for low- and high-grade non-muscle invasive 
bladder cancers

Low-grade NMIBC High-grade NMIBC P value

ADCtR

Reader 1 0.54 ± 0.1 0.39 ± 0.1 P < 0.001

Reader 2 0.50 ± 0.16 0.42 ± 0.13 P < 0.001

ADCwR

Reader 1 0.58 ± 0.10 0.44 ± 0.08 P < 0.001

Reader 2 0.56 ± 0.11 0.43 ± 0.09 P < 0.001

ADCt

Reader 1 1.19 ± 0.24 0.93 ± 0.17 P < 0.001

Reader 2 1.17 ± 0.23 0.94 ± 0.16 P < 0.001

ADCw

Reader 1 1.27 ± 0.24 1.05 ± 0.18 P < 0.001

Reader 2 1.22 ± 0.23 1.12 ± 0.22 P < 0.001

TTP

Reader 1 110 ± 7 119 ± 10 P = 0.55

Reader 2 113 ± 31 125 ± 34 P = 0.61

PE

Reader 1 3.1 ± 0.14 3.6 ± 0.22 P = 0.06

Reader 2 3.4 ± 0.21 3.7 ± 0.26 P = 0.07

WoR

Reader 1 0.04 ± 0.01 0.07 ± 0.1 P = 0.07

Reader 2 0.03 ± 0.1 0.07 ± 0.2 P = 0.09

WiR

Reader 1 1.44 ± 0.35 2.03 ± 0.53 P = 0.34

Reader 2 1.28 ± 0.31 1.95 ± 0.67 P = 0.36

NMIBC, non-muscle invasive bladder cancer; ADCtR, three-ROIs method ADC ratio; ADCwR, whole-ROIs method ADC 
ratio; ADCt, three-ROIs method ADC; ADCw, whole-ROIs method ADC; TTP, time to peak; PE, peak enhancement; 
WoR, wash-out rate; WiR, wash-in rate; ADC, apparent diffusion coefficient.
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Discussion
Of the 89 patients with NMIBC in our study, 

48 had low-grade bladder cancer. There was 
no significant difference in DCE semi-quan-
titative parameters-WoR, WiR, TTP, and PE-in 
the differentiation of low- and high-grade 
NMIBCs. Four methods-ADCt, ADCw, ADCtR, 
and ADCwR-were compared to distinguish 
between low- and high-grade NMIBC. The 
AUC of the ROC for the ADCtR (0.879 ± 0.074) 
was significantly larger (P < 0.001) than that 
of the other methods for separating low- and 
high-grade NMIBC. With a cut-off ADCtR val-
ue of 0.449, the sensitivity and specificity 
were 87.5% and 82.9% for reader 1. With a 
cut-off ADCtR value of 0.435, the sensitivi-
ty and specificity were 85.4% and 80.4% for 
reader 2. Additionally, ADCtR demonstrat-
ed the best diagnostic performance in dis-
tinguishing between Ta- and T1-stages for 
both readers, with respective cut-off values 
of 0.439 and 0.431. In our study, the majori-
ty of low-grade tumors were in the Ta-stage, 
whereas the majority of high-grade tumors 
were in the T1-stage. This might explain the 
similar cut-off values and statistical perfor-
mance in distinguishing between Ta- and 
T1-stages, as seen in the discrimination be-
tween high- and low-grade cases. Thus, it is 
required to conduct extensive studies that 
have a more homogeneous distribution.

DWI, in combination with ADC measure-
ment, provides valuable information for 
quantifying structural tissue changes at a 
cellular level and aiding in tissue character-
ization.16,17 Low ADC values signify high cel-
lularity, whereas high ADC values signify low 
cellularity.16 The intralesional voxels with the 
lowest ADC values are likely to represent the 
most aggressive tumors, as they include the 
highest levels of cellularity.18,19 ADC values 
can be used in multiple myeloma, lympho-
ma, breast, lung, and testis malignancies and 
the treatment response of malignancies.20 
In previous studies, reference ADC has been 
useful in brain, liver, pancreas, prostate, and 
bone lesions, as well as lymph node evalua-
tion.21,22 In bladder cancers, ADC values for 
high- and low-grade tumors were highly 
variable among the four studies using 1.5T 
scanners.23-25 Due to variable ADC values, 
Wang et al.13 studied three reference ADC 
values and obtained the highest accuracy 
within the bladder lumen. To reduce variabil-
ity, we also used the bladder lumen as the 
reference ADC in this study.

Figure 3. Receiver operating characteristic curve analysis for the differentiation of high- and low-grade non-
muscle invasive bladder cancer for reader 1 (a) and reader 2 (b). ADC, apparent diffusion coefficient; ADCtR, 
three-ROIs method ADC ratio; ADCwR, whole-ROIs method ADC ratio.

a b

Table 2. Mean values of semiquantitative dynamic contrast-enhanced parameters and 
apparent diffusion coefficient measurements for Ta- and T1-stage non-muscle invasive 
bladder cancers

Ta NMIBC T1 NMIBC P value

ADCtR

Reader 1 0.52 ± 0.1 0.39 ± 0.09 P < 0.001

Reader 2 0.51 ± 0.1 0.40 ± 0.08 P < 0.001

ADCwR

Reader 1 0.56 ± 0.11 0.45 ± 0.08 P < 0.001

Reader 2 0.55 ± 0.12 0.45 ± 0.08 P < 0.001

ADCt

Reader 1 1.17 ± 0.24 0.93 ± 0.17 P < 0.001

Reader 2 1.17 ± 0.23 0.92 ± 0.18 P < 0.001

ADCw

Reader 1 1.25 ± 0.25 1.05 ± 0.17 P < 0.001

Reader 2 1.25 ± 0.24 1.06 ± 0.17 P < 0.001

TTP

Reader 1 115 ± 7 113 ± 11 P = 0.92

Reader 2 91 ± 5 80 ± 6 P = 0.15

PE

Reader 1 3.1 ± 0.13 3.7 ± 0.23 P = 0.16

Reader 2 3.1 ± 0.12 3.7 ± 0.21 P = 0.17

WoR

Reader 1 0.04 ± 0.01 0.07 ± 0.1 P = 0.35

Reader 2 0.07 ± 0.1 0.08 ± 0.2 P = 0.26

WiR

Reader 1 1.43 ± 0.32 2.09 ± 0.58 P = 0.29

Reader 2 2.26 ± 0.42 2.93 ± 0.64 P = 0.38

NMIBC, non-muscle invasive bladder cancer; ADCtR, three-ROIs method ADC ratio; ADCwR, whole-ROIs 
method ADC ratio; ADCt, three-ROIs method ADC; ADCw, whole-ROIs method ADC; TTP, time to peak; PE, peak 
enhancement; WoR, wash-out rate; WiR, wash-in rate; ADC, apparent diffusion coefficient.
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In our study, as each method was eval-
uated separately to differentiate between 
low- and high-grade NMIBC, the ADCtR 
with 87.5% sensitivity and 82.9% specificity 
was the best method. In comparing the di-
agnostic performance of ADC values for the 
differentiation of low- and high-grade blad-
der cancer in the literature, Wang et al.12 re-
ported higher sensitivity and specificity val-
ues (100% and 95%), with a cut-off of 0.899 
mm2/s. The lower specificity and sensitivity 
in our study can be related to the differences 
in the research population. The study con-
ducted by Wang et al.12 included both T1 
and T2 bladder cancers. However, we specif-
ically focused on bladder tumors that were 
non-muscle invasive and utilized a larger 
sample of patients.

Li et al.14 reported interobserver agree-
ment for three different methods of measur-
ing ADC values in bladder cancer: single sec-
tion ROI, three ROI, and whole volume ROI. 
The average ADC value did not vary signifi-
cantly in terms of inter-observer consistency 
across any of the ROI positioning methods in 
the assessment of tumor grade.14 Our results 
were similar to those of Li et al.14 in that there 
was excellent consistency between read-
ers with varying levels of experience across 
all four methods. The agreement between 
different readers may be attributed to the 
decreased fibrosis and necrosis in bladder 
cancer, which suggests that the degree of 
diffusion is almost homogeneous in bladder 
cancer.14 This nature of bladder tumors also 
aids in the high diagnostic performance of 
the ADC value in low- and high-grade differ-
entiation for all readers, regardless of expe-
rience. 

In our study, we found that DCE 
semi-quantitative parameters-WiR, TTP, and 
PE-were not efficient in differentiating low- 
and high-grade NMIBCs. Zhou et al.11 classi-
fied bladder tumors into three groups based 
on their pathological phenotype: low ag-
gressiveness, intermediate aggressiveness, 
and high aggressiveness, and they examined 
the effectiveness of semiquantitative param-
eters derived from DCE imaging in distin-
guishing between each of these groups. In 
contrast to our study, Zhou et al.11 obtained a 
high diagnostic performance in determining 
the aggressiveness of bladder cancer with a 
WoR. The difference in our results could be 
due to our exclusive focus on patients with 
non-muscle-invasive bladder cancer pa-
tients.

Our study has some limitations. First, we 
did not include lesions smaller than 1 cm. 

Table 3. Diagnostic performance of apparent diffusion coefficient values and ratios for each 
reader in differentiating patients with low- and high-grade non-muscle invasive bladder cancer

Reader 1 Reader 2

ADCtR

Cut-off 0.449 0.435

AUC 0.879 (0.805–0.952) 0.857 (0.778–0.936)

P <0.001 <0.001

Sensitivity (95% CI) 87.5 (74.7–95.2) 85.4 (72.2–93.9)

Specificity (95% CI) 82.9 (67.9–92.8) 80.4 (65.1–91.1)

PPV (95% CI) 85.7 (75.1–92.2) 83.6 (73.1–90.6)

NPV (95% CI) 85 (72.5–92.3) 82.5 (70.1–90.4)

Accuracy (95% CI) 85.4 (76.3–92) 83.1 (73.7–90.2)

ADCwR

Cut-off 0.494 0.490

AUC 0.857 (0.776–0.937) 0.833 (0.747–0.918)

P <0.001 <0.001

Sensitivity (95% CI) 83.3 (69.7–92.5) 81.2 (67.3–91)

Specificity (95% CI) 82.9 (67.9–92.8) 80.4 (65.13–91.1)

PPV (95% CI) 85.1 (74.2–91.9) 82.9 (72–90.2)

NPV (95% CI) 80.9 (68.9–89) 78.5 (66.6–87)

Accuracy (95% CI) 83.1 (73.7–90.2) 80.9 (71.1–88.4)

ADCt

Cut-off 1.030 0.998

AUC 0.829 (0.743–0.915) 0.811 (0.721–0.901)

P <0.001 <0.001

Sensitivity (95% CI) 79.1 (65–89.5) 77 (62.6–87.9)

Specificity (95% CI) 78 (62.3–89.4) 75.6 (59.7–87.64)

PPV (95% CI) 80.8 (69.9–88.4) 78.7 (67.8–86.6)

NPV (95% CI) 76.1 (64.3–85) 73.8 (61.9–82.9)

Accuracy (95% CI) 78.6 (68.6–86.6) 76.4 (66.2–84.7)

ADCw

Cut-off 1.101 1.093

AUC 0.748 (0.648–0.849) 0.745 (0.643–0.847)

P <0.001 <0.001

Sensitivity (95% CI) 70.8 (55.9–83) 72.9 (58.1–84.7)

Specificity (95% CI) 68.2 (51.9–81.9) 68.2 (51.9–81.9)

PPV (95% CI) 72.3 (61.7–80.9) 72.9 (62.4–81.3)

NPV (95% CI) 66.6 (55.1–76.5) 68.2 (56.4–78.1)

Accuracy (95% CI) 69.6 (59–78.9) 70.7 (60.1–79.9)
ADCtR, three-ROIs method ADC ratio; AUC, area under the curve; CI, confidence interval; PPV, positive predictive 
value; NPV, negative predictive value; ADCt, three-ROIs method ADC; ADCw, whole-ROIs method ADC; ADCwR, 
whole-ROIs method ADC ratio; ADC, apparent diffusion coefficient.

Figure 4. Receiver operating characteristic curve analysis for the differentiation of pTa- and pT1-stage  
non-muscle invasive bladder cancer for reader 1 (a) and reader 2 (b). ADC, apparent diffusion coefficient; 
ADCtR, three-ROIs method ADC ratio; ADCwR, whole-ROIs method ADC ratio.

a b
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However, this was effective in preventing 
the partial volume effect. Second, ADC mea-
surements are prone to errors. However, we 
aimed to minimize this potential by utilizing 
four different methods and two different 
readers. Third, this study was a single-institu-
tion retrospective study, but it had the larg-

est sample reported in the literature. Larger 
multicenter studies are required to validate 
our findings. Finally, the ADC maps were ob-
tained using a monoexponential algorithm; 
using a multiple exponential fit with addi-
tional b-values could potentially enhance 
accuracy and be a more favorable approach.

In conclusion, while DCE semiquantative 
parameters did not yield significant out-
comes in distinguishing between low- and 
high-grade tumors, ADCtR holds promise for 
enhancing patient management in NMIBC 
cases and stands as a potential preoperative 
radiological asset for NMIBC. The results of 
our study demonstrated consistency even 
between readers with different experience 
levels. 
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