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Value of a model combining clinical indicators with 
qualitative and quantitative contrast-enhanced ultrasound 

parameters for differentiating benign and malignant prostatic 
lesions 

INTRODUCTION 

Prostate lesions are common among men in 
middle and old age, and doctors often need to decide 
whether a lesion is likely to be benign or cancerous 
before choosing biopsy, observation, or treatment (1-

4). PSA testing and DRE are still used in the first 
assessment, but either test alone is not very specific; 
benign hyperplasia, infection or inflammation, and a 
large gland can all raise suspicion even without 
cancer (5-9). Because of this problem, current risk 
judgment usually puts several pieces of evidence 
together, including PSA-related numbers, physical 
examination, imaging results, and pathology when 
available (5, 9). 

Transrectal ultrasound is a common examination 
because it is direct, available in many hospitals, and 
useful when doctors need to locate a lesion or guide 
biopsy (10,11). Its weakness is also clear, since 
conventional ultrasound mainly describes the shape 
and echo of the prostate; it does not show small-
vessel perfusion well, and some early or nearly 
isoechoic cancers may not be obvious (12, 13). CEUS 
adds dynamic information after microbubble 
injection, so the examiner can watch how contrast 
enters and leaves the lesion; cancer may show strong 

enhancement, uneven filling, early entry of contrast, 
quick wash-out, or small areas with poor perfusion (14

-17). 
CEUS can also be analyzed with time-intensity 

curves. The common values include AT, TTP, PI, MTT, 
wash-in slope, and AUC, and these values give a more 
measurable description of the enhancement process 
(18, 19). However, benign and malignant lesions do not 
always look clearly different. Inflammation and 
hyperplastic nodules may have rich focal blood flow, 
while cancer can vary with tumor grade, size, and 
necrotic change (20-22). For this reason, a single sign 
from clinical examination or CEUS is often not enough 
for a dependable decision. 

Recent prostate imaging studies have therefore 
placed more weight on multi-index assessment and 
risk grouping (23-25). Even so, fewer studies have put 
routine clinical variables, visual CEUS features, and 
quantitative CEUS curve values into one model, and 
some reports did not show calibration results. The 
present study tried to join these three kinds of 
information in a logistic model that clinicians can still 
understand, then we tested both its discrimination 
and its internal stability. The aim was to find 
variables linked with malignancy and to offer a 
simple aid for diagnosis and risk assessment. 
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ABSTRACT 

Background: Benign prostate lesions and cancer can be difficult to separate when the 
judgment depends on one test only, this study reviewed routine clinical data, visual 
CEUS signs, and measured CEUS blood-flow values, then combined useful items in a 
simple prediction model. Materials and Methods: We reviewed 120 patients from one 
hospital, all had pathological proof of a prostate lesion and underwent transrectal 
ultrasound plus CEUS between January 2021 and December 2025; clinical indexes, 
image signs, and curve-based CEUS values were checked in benign and malignant 
cases, related variables were screened with logistic regression, and ROC analysis 
together with bootstrap resampling was used for model checking. Results: The 
malignant cases showed an unfavorable PSA pattern and abnormal DRE more often 
than benign cases, on CEUS they also had more hyperenhancement, uneven 
enhancement, early wash-in, and perfusion defects; the curve data suggested quicker 
and stronger enhancement. In the adjusted analysis, f/tPSA, PSAD, early wash-in, and 
PI remained related to cancer. The model reached an AUC of 0.930, with sensitivity of 
82.2% and specificity of 89.3%; the corrected AUC after bootstrap testing was 0.918. 
Conclusion: Putting clinical indexes together with visual and numerical CEUS 
information gave a useful and internally stable way to separate benign prostate 
lesions from malignant ones. 
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MATERIALS AND METHODS 
 

Study Population 
We screened consecutive patients treated in our 

hospital from January 2021 to December 2025. The 
study included only patients who had a prostate 
lesion and had finished both transrectal conventional 
ultrasound and CEUS. 

Patients were included when they met all of the 
following points: (1) age at least 18 years; (2) 
transrectal conventional ultrasound and CEUS 
performed because PSA was high, DRE was abnormal, 
or another imaging test suggested a prostate lesion; 
(3) pathology obtained within 2 weeks after CEUS, by 
systematic biopsy with targeted biopsy under 
transrectal ultrasound guidance, transurethral 
resection, or radical prostatectomy; (4) clinical 
records, CEUS images, and pathological results were 
complete; and (5) the images were clear enough for 
review. 

Patients were not kept in the analysis if any of 
these conditions were present: (1) previous prostate 
operation, radiotherapy, endocrine treatment, or 
other treatment that could change local perfusion; (2) 
poor CEUS recording or missing image data, so that 
curve values could not be taken; (3) absence of 
important clinical indexes; (4) pathology that did not 
give a clear result; or (5) an interval of more than 2 
weeks between CEUS and tissue sampling. 

After screening, 120 patients were available for 
analysis, with 75 benign lesions and 45 malignant 
lesions. 

 

Collection of clinical data 
We obtained the clinical and laboratory data from 

the electronic medical record system. The collected 
items were age, tPSA, fPSA, f/tPSA, prostate volume, 
PSAD, and DRE result. The prostate volume came 
from three diameters measured by transrectal 
ultrasound, namely anteroposterior, transverse, and 
craniocaudal diameters. We used the ellipsoid 
formula, prostate volume (mL) = anteroposterior 
diameter × transverse diameter × craniocaudal 
diameter × 0.52. PSAD was tPSA (ng/mL) divided by 
prostate volume (mL). DRE was recorded as 
abnormal or not obviously abnormal; nodules, a hard 
gland, or fixation were treated as abnormal findings. 

 

Ultrasound examination 
One physician completed all ultrasound 

examinations, and this physician had more than 10 
years of experience with prostate ultrasound. We 
used a Logiq E9 color Doppler system and an 
endorectal probe (GE Healthcare, Milwaukee, WI, 
USA). The probe worked at 4-9 MHz. Conventional 
ultrasound, CEUS mode, and the built-in quantitative 
software were available on the machine. The contrast 
agent was SonoVue, which contains sulfur 
hexafluoride  microbubbles  (Bracco  Suisse  SA, Plan- 

736 

les-Ouates, Switzerland). 
Before the scan, patients were asked to empty the 

rectum partly, and they lay in the left lateral position. 
Conventional transrectal ultrasound was performed 
first, mainly for prostate size, shape, capsule, internal 
echo, and suspected lesions. After that, the machine 
was switched to CEUS. A 1.5 mL bolus of SonoVue 
was given through the cubital vein, then 5 mL saline 
was injected, and dynamic recording began at the 
same time. The lesion and surrounding prostate 
tissue were watched for at least 120 s. The examiner 
tried to keep the probe position and pressure stable, 
because pressure changes could affect local 
perfusion. All cine loops were stored as DICOM files 
for later offline measurement. 

 

CEUS image analysis 
Two ultrasound doctors, both with more than 5 

years of experience in prostate CEUS, reviewed the 
images separately. They did not know the clinical 
information or the pathological diagnosis. When their 
readings were not the same, they discussed the case 
and reached one final result. The recorded visual 
CEUS signs were hyperenhancement, heterogeneous 
enhancement, early wash-in, rapid wash-out, unclear 
margin, and perfusion defect. 

For the numerical part, the dynamic CEUS clips 
were opened in the built-in software. The ROI was 
drawn manually on the image plane where the lesion 
enhanced most clearly, and the ROI covered as much 
of the lesion as possible. Calcification, necrotic or 
cystic areas, and large vessels were avoided. Another 
ROI with a similar setting was placed in nearby 
normal prostate tissue. The software produced the 
time-intensity curves, from which AT, TTP, PI, wash-
in slope, MTT, and AUC were taken. We used the 
same ROI rule and the same workflow in every case 
to keep measurement differences as low as possible. 
Figure 1 gives example CEUS images. 
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Figure 1. Representative conventional transrectal ultrasound 
and contrast-enhanced ultrasound images of malignant and 

benign prostatic lesions. (A, B) Prostate cancer showing rapid 
and marked arterial-phase hyperenhancement. (C) Prostatitis 

showing focal rapid arterial-phase hyperenhancement. (D) 
Benign prostatic lesion showing focal rapid arterial-phase  

hyperenhancement. Left images are conventional ultrasound; 
right images are contrast-enhanced ultrasound. Arrows             

indicate the target lesions or regions of interest. 
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Reference standard 
Pathology was taken as the final standard. Tissue 

was collected according to the clinical need, by 
transrectal ultrasound-guided systematic biopsy with 
targeted biopsy, transurethral resection of the 
prostate, or radical prostatectomy. The samples were 
fixed in 10% neutral buffered formalin, then 
processed, embedded in paraffin, and cut into 4 um 
slices with a microtome (Leica Biosystems, Wetzlar, 
Germany). H&E staining was done by routine 
laboratory methods, and the slides were examined 
with a light microscope (Olympus Corporation, 
Tokyo, Japan). 

Two pathologists with experience in prostate 
diagnosis read the slides independently, and they did 
not know the CEUS findings. Malignant lesions were 
prostate adenocarcinoma proved by pathology. 
Benign lesions covered benign prostatic hyperplasia, 
chronic prostatitis, and other non-cancer changes. If 
the two pathologists gave different opinions, they 
reviewed the slides together and made a consensus 
diagnosis. Figure 2 shows representative pathological 
images. 

Statistical analysis 
Data analysis was done with SPSS 26.0 (IBM Corp., 

Armonk, NY, USA), R 4.3.1 (R Foundation for 
Statistical Computing, Vienna, Austria), and PASS 15.0 
(NCSS, LLC, Kaysville, UT, USA). For continuous data, 
we used mean +/- standard deviation when the 
distribution was roughly normal, otherwise median 
and interquartile range were used. The independent-
samples t test or the Mann-Whitney U test was 
chosen as suitable. Count data were written as 
number with percentage, and were checked with the 
chi-square test or Fisher exact test. Variables 
associated with malignant lesions in the single-factor 
analysis were considered for logistic regression, after 
collinearity was checked. ROC analysis was used to 
describe discrimination, and 1,000 bootstrap samples 
were used to examine internal stability. P < 0.05 on 
two-sided testing was regarded as significant. 

 

 

RESULTS 
 

Comparison of general clinical characteristics 
The   clinical   comparison   is   listed   in   table   1.  

Patients in the malignant group were older, and their 
PSA-related results looked more suspicious. This 
group had higher tPSA and PSAD, lower f/tPSA, 
smaller prostate volume, and a higher rate of 
abnormal DRE findings, with all P values no more 
than 0.036. fPSA alone was not significantly different 
between groups (P=0.130). 

Comparison of qualitative CEUS imaging features 
Table 2 presents the visual CEUS findings. 

Hyperenhancement, heterogeneous enhancement, 
early wash-in, and perfusion defects were seen more 
often in malignant lesions, and all of these 
comparisons were significant (all P≤0.016). Rapid 
wash-out and unclear margin were also more 
common in the malignant group, but these two 
differences did not reach statistical significance 
(P=0.119 and P=0.083). 
 

Comparison of quantitative CEUS parameters 
The quantitative CEUS values are given in table 3. 

Compared with benign lesions, malignant lesions 
showed earlier and stronger enhancement, with 
shorter AT, TTP, and MTT, and higher PI, wash-in 
slope, and AUC (all P≤0.037). 

 

Univariable and multivariable logistic regression 
analyses 

Table   4   shows   the   regression   results.   In  the  

737 Yu et al. / CEUS model for prostatic lesions  

Figure 2. Representative histopathological photomicrographs 
of benign and malignant prostatic lesions. (A) Benign prostatic 

lesion showing benign glandular hyperplasia/chronic               
inflammatory changes. (B) Malignant prostatic lesion showing 

adenocarcinoma. Hematoxylin-eosin staining; original                
magnification: A, ×100; B, ×200. 

Table 1. Clinical characteristics of patients with benign and 
malignant prostatic lesions. 

Variable Benign Group 
(n = 75) 

Malignant 
Group (n = 45) Statistic P Value 

Age (years) 66.5 ± 6.6 69.3 ± 7.0 t = -2.13 0.036 

tPSA (ng/mL) 10.20 (7.42, 
14.12) 

15.92 (12.25, 
22.89) 

U = 
837.00 <0.001 

fPSA (ng/mL) 1.76 (1.23, 
2.40) 

1.96 (1.37, 
2.93) 

U = 
1408.00 0.13 

f/tPSA 0.176 ± 0.045 0.129 ± 0.040 t = 5.95 <0.001 
Prostate 

volume (mL) 53.0 ± 13.7 43.4 ± 11.0 t = 4.20 <0.001 

PSAD 0.20 (0.14, 
0.29) 

0.36 (0.30, 
0.54) 

U = 
635.00 <0.001 

Abnormal 
DRE, n (%) 15 (20.0) 20 (44.4) x2 = 6.99 0.008 

Data are presented as mean ± standard deviation, median 
(interquartile range), or n (%). P values represent comparisons be-
tween the benign and malignant groups. Independent-samples t test 
was used for normally distributed variables, Mann-Whitney U test for 
non-normally distributed variables, and x2 test for categorical varia-
bles. tPSA, total prostate-specific antigen; fPSA, free prostate-specific 
antigen; f/tPSA, free-to-total prostate-specific antigen ratio; PSAD, 
prostate-specific antigen density; DRE, digital rectal examination. 

Table 2. Qualitative contrast-enhanced ultrasound features in 
benign and malignant prostatic lesions. 

Variable 
Benign 
Group 

(n = 75) 

Malignant 
Group 

(n = 45) 
Statistic 

P Val-
ue 

Hyperenhancement, n (%) 30 (40.0) 29 (64.4) x2 = 5.78 0.016 
Heterogeneous enhance-

ment, n (%) 
24 (32.0) 28 (62.2) x2 = 9.27 0.002 

Early wash-in, n (%) 25 (33.3) 30 (66.7) x2 = 11.28 <0.001 
Rapid wash-out, n (%) 36 (48.0) 29 (64.4) x2 = 2.44 0.119 
Unclear margins, n (%) 25 (33.3) 23 (51.1) x2 = 3.00 0.083 

Perfusion defects, n (%) 11 (14.7) 18 (40.0) x2 = 8.52 0.004 
Data are presented as n (%). P values were calculated using the χ² test. 
CEUS, contrast-enhanced ultrasound. 
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univariable analysis, malignant lesions were 
associated with age, f/tPSA, PSAD, 
hyperenhancement, heterogeneous enhancement, 
early wash-in, perfusion defects, AT, PI, MTT, and 
AUC (all P<0.05). After adjustment, four variables 
remained in the model: f/tPSA, PSAD, early wash-in, 
and PI. 

Discriminative performance and internal 
validation of the combined model 

The final model used f/tPSA, PSAD, early wash-in, 
and PI, and the equation was: 

Logit(P) = -5.477 - 0.337 × (each 0.01 increase in 
f/tPSA) + 0.835 × (each 0.1 increase in PSAD) + 2.248 
× (early wash-in) + 0.314 × PI 

Here, early wash-in was entered as 0 for no and 1 
for yes, while P indicated the estimated probability of 
malignancy. The ROC curve gave an AUC of 0.930 
(95% CI: 0.883-0.968). With 0.432 as the selected 

cutoff, the sensitivity was 82.2%, the specificity was 
89.3%, and the accuracy was 86.7%. Bootstrap testing 
showed only small optimism (0.012), and the 
corrected AUC was 0.918. The calibration result was 
acceptable, with a Hosmer-Lemeshow P value of 
0.734 and a Brier score of 0.103. 

 
 

DISCUSSION 
 

This study asked whether simple clinical 
information and CEUS findings could be used together 
when judging benign and malignant prostate lesions. 
The adjusted analysis kept four items in the final 
model, namely f/tPSA, PSAD, early wash-in, and PI. 
With these items, the model showed good separation 
ability, reasonable calibration, and stable results in 
internal checking. The finding is consistent with daily 
practice, because doctors rarely depend on one result 
alone; PSA-related indexes, visual CEUS signs, and 
measured perfusion values are more useful when 
they are considered at the same time (14, 15, 17, 18, 23-25). 

For the clinical indexes, PSAD and f/tPSA were 
more useful than tPSA after adjustment. This result is 
not surprising. tPSA may increase in benign prostatic 
hyperplasia, prostatitis, urinary retention, and other 
non-cancer states, so its specificity is limited (5, 9, 12). 
PSAD partly corrects this problem by taking prostate 
size into account. f/tPSA describes the proportion of 
different PSA forms in blood, and it has been used for 
a long time in men suspected of having prostate 
cancer (12,23). Keeping both indexes in the model 
suggests that they add different information, rather 
than repeating the same message. 

The CEUS results also matched the expected blood
-flow changes in cancer. Malignant lesions more often 
had hyperenhancement, heterogeneous 
enhancement, early wash-in, and perfusion defects. 
Their curve values also showed shorter AT, TTP, and 
MTT, with higher PI, wash-in slope, and AUC. These 
changes may be related to tumor angiogenesis, 
immature vessels, and abnormal microcirculation (14-

18). Among the visual signs, only early wash-in 
remained after adjustment. This means that a quick 
visual entry of contrast may be a useful sign of 
malignant vascular change. Earlier CEUS studies also 
reported that prostate cancers often enhance earlier 
and more strongly than benign tissue (17-20). 

PI was the only measured perfusion value that 
stayed independently related to malignancy. Time-
related values may be affected by several 
hemodynamic factors at once, but PI mainly reflects 
the highest enhancement level, so it is closer to the 
intensity of local blood supply (18-20). The other CEUS 
values should not be viewed as meaningless only 
because they were not retained in the adjusted model. 
Some of them may overlap with PI or early wash-in, 
and some may lack specificity because inflammation 
and  hyperplastic  nodules  can  also  show  uneven  or  
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Table 3. Quantitative contrast-enhanced ultrasound perfusion 
parameters in benign and malignant prostatic lesions. 

Variable 
Benign Group 

(n = 75) 
Malignant 

Group (n = 45) 
Statistic P Value 

AT (s) 13.79 ± 1.72 12.28 ± 1.72 t = 4.66 <0.001 
TTP (s) 24.85 ± 2.96 23.60 ± 2.43 t = 2.50 0.014 
PI (dB) 19.05 ± 2.61 20.96 ± 2.23 t = -4.27 <0.001 

Wash-in slope 1.24 ± 0.27 1.48 ± 0.33 t = -4.12 <0.001 
MTT (s) 33.52 ± 4.30 30.71 ± 3.18 t = 4.09 <0.001 

AUC 804.00±112.05 850.90±120.58 t = -2.12 0.037 
Data are presented as mean ± standard deviation. P values were 
calculated using the independent-samples t test. CEUS, contrast-
enhanced ultrasound; AT, arrival time; TTP, time to peak; PI, peak 
intensity; MTT, mean transit time; AUC, area under the curve. 

Table 4. Univariable and multivariable logistic regression         
analyses of factors associated with malignant prostatic lesions. 

Variable 
Univariable 
OR (95% CI) 

P 
Value 

Multivariable 
OR (95% CI) 

P 
Value 

Age (per 
1-year increase) 

1.064 
(1.004-1.127) 

0.035 - - 

f/tPSA (per 
0.01 increase) 

0.772 
(0.692-0.861) 

<0.001 
0.714 

(0.607-0.839) 
<0.001 

PSAD (per 0.1 
increase) 

2.137 
(1.537-2.972) 

<0.001 
2.305 

(1.511-3.516) 
<0.001 

Hyperenhance-
ment (yes vs. no) 

2.719 
(1.265-5.845) 

0.01 - - 

Heterogeneous 
enhancement (yes 

vs. no) 

3.500 
(1.615-7.587) 

0.002 - - 

Early wash-in (yes 
vs. no) 

4.000 
(1.826-8.761) 

<0.001 
9.470 

(2.650-33.838) 
<0.001 

Perfusion defects 
(yes vs. no) 

3.879 
(1.618-9.301) 

0.002 - - 

AT (per 1-s 
increase) 

0.592 
(0.457-0.766) 

<0.001 - - 

PI (per 1-dB 
increase) 

1.382 
(1.162-1.644) 

<0.001 
1.369 

(1.063-1.762) 
0.015 

MTT (per 
1-s increase) 

0.827 
(0.743-0.922) 

<0.001 - - 

AUC (per 
1-unit increase) 

1.004 
(1.000-1.007) 

0.036 - - 

Odds ratios are presented with 95% confidence intervals. Variables 
entered into multivariable analysis were selected based on                   
univariable significance, clinical relevance, and lack of substantial 
collinearity. OR, odds ratio; CI, confidence interval; PSAD,                   
prostate-specific antigen density; AT, arrival time; PI, peak intensity; 
MTT, mean transit time; AUC, area under the curve. 
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rich enhancement (20-22). 
A useful feature of this work is that it did more 

than compare benign and malignant groups. It built a 
model that can be read and used without complex 
black-box methods. In actual clinical work, physicians 
usually combine serum markers, examination 
findings, and imaging signs before deciding whether a 
lesion is suspicious. The model in this study follows 
that habit, because it contains two laboratory 
indexes, one visual CEUS sign, and one curve-based 
perfusion value. Its AUC of 0.930 suggests that the 
combined approach has practical value. This agrees 
with previous studies in which multi-parameter 
models performed better than single-method 
assessment for prostate disease (23-25). A similar idea 
was also seen in an IJRR report, where MRI features 
used together helped separate prostatitis, benign 
prostatic hyperplasia, and prostate cancer (26). 

This study also included internal validation and 
calibration, which are sometimes absent in diagnostic 
papers. Bootstrap resampling showed low optimism, 
and the corrected AUC remained high. The Hosmer-
Lemeshow test and Brier score also suggested that 
predicted probabilities were reasonably close to 
observed results. These findings make the model 
more convincing as an auxiliary tool, although 
pathology remains the final basis for diagnosis [7,24]. 

Several limitations should be noted. The study 
was retrospective and came from one center, and the 
sample size was not large, so selection bias is 
possible. The model was checked internally only, and 
its performance in other hospitals, patient groups, 
operators, and ultrasound systems are still unknown. 
Benign and malignant lesions were also confirmed 
through different sampling methods, and biopsy can 
miss part of a lesion. In addition, malignant cases 
were not divided by Gleason score, tumor burden, or 
stage, and MRI or other imaging data were not added. 
Although CEUS and pathology images were included 
as examples, ROI drawing and image acquisition still 
need better standardization in later work. 

In general, both clinical indexes and CEUS 
perfusion features contributed to the separation of 
benign and malignant prostate lesions. The model 
including f/tPSA, PSAD, early wash-in, and PI may 
help with auxiliary diagnosis and biopsy decisions. 
Larger prospective studies from several centers are 
needed to test this model outside the present hospital 
and to see how much it adds when MRI or new 
biomarkers are also used. 

 
 

CONCLUSION 
 

Benign and malignant prostate lesions differed in 
clinical indexes and CEUS perfusion findings. f/tPSA, 
PSAD, early wash-in, and PI were independent factors 
linked with malignant lesions. The combined model 
showed good discrimination, stable internal 

performance, and acceptable calibration; it may serve 
as a reference for risk grading and auxiliary 
diagnosis. Before wider clinical use, prospective 
multicenter studies and external validation are still 
needed. 
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