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The number of therapeutic options continues to increase for men with high-risk localized 

prostate cancer [1]. Risk stratification within a given National Comprehensive Cancer 

Network (NCCN) risk group remains challenging [2]. Arter-aAI Prostate, a multimodal 

artificial intelligence (MMAI) prognostic biomarker, was developed and validated using data 

from randomized trials in localized prostate cancer for prognostication of multiple clinically 

relevant endpoints [3]. Here we report the performance of this MMAI biomarker for men 

with high-risk prostate cancer from six phase 3 randomized trials.

After approval from NRG Oncology, histopathology slides from six phase 3 randomized 

trials that included men with prostate cancer with at least one NCCN high/very high 

(H/VH) risk factor were collected from the NRG/RTOG biobank and digitized. The six 

trials included the four randomized trials used for the original MMAI validation cohort 

(NRG/RTOG 9202, 9408, 9413, and 9910; n = 426) and two independent trials that were not 

part of the initial MMAI development and validation process (NRG/RTOG 0521, n = 344; 

NRG/RTOG 9902, n = 318).

Digitized images were combined with clinical information to generate an MMAI score 

from the locked model for each patient (Supplementary material). Fine-Gray and cumulative 

incidence analyses were performed to evaluate time to distant metastasis (DM), prostate 
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cancer-specific mortality (PCSM), and death with DM (DDM) stratified by the MMAI 

model score, both as a continuous score (per increment in standard deviation) and 

categorically by quartile. Multivariable analyses (MVAs) were conducted to demonstrate 

the independent effect of the MMAI model and the number of NCCN H/VH risk factors 

(defined as cT3–4, Gleason 8–10, prostate-specific antigen [PSA] >20 ng/ml, and primary 

Gleason pattern 5). Other clinical variables (age; PSA; primary, secondary, and Gleason sum 

score; T stage) were not included in the primary MVA as they are included in the MMAI 

model, but were included in supplementary MVAs to further characterize the effect of the 

MMAI. We calculated the absolute difference in estimated event rates, and the associated 

95% confidence intervals (CIs) were determined via bootstrapping 10 000 times. Death from 

other causes was treated as a competing risk. The study adhered to the TRIPOD reporting 

requirements for prognostic studies [4].

The high-risk validation cohort (n = 1088) had median follow-up of 10.4 yr (interquartile 

range [IQR] 9.1–11.8). The median PSA was 21.4 ng/ml (IQR 9.5–39.3), 60% had Gleason 

8–10 disease, 37% had cT3–4 disease, and 20% were Black (Supplementary Table 1). On 

MVA, after adjusting for the number of H/VH risk features (n = 1034), the MMAI model 

remained significantly associated with DM (subdistribution hazard ratio [sHR] 1.90, 95% CI 

1.57–2.31; p < 0.001), PCSM (sHR 2.06, 95% CI 1.67–2.54; p < 0.001), and DDM (sHR 

2.12, 95% CI 1.72–2.62; p < 0.001; Fig. 1A). The MMAI model also remained significantly 

associated with DM after adjusting for individual clinical variables (Supplementary Table 3).

The estimated 10-year DM risk was 8% for MMAI quartiles Q1–2 versus 26% for MMAI 

Q3–4, with a total absolute difference of 18% (95% CI 14–22%; Fig. 1B). There were 

similar findings for PCSM and DDM (Fig. 1C,D).

The MMAI prognostic biomarker was validated using data for men with high-risk prostate 

cancer within six phase 3 randomized trials and was independently prognostic over standard 

clinical and pathologic variables. Although patients had at least one NCCN H/VH risk 

factor, the MMAI biomarker identified those with highly variable risks for DM, PCSM, 

and DDM. Future efforts could extend this work beyond prognostication by evaluating 

how the MMAI biomarker interacts with specific treatments. This scalable tool can provide 

physicians and patients with more personalized information for shared decision-making on 

treatment [5].

The trials from which data were used are registered on ClinicalTrials.gov as NCT00004054, 

NCT00288080, NCT00767286, NCT00002597, NCT00769548, and NCT00005044.

This study was presented at the 2023 American Society of Clinical Oncology Genitourinary 

Cancers Symposium 2023.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
(A) UVA of the association between the MMAI score and DM and MVA of the association 

between the MMAI score and DM after adjustment for the number of H/VH risk factors. 

(B) Estimated 10-yr DM rates for MMAI Q1–2 versus Q3–4. (B) Estimated 15-yr PCSM 

rates for MMAI Q1–2 versus Q3–4. (D) Estimated 15-yr DDM rates for MMAI Q1–2 versus 

Q3–4. Abs. = absolute; CI = confidence interval; DDM = death with DM; DM = distant 

metastasis; MMAI = H/VH = high/very high; MMAI = multimodal artificial intelligence; 

MVA = multivariable analysis; PCSM = prostate cancer–specific mortality; Q = quartile; RF 

= risk factor; sHR = subdistribution hazard ratio; UVA = univariable analysis.
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