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Background: Multiparametric magnetic resonance imaging (mpMRI) is increasingly used for the early 
detection of clinically significant prostate cancer (csPCa). However, the achievement of accurate detection 
rates, particularly for transition zone (TZ) lesions, remains challenging. We investigated the relationship 
between apparent diffusion coefficient (ADC) values in Prostate Imaging Reporting and Data System (PI-
RADS) 3–5 lesions and csPCa within the TZ.
Methods: We retrospectively evaluated TZ lesions in patients who underwent 3.0 Tesla MRI followed 
by MRI-targeted/transrectal ultrasound fusion biopsies (MRI-FBx). Fusion biopsies were performed for 
potentially cancerous lesions, defined as lesions with PI-RADS scores 3–5. We analyzed 196 lesions for 
which fusion biopsies were performed. 
Results: The overall prostate cancer (PCa) detection rate was 53.6% (105/196); csPCa constituted 
33.7% (66/196) of cases. The minimum ADC value was significantly lower for patients with csPCa  
(484.9±112.3 μm2/s) than for patients with benign histology or non-csPCa (P<0.001). Older age, higher 
initial prostate-specific antigen level, larger region of interest, and minimum and mean ADC values were 
associated with the presence of csPCa. Multivariate analysis indicated that only the minimum ADC value was 
an independent predictor of csPCa. Using a cutoff minimum ADC value <561 μm2/s to detect csPCa in TZ 
lesions increased the detection rate to 57.4% (54/94).
Conclusions: The minimum ADC value provides substantial additional information regarding the 
presence of csPCa in the TZ, potentially improving the detection rates for lesions rated as PI-RADS 3–5 and 
informing the need for follow-up biopsies in areas that are initially cancer-free.
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Introduction

Prostate cancer (PCa) is one of the most common cancers 
worldwide, such that 1.41 million cases were diagnosed 
in 2020 (1). The National Comprehensive Cancer 
Network guidelines recommend multiparametric magnetic 
resonance imaging (mpMRI) as a pre-biopsy procedure for 
the early detection of clinically significant PCa (csPCa) (2).  
csPCa is  defined by histopathological  features of 
International Society of Urological Pathologists grade 
group (GG) ≥2, tumor volume of 0.5 cc, or extraprostatic 
extension at the time of radical prostatectomy (3,4). 
The primary goal of prostate mpMRI is identifying and 
localizing abnormalities associated with csPCa. The 
Prostate Imaging Reporting and Data System (PI-RADS), 
a five-point scoring system for the risk stratification 
of lesions detected on multiparametric imaging, was 
introduced to standardize the mpMRI evaluation (5). 
The mpMRI assessment using PI-RADS is based on T2-
weighted imaging (T2WI), diffusion-weighted imaging 

(DWI), and dynamic contrast-enhanced imaging. DWI 
is the primary sequence used for evaluation of the 
peripheral zone (PZ). Conversely, T2WI is the most 
important sequence for detection and characterization of 
the transition zone (TZ). Additionally, dynamic contrast-
enhanced imaging is used to facilitate assessment (6).

The detection rate of csPCa exhibits considerable 
variability, with rates ranging from 21.3% to 70.5% for PI-
RADS 4 lesions and 35.6% to 95.0% for PI-RADS 5 lesions 
(7-11). Kurokawa et al. found an improvement in the csPCa 
detection rate using MRI-targeted/transrectal ultrasound 
(TRUS) fusion prostate biopsy (MRI-FBx) (12). However, 
the csPCa detection rates remained relatively low for PI-
RADS 3 (24.3%) and PI-RADS 4 (67.1%). Additionally, 
interobserver agreement is lower for TZ lesions than for 
PZ lesions, indicating the inherent limitations of imaging 
techniques (13). Despite these challenges, several studies 
have demonstrated that the apparent diffusion coefficient 
(ADC) can effectively differentiate various types of cancer 
(8,9). In particular, ADC values are significantly lower in 
PCa tissues than in normal tissues within the TZ, suggesting 
that ADC values can be used to distinguish between benign 
and malignant lesions (3). However, the role of ADC 
values in identifying PCa in the TZ remains uncertain, 
due to conflicting results in previous studies (14-18). Based 
on these considerations, we investigated the associations 
between ADC values in PI-RADS 3–5 lesions and csPCa in 
TZ lesions, with the goal of addressing a substantial gap in 
current diagnostic methodologies. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://tau.amegroups.com/article/view/10.21037/tau-
24-235/rc). 

Methods

Study design

This study is a cross-sectional study designed to evaluate 
the relationship between ADC values and csPCa in lesions 
of the TZ detected using mpMRI.

Patient demographics

We analyzed the medical records of 90 patients with PI-
RADS 3–5 lesions who underwent MRI-FBx between 
September 2019 and March 2023 at a single academic 
medical center (The Jikei University Hospital). mpMRI 
was performed for individuals with a high serum prostate-

Highlight box

Key findings
•	 The minimum apparent diffusion coefficient (ADC) value 
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specific antigen (PSA) level or abnormal findings during 
digital rectal examination. Based on the MRI findings, 
patients with potentially cancerous lesions (PI-RADS 
version v2.1 categories 3–5) underwent MRI-FBx and a 
systematic core biopsy. 

Figure 1 presents a flowchart of patient selection. We 
selected 220 patients who had undergone FBx at The 
Jikei University Hospital between September 2019 and 
March 2023. In total, 130 patients who underwent MRI-
FBx of the PZ were excluded. Additionally, five patients 
who underwent 1.5 T mpMRI and two patients who used 
non-designated MRI models were excluded, resulting in 
a sample size of 83 individuals and 243 sites. If csPCa and 
non-csPCa were identified in the same target lesion, only 
the pathological diagnosis of csPCa was documented. 
Finally, the analysis included 196 lesions. The primary 
endpoint of this study was the csPCa detection rate in 
targeted biopsy specimens of PI-RADS 3–5 lesions. In 
this study, csPCa was defined as GG ≥2. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by The 
Jikei University Institutional Review Board [No. 33-
260(10878)], and individual consent for this retrospective 

analysis was waived. 

MRI 

Patients were evaluated using 3.0 Tesla mpMRI (Siemens 
MAGNETOM series, Erlangen, Germany). The diagnostic 
protocol consisted of a simplified non-contrast biparametric 
approach with T2WI and DWI or a comprehensive clinical 
protocol including dynamic contrast-enhanced MRI. 
mpMRI images were interpreted by a radiologist who 
specialized in urological imaging.

Fusion biopsy

Software-based MRI-FBx followed by core systematic 
biopsies were obtained by a urologist using the transperineal 
approach under spinal anesthesia. Prior to the procedure, 
MRI-FBx was planned using T2WI and dedicated Biojet 
software. The planning images were combined with 
real-time TRUS images to identify areas of potential 
malignancy. Up to three core biopsy samples were obtained 
from each targeted lesion using an end-fire ultrasound 
probe. The samples were analyzed by two genitourinary 

MRI-FBx 
Sep 2019 - March, 2023

(n=220 patients)

MRI-FBx on TZ lesion 
(n=90 patients)

MRI-FBx on TZ lesion 
using 3.0T MRI

(n=83 patients, 243 lesions)

When benign and malignant 
are mixed of the same location, 

benign is deleted
(n=47 lesions)

When benign and malignant 
are mixed of the same location, 

benign is deleted
(n=47 lesions)

MRI-FBx on PZ lesion
(n=130 patients)

196 lesions 
no malignancy: 91 lesions 

GG =1: 39 lesions 
GG ≥2: 66 lesions

Figure 1 Flow diagram of patient inclusion. MRI-FBx, magnetic resonance imaging-targeted/transrectal ultrasound fusion biopsies; PZ, 
peripheral zone; TZ, transition zone; GG, grade group. 
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pathologists.

DWI analysis 

In areas with PI-RADS 3 or higher, a region of interest 
(ROI) corresponding to the inner tumor margin was drawn 
in a freehand manner on the ADC map generated from 
DWI with b values of 2,000 s/mm2, particularly on the 
image with the largest tumor size. Subsequently, maximum, 
minimum, and mean ADC values were automatically 
measured. All tumor ROIs were drawn on the ADC map by 
a reader who was blinded to the GG and other pathological 
information. 

Statistical analysis

Statistical analyses were conducted using two-sided tests 
with a threshold for statistical significance set at P<0.05. 
Data were analyzed using R software (version 4.0.3; R 
Foundation for Statistical Computing, Vienna, Austria). 
Unpaired t-tests were used to compare the two groups. 
Logistic regression analysis was utilized to identify 
independent predictors of csPCa.

Potential confounders, such as age, initial PSA (iPSA) 
level, and ROI area, were adjusted for in the multivariate 
logistic regression model. Specifically, variables that were 
significant in the univariate analysis (P<0.05) were included 
in the multivariate analysis to control for their potential 
confounding effects.

Regarding missing data, any data points that were 
missing were excluded from the analysis. This approach 
ensured that the dataset remained consistent and that the 
statistical analyses were conducted on complete cases only.

To detect csPCa in the TZ, an optimal cutoff value 
was determined based on receiver operating characteristic 
(ROC) curve analysis. Using a data-driven approach, we 
selected the cutoff point nearest the upper left-hand corner 
of the ROC curve. Sensitivity and specificity were calculated 
for the determined cutoff value. 

The statistical power of the study was evaluated post 
hoc based on the sample size and the effect sizes observed. 
With a sample size of 196 lesions, the study was adequately 
powered to detect significant differences in ADC values 
between csPCa and non-csPCa groups.

Results

Table 1 presents the patient characteristics and MRI 

findings. The overall detection rate for PCa was 53.6% 
(105/196), and the detection rate for csPCa was 33.7% 
(66/196). The presence of csPCa was significantly 
associated with older age, a higher iPSA level, and a larger 
ROI area. Moreover, in patients diagnosed with csPCa, the 
minimum and mean ADC values were 484.9±112.3 and  
740.3±123.9 μm2/s, respectively. These values were 
significantly lower than the values for patients diagnosed 
with benign diseases or non-csPCa, in whom they were 
707.3±414.4 and 919.9±237.2 μm2/s, respectively. These 
findings may suggest that lower ADC values are indicative 
of higher cellular density and reduced extracellular space, 
characteristic of malignant tissues.

Table 2 presents the univariate and multivariate analyses 
of predictors for csPCa. Univariate analysis revealed 
that age (P=0.04), iPSA (P=0.004), ROI area (P=0.01), 
and maximum (P=0.03), minimum (P<0.001), and mean 
(P<0.001) ADC values were significantly associated with 
csPCa. Multivariate analysis demonstrated that ROI area 
(P=0.01), minimum ADC value (P<0.001), and mean ADC 
value (P<0.001) were independent predictors of csPCa in 
patients with PI-RADS 3–5 lesions (Table S1).

Figure 2 presents the ROC curve of the minimum ADC 
value for predicting csPCa. The area under the ROC curve 
for the minimum ADC value was 0.778 [95% confidence 
interval (CI): 0.713–0.844]. The optimal cutoff value for the 
minimum ADC was 561 µm2/s for predicting the presence 
of PI-RADS 3–5 csPCa. Additionally, the ROC curve for 
the mean ADC value for predicting csPCa revealed an area 
under the curve of 0.761 (95% CI: 0.694–0.828) (Figure S1).  
When patients were divided into two groups based on the 
minimum ADC value of 561 µm2/s, 94 had lesions with 
a minimum ADC <561 μm2/s and 102 had lesions with a 
minimum ADC ≥561 μm2/s. Table 3 presents the biopsy 
findings in the two groups. The detection rate of csPCa 
among the 94 patients with an ADC <561 μm2/s was 57.4% 
(54/94), which was higher than the rate for all 196 patients 
with PI-RADS 3–5 lesions (33.7%). 

Table 3 presents the biopsy findings based on the 
minimum ADC value cutoff of 561 μm2/s. Among the  
94 patients with an ADC <561 μm2/s, the csPCa detection 
rate was 57.4% (54/94), which was higher than the overall 
detection rate of 33.7% among all 196 patients with PI-
RADS 3–5 lesions. Conversely, among the 102 patients 
with an ADC ≥561 μm2/s, the csPCa detection rate was 
11.8% (12/102), suggesting that 90 (88.2%) of these 
patients could potentially avoid unnecessary prostate 
biopsies.

https://cdn.amegroups.cn/static/public/TAU-24-235-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-24-235-Supplementary.pdf
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Table 1 Patients’ characteristics

Variables Benign/ncsPC csPC std diff

Number of patients 130 66

Age (years), mean (SD) 67.8 (7.2) 69.8 (5.7) 0.043

Initial PSA (ng/mL), mean (SD) 7.7 (4.1) 9.85 (5.3) 0.002

Total prostate volume (mL), mean (SD) 45.2 (19.8) 47.75 (26.7) 0.45

PI-RADS score, n (%) –

3 19 (14.6) 8 (12.1)

4 87 (66.9) 34 (51.5)

5 24 (18.5) 24 (36.4)

ROI area (mm2), mean (SD) 88.7 (102.8) 153.32 (176.6) 0.001

ADC value (μm2/s)

Max (SD) 1,392.1 (342.2) 1,278.65 (302.2) 0.02

Min (SD) 707.3 (414.4) 484.9 (112.3) <0.001

Mean (SD) 919.9 (237.2) 740.3 (123.9) <0.001

Grade group, n (%) –

Benign 91 (70.0) –

1 39 (30.0) –

2 – 43 (65.2)

3 – 16 (24.2)

4 – 7 (10.6)

ncsPC, non-csPC; csPC, clinically significant prostate cancer; std diff, standardised difference; SD, standard deviation; PSA, prostate-
specific antigen; PI-RASDS, Prostate Imaging Reporting and Data System; ROI, region of interest; ADC, apparent diffusion coefficient; 
Max, maximum; Min, minimum. 

Table 2 Cox regression analysis of prognostic factors

Variables
Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age 1.050 (1.000–1.100) 0.04 1.050 (0.988–1.100) 0.12

Initial PSA 1.110 (1.030–1.180) 0.004 1.070 (0.993–1.150) 0.08

Total prostate volume 1.010 (0.992–1.020) 0.45 – –

ROI area 1.010 (1.000–1.010) 0.01 1.000 (0.999–1.010) 0.01

ADC value

Max 0.999 (0.998–1.000) 0.03 – –

Min 0.994 (0.991–0.996) <0.001 0.994 (0.992–0.997) <0.001

Mean 0.994 (0.991–0.996) <0.001 – –

CI, confidence interval; PSA, prostate-specific antigen; ROI, region of interest; ADC, apparent diffusion coefficient; Max, maximum; Min, 
minimum. 
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Discussion

In this study, we investigated the clinical utility of ADC 
values in terms of evaluating PI-RADS 3–5 lesions and 
csPCa in TZ lesions. We found that the minimum ADC 
value exhibited utility in the detection of csPCa. Previous 
studies have suggested that ADC values can be used to 
minimize false-positive results in PI-RADS assessments 
(16,18-20). Wu et al. demonstrated that the minimum 
ADC value of a tumor was able to distinguish between 
Gleason scores 3+4 and 3+3 (21). However, they evaluated 
ADC values for the entire prostate without differentiating 
between prostate zones. It is important to distinguish 
between the PZ and TZ because the ADC values of benign 
and malignant lesions in the TZ are generally lower than 
those values in the PZ (22,23). Recently, Ono et al. found 

that the minimum ADC value improved the detection rate 
of csPCa in the TZ (24). Our findings also suggest that 
a lower minimum ADC value can improve the detection 
of csPCa. In contrast to a previous study, which utilized 
cognitive fusion biopsy, we used the Biojet procedure 
for fusion biopsy. Differences among biopsy techniques 
can greatly influence the accuracy of pathological tissue 
sampling. Indeed, the specificity in our study was 88%, 
compared with 83% in the work of Ono et al. (24), which 
may be related to the diagnostic power of the biopsy 
technique. Furthermore, in our study, the GG was assessed 
by two genitourinary pathologists (S.S. and H.T), which 
may have improved the detection of csPCa. A notable 
strength of the present study was that we demonstrated the 
importance of the minimum ADC value, despite using a 
more accurate biopsy technique. However, it is challenging 
to compare the cutoff values between the present study 
and the study performed by Ono et al.; additional cases are 
needed (24).

Our study also considered the issue of false-positive 
results and the reproducibility of our methods. While 
the minimum ADC value proved useful in differentiating 
between benign and malignant lesions, there remains a 
possibility of false positives. To mitigate this, we employed 
the Biojet procedure for fusion biopsy and had samples 
reviewed by experienced genitourinary pathologists. 
However, false positives can still occur due to inherent 
limitations in imaging and biopsy techniques.

Previous studies have demonstrated that the mean ADC 
value is useful for detection of csPCa in the TZ (25,26). 
However, these studies did not compare minimum and 
mean ADC values in the context of csPCa detection. 
Nevertheless, studies of liver and breast tumors have 
demonstrated that the minimum ADC value is more 
sensitive and specific than the mean ADC value (27,28). 
The minimum ADC value is less influenced by the manual 
delineation of target lesions, facilitating the identification 
of ROIs in a simple manner. Therefore, although the mean 
ADC value is a predictor of csPCa in the TZ region, we 
suggest routine evaluation of the minimum ADC value 
in clinical practice. This approach could provide a more 
robust and accurate method for the identification of csPCa, 
enhancing the accuracy and efficiency of PCa diagnosis and 
management. 

Regarding the reproducibility of our methods, we 
acknowledge that manual delineation of ROIs can lead 
to variability in ADC measurements. To address this, 
the delineation was performed by a blinded reader who 
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Figure 2 The ROC curve of the minimum ADC and detection of 
clinically significant prostate cancer. The red point is the optimal 
cut-off point with the highest Youden index. The AUC was 0.778. 
AUC, area under the curve; CI, confidence interval; ROC, receiver 
operating characteristic; ADC, apparent diffusion coefficient.

Table 3 Minimum ADC value and results of biopsy

Minimum ADC category ncsPC csPC Total

Minimum ADC <561 μm2/s 40 54 94

Minimum ADC ≥561 μm2/s 90 12 102

Total 130 66 196

ADC, apparent diffusion coefficient; ncsPC, non-csPC; csPC, 
clinically significant prostate cancer. 
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specialized in urogenital imaging, reducing subjective 
bias. Despite this, variability is an inherent challenge, and 
future studies should explore automated or semi-automated 
techniques to enhance reproducibility.

In total, 94 patients had lesions with a minimum ADC 
value <561 µm2/s. The detection rate for csPCa at this 
cutoff value was 57.4% (54/94), which was higher than the 
overall detection rate of 33.7% among the 196 patients 
with PI-RADS 3–5 lesions. Conversely, the remaining 
102 patients had lesions with a minimum ADC value  
≥561 µm2/s, and the csPCa detection rate was 11.8% 
(12/102), indicating that 90 (88.2%) of the 102 patients 
could potentially avoid unnecessary prostate biopsies. 
However, using this cutoff value, csPCa was missed in  
12 (11.8%) of 102 patients. Therefore, further studies 
are needed to integrate the minimum ADC value with 
other markers. Nevertheless, in clinical practice, low ADC 
values may suggest areas of csPCa, providing patients and 
physicians with useful information before biopsy.

Although this study provided new insights regarding 
PI-RADS assessment for patients with csPCa in the TZ, 
it had some limitations. First, it was a retrospective study 
conducted at a single institution; thus, the generalizability 
of the results was limited due to the relatively small sample 
size. Second, we could not exclude the possibility of false-
positive results in the PI-RADS assessment or sampling 
errors during MRI-FBx. Although a radiologist with 
expertise in urogenital imaging performed the PI-RADS 
assessments and conducted MRI-FBx for lesions rated PI-
RADS 3–5, sampling errors were possible. Finally, the 
ROIs were manually delineated, potentially resulting in low 
reproducibility due to the freehand method used. 

In conclusion, the minimum ADC value enhances the 
detection of csPCa in the TZ, which could enhance the 
detection rates of potentially cancerous lesions, particularly 
those rated as PI-RADS 3–5. Additionally, it provides 
valuable information related to the need for follow-up 
biopsies in areas that are initially cancer-free. Our findings 
will contribute to the advancement of diagnostic imaging 
techniques for csPCa in the TZ, potentially reducing 
unnecessary needle biopsies.

Conclusions

The minimum ADC value has demonstrated added value 
in indicating the presence of csPCa in the TZ. This finding 
could enhance the detection rates of lesions deemed 
suspicious for cancer, particularly those rated as PI-RADS 

3 or higher. Additionally, it may provide valuable guidance 
on whether to conduct follow-up biopsies in areas initially 
deemed negative. We anticipate that these insights will 
contribute to the advancement of imaging diagnostic 
capabilities for csPCa in the TZ, potentially leading 
to a decrease in unnecessary prostate needle biopsies. 
The findings from this study suggest that incorporating 
minimum ADC values into clinical practice can provide 
clinicians with valuable pre-biopsy information, potentially 
improving diagnostic accuracy and patient outcomes. 
Future research should focus on validating these results 
in larger, multicenter studies and exploring automated 
methods for ADC measurement to enhance reproducibility 
and scalability in clinical settings. By doing so, we can 
advance the standardization of MRI evaluation protocols 
and optimize PCa diagnostic pathways.
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