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Abstract: The objective of this study was to investigate the utility of conventional imaging combined with diffusion-
weighted magnetic resonance imaging (MRI) in identifying high-risk tumor characteristics in patients with localized 
prostate cancer. A retrospective cohort study was conducted on 194 patients who underwent surgery for localized 
prostate cancer. Patients were categorized into low-risk and high-risk groups based on clinical criteria. Imaging data 
were obtained using a MRI system, and various imaging parameters were analyzed, including T1-weighted imaging 
(T1WI), T2-weighted imaging (T2WI) signal intensities, diffusion-weighted MRI parameters, and their correlations 
with clinical characteristics. Statistical methods such as logistic regression, and receiver operating characteristic 
(ROC) analysis were employed to assess the diagnostic performance of the imaging parameters and to construct 
joint prediction models. A verification set prediction model was established and compared. The comparison of 
demographic and clinical characteristics between the low and high-risk groups revealed significant differences in 
the prostate-specific antigen (PSA) level, Gleason score, Tumor Size and prostate volume (PV). Standard imaging pa-
rameters, T1WI and T2WI signal intensities, exhibited significant differences between the low and high-risk groups. 
Additionally, diffusion-weighted MRI parameters, including signal intensities at different b values, apparent diffusion 
coefficient (ADC), Ktrans, and Kep, were notably associated with high-risk tumor characteristics in localized prostate 
cancer. Logistic regression analysis identified both standard imaging and diffusion-weighted MRI parameters as 
independent predictors of high-risk tumor characteristics. Furthermore, the ROC analysis demonstrated the diag-
nostic potential of T2WI signal intensity, signal intensity at 800 s/mm2, and ADC in identifying high-risk tumors. Joint 
prediction models combining standard imaging and diffusion-weighted MRI parameters showed high predictive 
accuracy for high-risk tumor characteristics in localized prostate cancer, with Area Under the Curve (AUC) values of 
0.777 for standard imaging, 0.826 for diffusion-weighted MRI, and 0.892 for the combined model. The AUC value 
for the prediction model in validation set was 0.860. In conclusion, this study underscores the diagnostic potential 
of conventional imaging combined with diffusion-weighted MRI in identifying high-risk tumor characteristics in pa-
tients with localized prostate cancer. Both standard imaging and diffusion-weighted MRI parameters were identified 
as non-invasive biomarkers for risk assessment and prognosis. These findings have implications for precision treat-
ment of localized prostate cancer, highlighting the potential integration of imaging-based risk assessment tools into 
clinical practice for tailored treatment strategies and improved patient outcomes.

Keywords: High-risk tumor characteristics, localized prostate cancer, conventional imaging, diffusion-weighted 
MRI enhancement

Introduction

Prostate cancer is one of the most prevalent 
malignancies affecting men worldwide, repre-
senting a significant public health concern [1, 
2]. According to global cancer statistics, pros-

tate cancer ranks as the second most diag-
nosed cancer and the fifth leading cause of 
cancer-related mortality in men [3, 4]. The  
characteristics of prostate cancer encompass-
es a diverse spectrum of disease presenta-
tions, ranging from indolent, localized tumors to 
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aggressive, metastatic disease [5, 6]. Effective 
risk stratification is paramount in guiding treat-
ment decisions and optimizing outcomes in 
patient with localized prostate cancer.

Traditionally, risk stratification in prostate can-
cer has relied on clinical parameters such as 
prostate-specific antigen (PSA) levels [7-9], 
Gleason score [10-12], and tumor stage [13], 
which are derived from histopathological asse- 
ssment. These parameters serve as corner-
stones in risk assessment and appropriate 
management approach determination, includ-
ing active surveillance, surgery, radiation thera-
py, or systemic therapy. However, the inherent 
limitations of traditional risk stratification tools 
underscore the need for adjunctive methods 
that can augment risk assessment accuracy 
and refine treatment decision-making.

Imaging modalities play a pivotal role in the 
diagnostic and prognostic evaluation of pros-
tate cancer, offering insights into the anatomi-
cal and functional characteristics of tumors. 
Conventional imaging techniques, including 
magnetic resonance imaging (MRI), provide 
valuable information on the location, extent, 
and morphology of prostate tumors, aiding in 
treatment planning and disease staging [14]. 
Moreover, advanced MRI sequences, such as 
diffusion-weighted imaging (DWI), have shown 
promise in delineating tumor microstructure 
and assessing vascular perfusion, respectively 
[15].

This study aimed to investigate the utility of 
conventional imaging combined with diffusion-
weighted MRI in identifying high-risk tumor 
characteristics in patients with localized pros-
tate cancer. By integrating the macroscopic 
insights from conventional imaging with the 
microstructural assessments provided by diffu-
sion-weighted MRI, this study sought to evalu-
ate the potential of this comprehensive imaging 
approach in risk stratification and prognostica-
tion in localized prostate cancer.

Materials and methods

Study design

This study was approved by the Ethics Com- 
mittee and Institutional Review Board of the 
Affiliated Nanhua Hospital, Hengyang Medical 
School, University of South China. Informed 

consent for this retrospective study was waived 
as only de-identified patient data was used, 
with no potential harm or impact on patient 
care.

Clinical data were collected from patients with 
localized prostate cancer who underwent sur-
gery at the Affiliated Nanhua Hospital of Heng- 
yang Medical School from January 2023 to 
June 2023. Patients were categorized into low-
risk (n = 101) and high-risk (n = 93) groups 
based on Gleason Scores (GS) ≥ 8 or PSA levels 
≥ 20 ng/mL.

Inclusion and exclusion criteria

Inclusion criteria: Patients meeting diagnostic 
criteria for localized prostate cancer [16]; TNM 
stage T2; Patients who underwent radical pros-
tatectomy within one month; Patients con-
firmed to have prostate cancer confined to the 
capsule after radical prostatectomy; Age > 18 
years; Normal mental and cognitive function; 
Complete medical records.

Exclusion criteria: Simultaneous involvement of 
the peripheral zone and central gland of the 
prostate; Patients who underwent transrectal 
biopsy and treatment before the MRI examina-
tion; Concurrent other cancers; Patients with 
significant organ diseases (e.g., heart, liver,  
kidney); Benign prostatic hyperplasia; Presence 
of bone metastases or distant metastases; 
Patients with poor general condition unable to 
undergo surgical treatment.

Examination method

MRI examination: The MRI examinations were 
performed using an MRI system (SIGNA Pio- 
neer 3.0T, GE, USA) with a 32-channel body 
coil. Patients were instructed to drink a small 
amount of water before the MRI examination to 
moderately fill the bladder. For the examina-
tion, the body coil was placed at the pubic sym-
physis, and the scanning range included the 
prostate and seminal vesicles. (1) MRI Plain 
Scan: Transverse T1-weighted imaging (T1WI) 
sequences (TR 500 ms, TE 13 ms), transverse 
T2-weighted imaging (T2WI) sequences (TR 
6000 ms, TE 110 ms), transverse fat-sup-
pressed T2WI sequences (TR 1483 ms, TE70 
ms), and coronal fat-suppressed T2WI sequenc-
es (TR 5189 ms, TE 98 ms) were used to scan 
and assess the overall condition of the pros-
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tate and seminal vesicles, and to observe for 
any metastases [17]. DWI Examination: A sin-
gle-shot spin-echo echo-planar imaging se- 
quence was selected with transverse scan ori-
entation and the following parameters: TR 
3200 ms, TE 90 ms, slice gap 0.5 mm, slice 
thickness 4.0 mm, field of view 300 mm × 300 
mm, matrix 256 × 256, with diffusion sensitivi-
ties (b-values) of 50 s/mm2 and 800 s/mm2. A 
no-gap scan was performed for 100 s, and the 
apparent diffusion coefficient (ADC) map was 
automatically generated by the MRI console.

MRI image processing: The MRI images ob- 
tained from the scans were saved to the GE 
SIGNATM post-processing workstation for ima- 
ge analysis, measuring the signal intensities of 
T1WI and T2WI images. In the analysis of the 
ADC map derived from diffusion-weighted 
imaging, the center of the lesion was selected 
as the region of interest (ROI), and the signal 
intensities at different b-values, as well as the 
ADC value of the lesion, were measured, with 
three consecutive measurements taken and 
averaged. In the analysis of imaging, the most 
prominently enhanced region within the lesion 
was selected as the ROI, and a time-intensity 
curve (TIC) was plotted, with measurements of 
the transfer constant (Ktrans) and rate constant 
(Kep) for the ROI were recorded.

Detection indicators

In this study, a systematic retrieval of patient 
information was performed, including age, body 
mass index (BMI), smoking history, alcohol 
intake history, hypertension, diabetes, hyperlip-
idemia, family history of prostate cancer, PSA 
level, and Gleason score. Prior to the surgery, 5 
mL of fasting venous blood was drawn from 
each patient, centrifuged at 3,000 rpm for 10 
minutes to obtain serum, and the serum PSA 
level was determined using chemilumines-
cence immunoassay. Pathological examination 
was conducted on all excised tumor tissues, 
and the Gleason score was determined accord-
ing to the Prostate Cancer Pathological Grading 
Consensus [18]. Serological parameters includ-
ed white blood cell (WBC) count, red blood cell 
(RBC) count, hemoglobin (Hb) levels, mean 
platelet volume (MPV), neutrophil-to-lympho-
cyte ratio (NLR), lymphocyte-to-monocyte ra- 
tio (LMR), platelet-to-lymphocyte ratio (PLR), 
neutrophil count, lymphocyte count, monocyte 

count, and platelet count. 4 mL of fasting 
venous blood from was drawn from all patients 
in the morning, left to stand for 2 hours, centri-
fuged at 3,000 rpm for 10 minutes, and the 
upper serum was stored in a refrigerator at 
-20°C for later use. The NLR, LMR, and PLR val-
ues were measured using an automated blood 
cell analyzer (Sysmex Corporation, XT-4000i).

Statistical methods

Data analysis was conducted using SPSS 29.0 
statistical software (SPSS Inc., Chicago, IL, 
USA). Categorical data were presented as [n 
(%)] and chi-square tests were performed using 
the basic formula when the sample size was ≥ 
40 and the theoretical frequency T was ≥ 5. For 
sample sizes ≥ 40 but theoretical frequencies 
1 ≤ T < 5, a corrected formula chi-square test 
was utilized. When the sample size was < 40 or 
the theoretical frequency T < 1, statistical anal-
ysis was performed using Fisher’s exact proba-
bility test. The Shapiro-Wilk method was used 
to assess the normality of continuous vari-
ables. Normally distributed continuous vari-
ables were expressed as (

_
x  ± s), and a correct-

ed variance t-test was employed. Non-normally 
distributed data were presented in the form  
of median (25th percentile, 75th percentile) 
and analyzed using the Wilcoxon rank-sum test. 
A two-sided P Value of < 0.05 was consider- 
ed statistically significant. Pearson correlation 
analysis was performed for continuous vari-
ables. Variables showing significant differences 
in both the difference and correlation analyses 
were included as covariates for logistic regres-
sion analysis. The area under the receiver oper-
ating characteristic (ROC) curve (AUC) was used 
to evaluate the diagnostic performance of dif-
fusion-weighted MRI alone, standard imaging, 
and combined approach for the high-risk tumor 
features of localized prostate cancer. A joint 
prediction model was constructed using the 
Gradient Boosting Machine (GBM) algorithm. 
The GBM algorithm initially calculates pseudo-
residuals based on the initial model, then 
builds a base learner to interpret the pseudo-
residuals, which decreases the residuals in the 
gradient direction. The base learner was then 
multiplied by a weighting coefficient (learning 
rate) and combined with the original model to 
form a new model. This was iterated to find a 
model that minimizes the expected loss func-
tion. Additionally, the nnet and pls algorithms 
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Table 1. Comparison of general information and demographic characteristics between the low- and 
high-risk groups

Characteristic Low Risk Group  
(n = 101)

High Risk Group  
(n = 93) t/χ2 P Value

Age (years) 60.75 ± 5.32 62.21 ± 6.44 1.714 0.088
BMI (kg/m2) 26.65 ± 1.89 27.08 ± 2.21 1.443 0.151
Smoking history 28 (27.72%) 23 (24.73%) 0.096 0.757
Alcohol consumption history 15 (14.85%) 15 (16.13%) 0.002 0.962
Hypertension [n (%)] 49 (48.51%) 42 (45.16%) 0.105 0.746
Diabetes [n (%)] 30 (29.7%) 24 (25.81%) 0.198 0.657
Hyperlipidemia [n (%)] 43 (42.57%) 36 (38.71%) 0.161 0.688
Family history of prostate cancer (Yes/No) 30 (29.7%) 37 (39.78%) 1.754 0.185
PSA level (ng/mL) 18.34 ± 6.21 21.78 ± 1.52 5.392 P < 0.001
Gleason score 7.53 ± 1.52 8.23 ± 1.61 3.087 0.002
Notes: BMI: body mass index; PSA: prostate-specific antigen.

Table 2. Comparison of tumor characteristics between the low- 
and high-risk groups

Characteristic Low Risk Group 
(n = 101)

High Risk  
Group (n = 93) t/χ2 P Value

Tumor Size (cm) 3.45 ± 1.55 4.76 ± 2.25 4.689 P < 0.001
PV/mL 42.16 ± 8.32 38.43 ± 8.92 3.008 0.003
Tumor location None 0.067
    Peripheral zone 51 (50.5%) 52 (55.91%)
    Central zone 21 (20.79%) 15 (16.13%)
    Transition zone 26 (25.74%) 18 (19.35%)
    Periurethral 3 (2.97%) 2 (2.15%)
    Lymph 0 (0.00%) 6 (6.45%)
Pathological Stage 7.475 0.024
    T1 31 (30.69%) 25 (26.88%)
    T2 46 (45.54%) 58 (62.37%)
    T3 24 (23.76%) 10 (10.75%)
Note: PV: prostate volume.

were also employed to construct the joint pre-
diction model.

To validate the model, an additional 150 pa- 
tients from July 2023 to December 2023 who 
met the requirements were included as the vali-
dation set. These patients were divided into 
high-risk and low-risk groups using the same 
method as the primary analysis. The data in the 
model were collected and ROC analysis was 
carried out to establish the validation set pre-
diction model.

Results

General information

In this study, the general demographic charac-
teristics of patients in low (n = 101) and high (n 

= 93) risk groups were com-
pared. No significant differenc-
es were observed in age, BMI, 
smoking history, alcohol con-
sumption, hypertension, diabe-
tes, hyperlipidemia, or family 
history of prostate cancer (all P 
> 0.05) between the high and 
low risk groups. However, PSA 
levels (t = 5.392, P < 0.001) and 
Gleason scores (t = 3.087, P = 
0.002) were significantly higher 
in the high-risk group compared 
to the low-risk group (Table 1). 
These findings underscore the 
importance of PSA levels and 
Gleason scores in distinguish-
ing between low- and high-risk 
prostate cancer patients.

Tumor characteristics

As shown in Table 2, significant differences 
were found in tumor size (P < 0.001), prostate 
volume (PV)/mL (P = 0.003), and pathological 
stage (P = 0.024) between the low and high risk 
groups. High-risk group demonstrated larger 
tumors, lower prostate volume, and more 
advanced stages, especially T2 and T3, com-
pared to the low-risk group. Tumor location did 
not differ significantly between the two groups 
(P > 0.05).

Blood routine findings

In terms of hematological parameters, no sig-
nificant differences were observed between 
the low risk and high risk groups in terms of 
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Table 3. Comparison of blood routine indices between the low- and high-risk groups
Characteristic Low Risk Group (n = 101) High Risk Group (n = 93) t/χ2 P Value
Hemoglobin (g/L) 134.21 ± 10.41 135.27 ± 9.35 0.747 0.456
Red blood cell count (× 1012/L) 4.35 ± 0.52 4.41 ± 0.47 0.729 0.467
White blood cell count (× 109/L) 6.05 ± 1.08 6.14 ± 1.14 0.573 0.567
Neutrophil count (× 109/L) 4.27 ± 0.82 4.33 ± 0.75 0.605 0.546
Platelet count (× 109/L) 218.71 ± 14.72 220.68 ± 13.09 0.991 0.323

Table 4. Comparison of MRI plain scan parameters between the low- and high-risk groups
Parameter Low risk (n = 101) High risk (n = 93) t P Value
T1WI signal intensity 289.24 ± 30.18 259.15 ± 40.16 5.862 P < 0.001
T2WI signal intensity 303.25 ± 20.15 283.36 ± 30.28 5.339 P < 0.001

Table 5. Comparison of diffusion-weighted MRI parameters between the low- and high-risk groups
MRI Characteristic Low Risk Group (n = 101) High Risk Group (n = 93) t P Value
Signal Intensity 50 s/mm2 86.77 ± 7.75 95.68 ± 8.02 7.850 P < 0.001

800 s/mm2 101.56 ± 11.42 113.68 ± 9.64 8.006 P < 0.001
ADC (10-5 mm2/s) 107.84 ± 12.64 95.64 ± 13.58 6.461 P < 0.001
Transfer constant (Ktrans) 0.29 ± 0.07 0.37 ± 0.09 6.797 P < 0.001
Rate constant (Kep) 0.67 ± 0.08 0.74 ± 0.06 6.611 P < 0.001
Note: ADC: apparent diffusion coefficient.

hemoglobin level, RBC count, WBC count, neu-
trophil count, or platelet count (all P > 0.05, 
Table 3). These findings suggest that hemato-
logical characteristics are comparable across 
risk groups.

MRI plain scan findings

In this study, the comparison of plain scan MRI 
parameters between the low-risk and high-risk 
groups yielded significant differences in T1WI 
and T2WI signal intensities. The T1WI signal 
intensity was notably lower in the high-risk 
group compared to the low-risk group (259.15 
± 40.16 vs. 289.24 ± 30.18, t = 5.862, P < 
0.001). Similarly, the T2WI signal intensity was 
significantly lower in the high-risk group when 
compared to the low-risk group (283.36 ± 
30.28 vs. 303.25 ± 20.15, t = 5.339, P < 
0.001) (Table 4). These findings indicate that 
conventional MRI plain scans hold promise in 
identifying high-risk tumor characteristics in 
patients with localized prostate cancer.

Diffusion-weighted MRI findings

As shown in Table 5, a comparison of diffusion-
weighted MRI (DWI) characteristics between 

the two groups revealed significant differences. 
In the high-risk group, the signal intensities at b 
values of 50 s/mm2 and 800 s/mm2 were nota-
bly higher, with mean values of 95.68 ± 8.02 
and 113.68 ± 9.93, respectively, compared to 
86.77 ± 7.75 and 101.56 ± 11.42 in the low-
risk group (all P < 0.001). Furthermore, the ADC 
at 10-5 mm2/s was significantly lower in the 
high-risk group (95.93 ± 13.58) compared to 
the low-risk group (107.84 ± 12.93) (P < 0.001). 
Additionally, the diffusion parameters, Ktrans 
and Kep, were markedly higher in the high-risk 
group, with mean values of 0.37 ± 0.09 and 
0.74 ± 0.06, respectively, compared to 0.29 ± 
0.07 and 0.67 ± 0.08 in the low-risk group (all P 
< 0.001). These findings suggest a potential 
association between diffusion-weighted MRI 
and high-risk tumor characteristics in localized 
prostate cancer.

Correlation analysis

The correlation analysis of standard and diffu-
sion-weighted MRI parameters with high-risk 
features of localized prostate cancer (Table 6) 
revealed several significant associations. PSA 
level exhibited a positive correlation with high-
risk features (r = 0.351, P < 0.001), as did the 
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Table 6. Correlation analysis of standard/
diffusion-weighted MRI parameters with high-
risk features of localized prostate cancer

R P Value
PSA level (ng/mL) 0.351 P < 0.001
Gleason score 0.218 0.002
Tumor Size (cm) 0.325 P < 0.001
PV/mL -0.213 0.003
T1WI signal intensity -0.393 P < 0.001
T2WI signal intensity -0.365 P < 0.001
Signal Intensity (50 s/mm2) 0.493 P < 0.001
Signal Intensity (800 s/mm2) 0.498 P < 0.001
ADC (10-5 mm2/s) -0.424 P < 0.001
Transfer constant (Ktrans) 0.445 P < 0.001
Rate constant (Kep) 0.426 P < 0.001
Pathological Stage -0.068 0.343
Notes: PSA: prostate-specific antigen; PV: prostate vol-
ume; ADC: apparent diffusion coefficient.

Gleason score (r = 0.218, P = 0.002) and tumor 
size (r = 0.325, P < 0.001). Conversely, T1WI 
and T2WI signal intensities demonstrated neg-
ative correlations with high-risk features (r = 
-0.393, P < 0.001 and r = -0.365, P < 0.001, 
respectively). Furthermore, signal intensities at 
b values of 50 s/mm2 and 800 s/mm2, Ktrans, 
and Kep all displayed significant positive correla-
tions with high-risk features (r = 0.493, P < 
0.001; r = 0.498, P < 0.001; r = 0.445, P < 
0.001; r = 0.426, P < 0.001; respectively). 
Notably, the ADC, showed a significant negative 
correlation with high-risk features (r = -0.424, P 
< 0.001). The correlation between high-risk 
features and pathological stage was not signifi-
cant (r = -0.068, P = 0.343). These findings 
indicate that both standard imaging parame-
ters and diffusion-weighted MRI parameters 
were correlated with high-risk features of local-
ized prostate cancer.

Logistic regression analysis

The risk prediction analysis for high-risk fea-
tures in localized prostate cancer utilizing stan-
dard imaging and diffusion-weighted MRI pa- 
rameters (Table 7) demonstrated notable find-
ings. Tumor size (coef = 0.362, OR = 1.436), 
PSA level (coef = 0.181, OR = 1.198), signal 
intensity at 50 s/mm2 (coef = 0.143, OR = 
1.154), signal intensity at 800 s/mm2 (coef = 
0.112, OR = 1.119), transfer constant (Ktrans) 
(coef = 12.972, OR = 430058.626), and rate 
constant (Kep) (coef = 13.607, OR = 811673.44) 

were positively associated with high-risk sta-
tus. Conversely, PV/mL (coef = -0.051, OR = 
0.95) and ADC (coef = -0.071, OR = 0.931) 
were negatively associated with high-risk sta-
tus. Additionally, T1WI and T2WI signal intensi-
ties also showed negative associations (coef = 
-0.025, OR = 0.976 for T1WI; coef = -0.031, OR 
= 0.97 for T2WI). Gleason score (coef = 0.286, 
OR = 1.331) was another significant predictor. 
These findings indicate that both standard 
imaging parameters and diffusion-weighted 
MRI parameters are independent risk factors 
for high-risk features of localized prostate can- 
cer.

ROC analysis

The predictive value of standard imaging and 
diffusion-weighted MRI parameters for high-
risk status in localized prostate cancer was 
assessed, as shown in Table 8. AUC for various 
diagnostic parameters in distinguishing bet- 
ween low- and high-risk prostate cancer cases 
yielded the following results: PSA level (AUC = 
0.696), Gleason score (AUC = 0.619), tumor 
size (AUC = 0.677), PV/mL (AUC = 0.620), T1WI 
signal intensity (AUC = 0.718), T2WI signal 
intensity (AUC = 0.707), signal intensity at 50 s/
mm2 (AUC = 0.801), signal intensity at 800 s/
mm2 (AUC = 0.783), ADC (AUC = 0.749), transfer 
constant (Ktrans) (AUC = 0.765), and rate con-
stant (Kep) (AUC = 0.745). These findings high-
light the potential of these parameters in pre-
dicting high-risk status in localized prostate 
cancer.

Predictive value of joint model integrating stan-
dard MRI parameters for high-risk features in 
localized prostate cancer

As shown in Figure 1, the standard MRI param-
eters were combined to construct a joint model 
for predicting high-risk tumor characteristics in 
localized prostate cancer. The results revealed 
an AUC value of 0.777, higher than individual 
biomarkers. This suggests that the combined 
model of standard MRI imaging parameters 
holds predictive value for high-risk tumor char-
acteristics in localized prostate cancer.

Predictive value of joint model integrating dif-
fusion-weighted MRI parameters for high-risk 
features in localized prostate cancer

As depicted in Figure 2, the diffusion-weighted 
MRI enhancement parameters were combined 



High-risk tumor identification in prostate cancer with DW-MRI

4915 Am J Cancer Res 2024;14(10):4909-4921

Table 7. Logistic regression analysis of various MRI parameters for high-risk characteristics in local-
ized prostate cancer
Parameter coef Odds ratio B beta P Value
Tumor Size (cm) 0.362 1.436 4.295 0.362 P < 0.001
PV/mL 0.051 0.95 2.898 -0.051 0.004
PSA level (ng/mL) 0.181 1.198 4.437 0.181 P < 0.001
Gleason score 0.286 1.331 2.969 0.286 0.003
T1WI signal intensity 0.025 0.976 5.053 -0.025 P < 0.001
T2WI signal intensity 0.031 0.97 4.75 -0.031 P < 0.001
Signal Intensity (50 s/mm2) 0.143 1.154 6.103 0.143 P < 0.001
Signal Intensity (800 s/mm2) 0.112 1.119 6.059 0.112 P < 0.001
ADC (10-5 mm2/s) 0.071 0.931 5.396 -0.071 P < 0.001
Transfer constant (Ktrans) 12.972 430058.626 5.600 12.972 P < 0.001
Rate constant (Kep) 13.607 811673.44 5.352 13.607 P < 0.001
Notes: PSA: prostate-specific antigen; PV: prostate volume; ADC: apparent diffusion coefficient.

Table 8. Predictive performance of various MRI parameters for 
high-risk characteristics in localized prostate cancer

Parameter Sensitivities Specificities AUC Youden 
index

PSA level (ng/mL) 0.989 0.545 0.696 0.534
Gleason score 0.849 0.347 0.619 0.196
Tumor Size (cm) 0.591 0.703 0.677 0.294
PV/mL 0.452 0.782 0.620 0.234
T1WI signal intensity 0.559 0.812 0.718 0.371
T2WI signal intensity 0.645 0.772 0.707 0.417
Signal Intensity (50 s/mm2) 0.667 0.832 0.801 0.499
Signal Intensity (800 s/mm2) 0.892 0.535 0.783 0.427
ADC (10-5 mm2/s) 0.72 0.703 0.749 0.423
Transfer constant (Ktrans) 0.613 0.822 0.765 0.435
Rate constant (Kep) 0.591 0.802 0.745 0.393
Notes: PSA: prostate-specific antigen; PV: prostate volume; ADC: apparent diffu-
sion coefficient.

to construct a joint model for predicting high-
risk tumor characteristics in localized prostate 
cancer. The results revealed an AUC value of 
0.826, demonstrating a higher value than each 
individual parameter. This result indicates that 
the combined model of diffusion-weighted MRI 
enhancement parameters holds a strong pre-
dictive capability for high-risk tumor character-
istics in localized prostate cancer.

Predictive value of joint model integrating stan-
dard and diffusion-weighted MRI parameters 
for high-risk features in localized prostate 
cancer

As illustrated in Figure 3, the combination  
of standard MRI imaging parameters and 
enhanced diffusion-weighted MRI parameters 

to construct a joint model for 
predicting high-risk tumor char-
acteristics in localized prostate 
cancer revealed an AUC value 
of 0.892, higher than their sep-
arated prediction values. The- 
se results indicate that the 
combined model of standard 
imaging and diffusion-weight-
ed MRI parameters holds sub-
stantial predictive value for 
high-risk tumor characteristics 
in localized prostate cancer.

General patient information in 
external verification set

In the external validation co- 
hort, the comparison of demo-
graphic and health characteris-

tics between the low-risk (n = 80) and high-risk 
(n = 70) groups revealed no significant differ-
ences in age, BMI, smoking history, alcohol 
consumption, hypertension, diabetes, hyperlip-
idemia, or family history of prostate cancer (all 
P > 0.05) (Table 9). These findings suggest that 
the two groups were demographically and clini-
cally comparable.

Standard and diffusion-weighted MRI findings 
in validation set

Both standard and diffusion-weighted MRI pa- 
rameters showed significant differences bet- 
ween the low risk and high risk groups in the 
validation set. The low-risk group demonstrat-
ed higher T1WI (t = 6.374) and T2WI (t = 4.707) 
signal intensities, lower signal intensities at 50 
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Figure 1. Predictive value of joint model of standard MRI parameters for 
high-risk characteristics in localized prostate cancer.

Figure 2. Predictive value of joint model of diffusion-weighted MRI param-
eters for high-risk characteristics in localized prostate cancer.

s/mm2 (t = 9.346) and 800 s/
mm2 (t = 6.553), higher ADC 
values (t = 8.79), and lower 
transfer constant (Ktrans) (t = 
16.046) and rate constant 
(Kep) (t = 5.599) compared to 
the high-risk group (all P < 
0.05) (Table 10). These find-
ings indicate distinct MRI pro-
files associated with risk cate-
gorization in prostate cancer.

Predictive performance of the 
joint model in validation set

In the validation set, the com-
bined model integrating con-
ventional MRI parameters and 
diffusion-weighted and con-
trast-enhanced MRI metrics 
yielded an AUC value of 0.860, 
demonstrating excellent pre-
dictive performance (Figure 
4). This validation outcome 
underscores the efficacy of 
the joint model in accurately 
predicting prostate cancer ri- 
sk, highlighting its potential 
utility in clinical decision- 
making.

Discussion

In the comparison of demo-
graphic and clinical character-
istics between the low and 
high-risk groups, our study 
identified significant differe- 
nces in the PSA level and 
Gleason score. These obser-
vations were consistent with 
the established clinical under-
standing that higher PSA lev-
els and Gleason scores were 
associated with an increased 
risk of aggressive and advan- 
ced prostate cancer [19-21]. 
While age, BMI, and other clin-
ical characteristics did not dis-
play significant differences 
between the two groups, the 
PSA level and Gleason score 
emerged as pivotal indicators 
of high-risk tumor features. 
These results underscore the 
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Figure 3. Predictive value of joint model of standard and diffusion-weighted 
MRI parameters for high-risk characteristics in localized prostate cancer.

importance of these clinical parameters in risk 
stratification and prognosis assessment for 
patients with localized prostate cancer.

The findings from the MRI plain scan revealed 
significant differences in T1WI and T2WI signal 
intensities between the low-risk and high-risk 
groups. Lower T1WI and T2WI signal intensities 
were observed in the high-risk group, suggest-
ing the potential of conventional MRI in delin-
eating high-risk tumor characteristics. This 
aligns with existing literature that underscores 
the value of conventional MRI in providing in- 
sights into tumor characteristics and guiding 
clinical decision-making in prostate cancer [22-
24]. From a biological perspective, prostate 
cancer was characterized by heterogeneity in 
tumor characteristics, encompassing varying 
degrees of aggressiveness, cellular prolifera-
tion, and microstructural alterations. Conven- 
tional imaging techniques such as T1-weighted 
and T2-weighted MRI have been instrumental 
in capturing macroscopic features of prostate 
tumors, including size, shape, and anatomical 
localization [25]. These conventional imaging 
modalities provide essential anatomical and 

morphological information, en- 
abling the delineation of tumor 
boundaries and potential ex- 
tracapsular extension.

Furthermore, the comparison 
of diffusion-weighted MRI find-
ings revealed significant dif-
ferences in signal intensities 
at different b values, ADC, 
Ktrans, and Kep between the 
low-risk and high-risk groups. 
Higher signal intensities at b 
values of 50 s/mm2 and 800 
s/mm2 and lower ADC values 
were indicative of high-risk 
tumor characteristics, reflect-
ing the potential of diffusion-
weighted MRI parameters in 
capturing the aggressiveness 
and cellular characteristics  
of localized prostate cancer. 
These findings were consis-
tent with prior research high-
lighting the utility of diffusion-
weighted MRI in assessing 
tumor microstructures and 
cellular density, particularly in 

the context of prostate cancer [26-28]. By mea-
suring the movement of water molecules within 
tissues, diffusion-weighted MRI provides insig- 
ht into tumor cellular density, membrane integ-
rity, and microenvironment [29, 30]. Aggressive 
tumor features, such as high cellular density, 
increased cell proliferation, and restricted dif-
fusion, are often associated with high-grade 
Gleason patterns and extracapsular extension 
[31]. Consequently, diffusion-weighted MRI pa- 
rameters, including ADC values and signal 
intensities at various b-values, can serve as 
indirect biomarkers of tumor cellularity and 
aggressiveness.

While this study emphasizes the diagnostic 
potential of combining conventional imaging 
and diffusion-weighted MRI enhancement for 
identifying high-risk tumor characteristics in 
localized prostate cancer, it is important to 
address the advantages of this combined imag-
ing approach over other prediction markers. 
Traditional risk assessment tools, such as PSA 
levels and Gleason scores, although widely 
used in clinical practice, have certain limita-
tions in distinguishing between different risk 



High-risk tumor identification in prostate cancer with DW-MRI

4918 Am J Cancer Res 2024;14(10):4909-4921

Table 9. General information and demographic characteristics of patients in the validation set

Characteristic Low Risk Group  
(n = 80)

High Risk Group  
(n = 70) t/χ2 P Value

Age (years) 59.75 ± 5.77 60.01 ± 5.98 0.304 0.761
BMI (kg/m2) 25.56 ± 2.52 26.04 ± 2.64 1.300 0.195
Smoking history 16 (20.00%) 18 (25.71%) 0.206 0.650
Alcohol consumption history 8 (10.00%) 12 (17.14%) 0.817 0.366
Hypertension [n (%)] 30 (37.50%) 28 (40.00%) 0.000 1.000
Diabetes [n (%)] 21 (26.25%) 18 (25.71%) 0.005 0.944
Hyperlipidemia [n (%)] 26 (32.50%) 22 (31.43%) 0.029 0.865
Family history of prostate cancer (Yes/No) 24 (30.00%) 28 (40.00%) 0.696 0.404
Note: BMI: body mass index.

Table 10. Comparison of various MRI parameters between the low- and high-risk groups in the valida-
tion set
Parameter Low risk (n = 80) High risk (n = 70) t P Value
T1WI signal intensity 287.24 ± 27.48 258.57 ± 34.44 6.374 P < 0.001
T2WI signal intensity 301.57 ± 17.96 285.04 ± 29.14 4.707 P < 0.001
Signal Intensity 50 s/mm2 85.65 ± 6.83 95.68 ± 8.02 9.346 P < 0.001

800 s/mm2 100.42 ± 10.78 109.57 ± 8.62 6.553 P < 0.001
ADC (10-5 mm2/s) 106.75 ± 10.26 94.51 ± 9.13 8.79 P < 0.001
Transfer constant (Ktrans) 0.27 ± 0.06 0.39 ± 0.05 16.046 P < 0.001
Rate constant (Kep) 0.66 ± 0.09 0.73 ± 0.06 5.599 P < 0.001
Note: ADC: apparent diffusion coefficient.

Figure 4. Predictive value of joint models in validation set.

levels of prostate cancer. PSA 
levels can be influenced by 
multiple factors, such as pros-
tatitis or benign prostatic hy- 
perplasia, leading to false-
positive results. Similarly, Gle- 
ason scores rely on histopath-
ological assessments, which 
may be influenced by sam-
pling errors and lack compre-
hensiveness. In contrast, the 
combined use of conventional 
imaging and diffusion-weight-
ed MRI provides more intuitive 
and quantitative information, 
better reflecting the biological 
behavior and microenviron-
mental characteristics of the 
tumor. Diffusion-weighted im- 
aging, by measuring the diffu-
sion of water molecules within 
tissue, reveals changes in 
tumor cell density and micro-
structure, offering a unique 
perspective on tumor aggres-
siveness and heterogeneity. 



High-risk tumor identification in prostate cancer with DW-MRI

4919 Am J Cancer Res 2024;14(10):4909-4921

Additionally, dynamic contrast-enhanced MRI 
parameters such as the transfer constant 
(Ktrans) and rate constant (Kep) reflect tumor vas-
cular permeability and perfusion, further 
enhancing diagnostic accuracy. Therefore, this 
integrated imaging approach not only improves 
the precision of risk stratification but also sup-
ports the development of personalized treat-
ment strategies.

The correlation analysis further strengthened 
the association between standard imaging  
and diffusion-weighted MRI parameters with 
high-risk features of localized prostate cancer. 
Positive correlations were observed for PSA 
level and Gleason score, while negative correla-
tions were noted for T1WI and T2WI signal 
intensities with high-risk features. Additionally, 
diffusion parameters such as signal intensities 
at different b values, ADC, Ktrans, and Kep dis-
played significant correlations with high-risk 
tumor characteristics. These correlations em- 
phasize the potential of these imaging param-
eters as valuable biomarkers for risk assess-
ment and prognostication in localized prostate 
cancer.

The logistic regression analysis provided insig- 
hts into the independent risk factors for high-
risk tumor characteristics in localized prostate 
cancer. Both standard imaging parameters and 
diffusion-weighted MRI parameters emerged 
as independent predictors, with notable coeffi-
cients and odds ratios. Notably, Ktrans and Kep 
exhibited substantial coefficients, signifying 
their potential as robust predictors of high-risk 
tumor characteristics. These results empha-
size the utility of MRI parameters in risk predic-
tion and risk stratification, laying the founda-
tion for their integration into clinical practice for 
improved patient management in localized 
prostate cancer.

The predictive value of standard imaging and 
diffusion-weighted MRI parameters were fur-
ther supported by the ROC analysis, which 
yielded promising results. T2WI signal intensity 
exhibited high specificity and sensitivity, with a 
substantial AUC, highlighting its potential as a 
reliable biomarker for identifying high-risk 
tumor characteristics. Additionally, signal inten-
sity at 800 s/mm2 and ADC displayed meaning-
ful AUC values, further underlining their diag-
nostic potential. These results emphasize the 
clinical relevance of these imaging parameters 

in risk assessment and treatment planning for 
localized prostate cancer. In addition, a valida-
tion set of patients was used to further confirm 
the predictive performance of this model. The 
results showed excellent predictive value of the 
model, confirming the utility of integrating both 
standard imaging and diffusion-weighted MRI 
parameters for improving diagnostic accuracy.

Moreover, the construction of joint prediction 
models utilizing standard imaging and diffu-
sion-weighted MRI parameters highlighted  
their combined predictive value for high-risk 
tumor characteristics in localized prostate can-
cer. The high AUC values obtained for these 
joint models underscore their potential clinical 
utility as comprehensive risk assessment tools. 
The combination of conventional imaging and 
diffusion-weighted MRI enhances the comple-
mentary information derived from both modali-
ties. While conventional imaging provides mac-
roscopic anatomical details, diffusion-weighted 
MRI offers microstructural insights, thereby 
facilitating a comprehensive assessment of 
tumor characteristics. This combined approach 
harnesses the strengths of each modality, 
allowing for a more comprehensive and nuan- 
ced evaluation of tumor aggressiveness and 
risk stratification. The ability to capture both 
macroscopic and microscopic features of pros-
tate tumors contributes to the robust diagnos-
tic potential of the combined imaging approach. 
Moreover, technological advancements in MRI 
hardware, software, and imaging protocols 
have further optimized the diagnostic capabili-
ties of conventional and diffusion-weighted 
MRI. High-field MRI systems, advanced coil 
designs, and refined imaging sequences have 
enhanced spatial resolution, signal-to-noise 
ratio, and image quality, enabling the precise 
visualization of subtle anatomical and micro-
structural changes in the prostate gland. These 
technical developments have empowered radi-
ologists and clinicians to discern high-risk 
tumor characteristics with higher accuracy and 
confidence, thereby elevating the clinical utility 
of MRI in localized prostate cancer manage- 
ment.

While the findings of this study present signifi-
cant contributions to the field of imaging-based 
risk stratification in localized prostate cancer, 
several limitations should be acknowledged. 
The retrospective nature of the study introduc-
es inherent biases, and the findings should be 
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validated through prospective studies with larg-
er sample sizes. Additionally, the generalizabili-
ty of the results may be influenced by the sin-
gle-center design, highlighting the need for 
multi-center studies to corroborate the ob- 
served associations. Furthermore, the study 
focused on a specific cohort of patients, and 
the applicability of the findings to diverse 
patient populations needs to be examined. 
Future research should also explore the inte-
gration of advanced imaging modalities and 
multi-parametric approaches to further enhan- 
ce risk assessment and treatment decision-
making in localized prostate cancer. Research 
[32] has shown that the methylation status of 
LGALS3 cfDNA in semen can effectively distin-
guish early prostate cancer (PCa) from benign 
prostatic hyperplasia (BPH), and its perfor-
mance as a prostate cancer biomarker far 
exceeds traditional prostate-specific antigen 
(PSA) detection. This discovery may provide a 
new method for early diagnosis of prostate 
cancer.

Conclusion

In conclusion, our study highlights the diagnos-
tic potential of combining conventional and dif-
fusion-weighted MRI parameters in identifying 
high-risk tumor characteristics in patients with 
localized prostate cancer. The observed asso-
ciations between standard imaging and diffu-
sion-weighted MRI parameters with high-risk 
features underscore their value as non-invasive 
biomarkers for risk assessment and prognosti-
cation. These findings hold implications for pre-
cision treatment of localized prostate cancer, 
offering insights into the potential integration 
of imaging-based risk assessment tools into 
clinical practice for tailored treatment strate-
gies and improved patient outcomes. None- 
theless, further research endeavors are war-
ranted to validate these findings and explore 
the broader clinical applicability of imaging-
based risk stratification in localized prostate 
cancer.
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