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PLCO The Prostate, Lung, Colorectal and 

Ovarian (PLCO) Cancer Screening Trial

ERSPC, 8-yr follow-up
RR=0.80 (0.65-0.98)

ERSPC , 23-yr follow-up
RR=0.87 (0.80-0.95)

2025; 393:1669-16802009;360:1320-8.2009;360:1310-9.

PLCO, 7-yr follow-up
RR=1.13 (0.75-1.70)

Evidence from RCTs of prostate cancer screening

ERSPC European Randomized Study of 

Screening for Prostate Cancer





Estimated results of Markov model (m = 2) for natural history of prostate cancer with 
and without consideration of overdetection

Wu et al, 2012 Eu Urol



Overdiagnosis

60%



Population-wide PSA screening

Pros Cons

• False positives/ 
overdiagnosis

• False negatives

7

• Reduced prostate 
cancer mortality

• Improved quality of 
life

Prostate cancer screening: Pros & Cons
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Incidence of high-grade prostate cancer 
by PSA concentration

Data from Finnish Trial



Prostate cancer mortality 
by PSA concentration
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Multi-state Model incorporating PSA as a covariate

Free of PCa PCDP CP

𝜆1 = 𝜆10 × 𝑒𝑥𝑝 𝛽1 ∙ 𝑃𝑆𝐴

Parameters Estimate 95% CI

Incidence of preclinical Pca (per 1000)

Intercept 0.0002 0.0002, 0.0003

Regression coefficient for PSA 0.7724 0.7447, 0.8001

Transition from the PCDP to the CP

Intercept 0.0223 0.0165, 0.0281

Regression coefficient for PSA 0.1246 0.0990, 0.1503

𝜆2 = 𝜆20 × 𝑒𝑥𝑝 𝛽2 ∙ 𝑃𝑆𝐴

Data on PSA at diagnosis 
for interval cancers

RR=2.16, 95% CI: 2.11-2.23

RR=1.13, 95% CI: 1.10-1.16



Higher polygenic risk (PGS) raises 10-year risk at every PSA threshold, and the gap 
widens sharply above 8 ng/mL.
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Yang et al, Genes 2019

10y risk of PCa by PSA levels and genetic risk groups

LR+         1.30  1.55   2.40  2.83   2.69  5.45    4.7 7.71     5.3  10.6    10.1 18.1   25.6 39.2        - 69.2

LR- 0.18     - 0.31 0.08    0.51 0.24    0.6 0.28     0.75 0.48   0.82  0.5    0.89  0.74    0.93 0.87 



Smart Precision Prostate Cancer Screening
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Screening strategy
Incremental cost

(USD)
Incremental life-

year gained

Incremental cost 
effectiveness ratio

(USD/LYG)

No screening -

Universal 
4-y screening

133,837,735 2,564.75 52,184

Precision screening 129,589,498 2,908.65 44,553

Yang et al, 2021

Willing to Pay: 1 GDP

1 GDP (Finland, 2024):  USD, 53,189

Cost-Effectiveness Analysis of Prostate Cancer Screening



Emerging tools for early detection using PSA-related markers

PHI
Prostate Health Index

−2𝑝𝑟𝑜𝑃𝑆𝐴

𝑓𝑃𝑆𝐴
× 𝑡𝑃𝑆𝐴

4K Score

1. 𝑡𝑃𝑆𝐴
2. 𝑓𝑃𝑆𝐴
3. 𝑖𝑛𝑡𝑎𝑐𝑡 𝑃𝑆𝐴
4. ℎ𝑢𝑚𝑎𝑛 𝑘𝑎𝑙𝑙𝑖𝑘𝑟𝑒𝑖𝑛 −

𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑝𝑒𝑝𝑡𝑖𝑑𝑎𝑠𝑒 − 2, ℎ𝐾2

• 𝑡𝑃𝑆𝐴, 𝑡𝑜𝑡𝑎𝑙 𝑃𝑆𝐴
• 𝑓𝑃𝑆𝐴, 𝑓𝑟𝑒𝑒 𝑃𝑆𝐴



Kim et al, 2020 BMC Medicine

Emerging prostate cancer tumor markers enable better patient triage

Performance of the 
various tumor markers

Appropriate patient 
triage/management selection 

improves net benefit



Non-invasive imaging-based diagnosis and grading of PCa
Shao et al, 2025 Nature Cancer



50-63 y/o, male

Random allocation 1:3

Invitation . Control.

PSA  3 ng/ml  4KScore

4KScore positive (7.5%) 4KScore negative

mpMRI

Positive, 
biopsy

Negative

Follow-up

A Randomized Trial of Precision Prostate Cancer Screening

Anssi Auvinen
Tampere Univ.

PSA<1.5，
6-yr later inv

PSA 1.5~3，
4-yr later inv

Non PrCa, reinv 2-yr later

4KScore
1. Total PSA 

2. free PSA 

3. intact PSA 

4. human kallikrein-related 
peptidase-2 (hK2)

2018

15,299 45,544

PI-RADS, 3+

Auvinen et al, 2024 JAMA



50-63 y/o, male

Random allocation 1:3

Invitation . Control.

PSA  3 ng/ml  4KScore

4KScore positive (7.5%) 4KScore negative

mpMRI

Positive, 
biopsy

Negative
Follow-

up

A Randomized Trial of Precision Prostate Cancer 
Screening

Auvinen et al, 2024 JAMA

PSA<1.5，
6-yr later inv

PSA 1.5~3，
4-yr later inv

Non PrCa, reinv 2-yr later

4KScore
1. Total PSA 

2. free PSA 

3. intact PSA 

4. human kallikrein-related peptidase-2 
(hK2)

2018

15,299 45,544

PI-RADS, 3+

Goals of precision screening: 
• Reduce overdiagnosis of low-grade prostate cancer; 
• Increase detection of clinically significant (high-

grade) prostate cancer



50-63 y/o, male

Random allocation 1:3

ProScreen: Empirical Results

2018 60,843

Invitation Control

Auvinen et al, 2024 JAMA

15,299 45,544

Pos Neg

3.4% biopsy

~half attended 
screening

Cancer detection rate 2%
- Low grade 0.4% 
- High grade 1.6% 

CDR 1.4%

- L 0.3% 

- H 1.1% 

CDR 0.8% 

- L 0.14%

- H 0.62%
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AI-based non-invasive precision diagnosis and grading of PCa
Shao et al, 2025 Nature Cancer



AI and radiologists in Pca detection on MRI (PI-CAI):
an international, paired, noninferiority, confirmatory study



Saha et al, 2024 Lancet

insignificantsignificant

AI and radiologists in Pca detection on MRI (PI-CAI):
an international, paired, noninferiority, confirmatory study



AI-powered prostate cancer detection
a multi-centre, multi-scanner validation study



ROC Curve AUC

Non-inferiority design

AI-powered prostate cancer detection
a multi-centre, multi-scanner validation study

Eur Radiol (2025) Giganti F, Moreira da Silva N, Yeung M, et al.

A dedicated AI medical tool matches the performance of multidisciplinary team-supported 
radiologists in prostate cancer detection and generalises to multiple sites and scanners.
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Demographic changes in Taiwan 
D

ecrease
d

 
B

irth
 rate

In
crease

d
 D

em
an

d
 in

 H
ealth

 C
are 

fo
r C

h
o

rn
ic

D
ise

ase
s an

d
 C

an
ce

r

1985
Ages 3-21

1985
Ages 22-40

1985
Ages 60-78

1985
Ages 41-59

2005
Ages 3-21

2005
Ages 22-40

2005
Ages 41-59

2025
Ages 3-21

2025
Ages 22-40

2025
Ages 41-59

2005
Ages 60-78

2025
Ages 60-78

Generation Y

Generation Y

Generation X

Generation X

Baby boomers

Siient Generation Baby boomers

Generation Y

Gener Z, 

Ages 41–59 

Ages 60–78



One-Size-Fits-All vs. Precision Screening: Healthcare 
Utilization and Cancer Detection

PSA 50+

0~0.99 43.5%

1~1.99 27.2%

2~2.99 10.2%

3~3.99 5.5%

4~4.99 3.5%

5~5.99 2.4%

6~6.99 1.6%

7~7.99 1.2%

8~8.99 0.9%

9~9.99 0.7%

10+ 3.4%

PSA Interval

0~0.99
6-yr based age-

aware selective 

screening

1~1.99

2~2.99

3~3.99 4

4~4.99 4

5~5.99 3

6~6.99 3

7~7.99 2

8~8.99 1

9~9.99 1

10+
Intensive 

Surveillance

12-yr period
N ~ 4M male

One-Size-Fits-All
(Four-yearly)

 16M screens

Precision interval

 13.6 M screens

15% PSA screens

50-75 y/o

Taiwan Data



One-Size-Fits-All vs. Precision Screening 
Healthcare Utilization and Detection of Clinically Significant Cancer

13.6M PSA screens

2.6M PSA  4 ng/ML

16M PSA screens

3.06M 
PSA  3 ng/ML

182,800 GS 7

406,000 GS <7

2.18M biopsy

3-3.99 ng/mL: 
DRE/free PSA
4 ng/mL: Biopsy

12-yr period

• 4-10 ng/mL: 
PHI

• 10 ng/mL: 
Biopsy

• 4-10 ng/mL: 
AI-enabled mpMRI

• 10 ng/mL: 
Biopsy

30~50% biopsy

PSA % Interval

0~0.99 43.5% 6-yr based & 

age-aware 

selective 

screening
1~1.99 27.2%

2~2.99 10.2%

3~3.99 5.5% 4

4~4.99 3.5% 4

5~5.99 2.4% 3

6~6.99 1.6% 3

7~7.99 1.2% 2

8~8.99 0.9% 1

9~9.99 0.7% 1

10+ 3.4%
Intensive 

Surveillance

2.5M PHI

1.37M PHI  35

1.5M biopsy

349,200 GS 7

174,000 GS <7

2.5M mpMRI

0.96M PI-RADS 3+

1.1M biopsy

372,800 GS 7

184,400 GS <7

 90~100% HG detection



JAMA Network Open. 2025;8(6):e2515672

bpMRI
bpMRI + AI

AI system

bpMRI
bpMRI + AI

bpMRI
bpMRI + AI

All readers

Experts

Nonexperts



XAI-based non-invasive precision clinical decision-
making for PCa

By learning and 

leveraging key 

pathology-correlated 

features in mpMRI, 

the AI model 

improves consistency 

and explainability of 

grading

AI attention 
heatmap PathologyOriginal MRI

T2WI

DWI

ADC 

Structure

Cellular 
crowding

Restricted 
diffusion



Prostate 
tissue image

recognize various 
morphological 

concepts

delineate different 
morphological 

regions

quantify area 
proportions

• Gleason grading: malignancy judged by the degree of glandular architectural disorder on the slide, 
forming the Gleason score/ grade group.

• Morphology: appearance features that pathologists can name under the microscope (whether glands 
are fused, cribriform, or poorly formed)

Gleason XAI: Morphological Interpretation of PCa

AI predict
Gleason score

End-to-end black box
+ Grad-CAM/

• Conventional XAI = end-to-end black-box model + Grad-CAM (post-hoc explanation) 
• Gleason XAI: first predicts "morphological concepts 
• Predicted concepts: poorly formed glands / cribriform glands / well-formed structure

Gesa Mittmann et al., Nature, 2025

• Interpretations may not correspond to true 
pathological structures.

• Prone to confirmation bias
• Inconsistent with the real-world diagnostic 

workflow of pathologists.



Real Patient

Virtual Patient

Physical 
World

Computational World Virtual World

Primary Prevention

Environmental Hazard
Prevention

Life Style and Behavior Modification

Novel Biomarkers

Molecular
biomarkers

Secondary Prevention

Hormone TherapyRadiotherapy Adjuvant Chemotherapy
and Target Therapy 

Treatment and Therapy

Real Patient
with delayed 
cancer care

DNA-based
biomarkers

Chemoprevention

Image Profile: MRI/Patho

Surgery/Mini 
invasive surgery

Life Style+PSA+
Genetic Testing+MRI

Life style+Molecular
Marker+MRI+Surgery+

Hormone Therapy

Life Style+ Environment+
PSA Screening

PSA/fPSA/PHI

Digital Twin-enabled Adaptive Precision Screening 
and Surveillance 



Conclusion

1
Universal screening: benefit at a cost

13% lower PCa mortality (ERSPC), but 
~60% overdiagnosis

2
Precision screening does better

PSA + genetic risk tailor start age and 
interval; more cost-effective

3
AI + digital twins personalize it

AI reads MRI at expert level; digital 
twins evaluate screening at the person 
level

Taiwan projection
4M men, 50–75 y, 12 years

↓15% PSA screens

↓30–50% biopsies

~2× high-grade 
cancers found

↓55% low-grade
overdiagnosis

Take-home: find more cancers that matter, with fewer tests and less overdiagnosis



Thank you for your attention!


