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Abstract
Traditional risk stratification in localized prostate cancer provides broad treatment guidance but lacks the preci­
sion necessary for individualized care. Commercially available biomarkers, including Decipher (Veracyte), Prolaris 
(Myriad Genetics, Inc), Genomic Prostate Score (mdxhealth), and ArteraAI, have recently demonstrated improved 
prognostic and predictive capabilities. These tools can assist clinical decision-making in key scenarios, includ­
ing active surveillance, intensification of treatment with definitive radiation, and postoperative management. This 
review synthesizes the current evidence supporting these biomarkers, emphasizing their validation, clinical utility, 
and potential to refine prostate cancer management. Understanding the development and limitations of these 
biomarkers is crucial for their appropriate integration into patient care.

Introduction
Patients diagnosed with localized prostate cancer are presented with multiple treatment options based on clin-
ical and pathologic features. Conventional risk stratification with the National Comprehensive Cancer Network 
(NCCN) risk groups categorizes patients as low risk, intermediate risk, and high risk. National Comprehensive 
Cancer Network risk groups have evolved to include 6 tiers (very low risk, low risk, favorable intermediate risk, 
unfavorable intermediate risk, high risk, and very high risk). It is important to note that these risk groups were 
generated from retrospective data to provide prognostic information. These groups provide context for inter-
pretation of clinical trial results and allow for generalized treatment recommendations as outlined by expert 
consensus panels. These risk groups are heterogeneous and consist of individuals at wide ranges of risk. 
Following these guidelines inherently results in a proportion of patients receiving excess treatment and other 
patients receiving undertreatment. National Comprehensive Cancer Network risk groups are outperformed by 
multiple newer clinical tools derived from clinical and pathologic variables as well as novel biomarkers. With the 
recent introduction of multiple advanced tools derived from tissue-based molecular tests (Decipher [Veracyte], 
Prolaris [Myriad Genetics], and Genomic Prostate Score [GPS; mdxhealth]) and digital histopathology (ArteraAI), 
the opportunities for precision medicine in prostate cancer have never been greater. This review aims to 
summarize the current data supporting these biomarkers to help clinicians select appropriate advanced tools 
and appropriately interpret the results of these tests for clinical decision-making.
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Before any critical appraisal of the literature 
surrounding advanced tools for prostate cancer is 
undertaken, it is important to consider some funda-
mental aspects of biomarkers. First, the distinc-
tion between prognostic and predictive biomarkers 
is essential for appropriate interpretation of these 
tests. Prognostic biomarkers identify the likelihood of 
a particular end point (eg, biochemical recurrence, 
distant metastasis, prostate cancer–specific mortality) 
independent of the treatment. Predictive biomarkers 
identify patients who are more likely to respond favor-
ably to a particular medical intervention or treatment 
compared with other similar patients. Both prognostic 
and predictive biomarkers are useful for informing 
treatment decisions for men with localized prostate 
cancer. For example, a prognostic biomarker could 
identify a patient at high risk for an adverse outcome. 
This patient may benefit from treatment intensifica-
tion as a result of their poor prognosis. In that same 
patient, a predictive biomarker would help ascer-
tain whether a specific treatment would benefit the 
patient.
Currently commercially available tissue-based molec-
ular tests for prostate cancer include Decipher, 
Prolaris, and GPS. ArteraAI is currently the only 
digital histopathology tool listed in NCCN guidelines. 
Characteristics of these tests are summarized in 
Table 1.
To appropriately select and use biomarkers for pros-
tate cancer, it is critical to consider the context of 
the model development, including patient character-
istics, study design, end point selection, analytical 
validity, and clinical validation. To objectively eval-
uate tumor marker studies, the American Society 
of Clinical Oncology (ASCO) developed a levels of 
evidence scale A to D,1 a system that was refined in 
2009 to better address studies in which tissue spec-
imens were prospectively collected in the context of 
a clinical trial and then retrospectively analyzed using 
a particular biomarker. In this new system, tumor 
marker studies would be classified as Simon level I 
in 2 different scenarios: (1) a prospective controlled 
trial specifically designed to address a tumor marker 
question or (2) archived samples from a prospective 
trial not designed for a tumor marker question, with 

1 or more validation studies with consistent results.2 
This second pathway has been used extensively for 
prostate cancer biomarker studies largely because 
of the challenges associated with prospective trials 
and the follow-up time necessary to generate high-
level data in prostate cancer. As such, many of the 
studies described in this review were generated from 
pathology specimens collected from randomized trials 
that enrolled patients between 1980 and 2000. Note 
that Simon level I differs from category 1 evidence 
generated directly from a randomized control trial. To 
date, no advanced tool for prostate cancer has cate-
gory 1 evidence, though multiple ongoing prospective 
trials will add stronger support for these tests once 
they are complete.
The ASCO issued guidance surrounding the use 
of these tests in 2019, stating that tissue-based 
genomic tests may be offered when the results are 
likely to affect disease management but advises 
against their routine use.3 Of note, the ASCO guide-
line lists GPS, Prolaris, and Decipher as suitable tests 

KEY POINTS
•	 Advanced tools such as Decipher, Prolaris, GPS, and 

ArteraAI improve risk stratification of localized prostate 
cancer and can help guide treatment decisions.

•	 Understanding the context of biomarker development, 
study design, end point selection, and validation is 
important for appropriate use and interpretation of results 
from advanced tools.

•	 Well-designed prospective biomarker studies are needed 
to confirm clinical utility of advanced tools across local­
ized prostate cancer disease states. 

ABBREVIATIONS
ADT, androgen-deprivation therapy
AI, artificial intelligence
ASCO, American Society of Clinical Oncology
GPS, Genomic Prostate Score
NCCN, National Comprehensive Cancer Network
OS, overall survival
PORTOS, Prostate Cancer Radiation Therapy Outcome 
Score
PSA, prostate-specific antigen
RT, radiation therapy
RTOG, Radiation Therapy Oncology Group
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for localized prostate cancer management decisions 
but only Decipher as suitable for postprostatec-
tomy management. No guidance has been issued by 
ASCO regarding the use of artificial intelligence (AI)–
based digital histopathology tools.
The NCCN guidelines first included Prolaris and GPS 
in 2015, Decipher in 2018, and ArteraAI in 2023. As 
data emerged supporting the use of each test, guide-
lines were updated to include Simon levels I through 
III. The most recent guideline limits (version 1.2025) 
included tests for patients with Simon level I, stating 
that “a comprehensive list of advanced tools that do 
not reach the threshold of level 1 evidence is outside 
the scope of this guideline.” The aim of this article is 
to review evidence supporting the use of commer-
cially available advanced tools for prostate cancer.

Clinical Review
Clinical scenarios discussed in this review are limited 
to those in which the use of an advanced tool could 
potentially change treatment management. Common 
scenarios for localized prostate cancer management 
will be discussed starting with the decision between 
treatment and surveillance in favorable-risk prostate 
cancer and moving on to treatment intensification 
decisions in higher-risk localized prostate cancer and 
postoperative or adjuvant treatment.
The use of these advanced tools has been increasing 
over time.4 A recent survey of expert consensus 
regarding tissue-based molecular tests revealed that 
more than 3 of 4 respondents believed these tools 
had value in risk stratification and treatment selec-
tion for patients across NCCN risk groups. Only 

Abbreviations: ADT, androgen-deprivation therapy; AI, artificial intelligence.

Table 1. Summary of Advanced Tools and Their Use in Prostate Cancer Management

Advanced 
tool Score Platform Output End point
Decipher Genomic 

classifier
•	RNA microarray
•	22 genes
•	Prostatectomy or biopsy 

specimens

3 prognostic groups: 
•	Low
•	Intermediate
•	High 

•	Predicts risk of metastasis

Prolaris Cell cycle 
progression 

•	Reverse transcriptase–
polymerase chain reaction

•	31 cell cycle progression genes
•	Biopsy specimens

3 prognostic groups:
•	Active surveillance
•	Single modality treatment
•	Multimodality treatment

•	Predicts risk of death with active 
surveillance

•	Predicts risk of metastasis with 
definitive treatment

Genomic 
Prostate 
Score

Genomic 
Prostate 
Score

•	Reverse transcriptase–
polymerase chain reaction

•	17 genes
•	Biopsy specimens

3 prognostic groups for advanced prostate cancer:
•	Low
•	Moderate
•	High
2 prognostic groups for disease progression:
•	Lower
•	Higher

•	Predicts risk of adverse pathology
•	Predicts risk of metastasis with 

definitive treatment

ArteraAI Multimodal 
AI

•	Digital histopathology
•	Biopsy specimens

3 prognostic groups:
•	Low
•	Intermediate
•	High
Short-term ADT biomarker positive or negative

•	Predicts risk of metastasis
•	Predicts whether ADT will 

benefit patients with favorable 
intermediate-risk prostate cancer
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approximately 1 in 4 experts, however, reported using 
genomic classifier tests clinically. Among surveyed 
experts, metastasis-free survival was believed to be 
the most relevant end point for low-risk (83%), favor-
able intermediate-risk (97%), and high-risk (97%) 
prostate cancer biomarker studies, respectively. Time 
to distant metastasis was believed to be a relevant 
end point for favorable intermediate-risk (82%) and 
high-risk (93%) prostate cancer biomarker studies.5 
The following discussion focuses on studies with rele-
vant end points in each clinical scenario.

THE DECISION BETWEEN SURVEILLANCE 
AND TREATMENT
In NCCN low-risk/favorable intermediate-risk local-
ized prostate cancer, active surveillance is a reason-
able and often preferable management strategy. A 
prospective randomized control trial comparing active 
monitoring, surgery, and radiation therapy (RT) found 
no statistically significant difference in deaths from 
prostate cancer between the treatment arms, though 
the rate of metastases was higher in the active moni-
toring arm than in either treatment arm (9.4% vs 
4.7% vs 5.0%).6 Tissue-based molecular and digital 
pathology tests may help identify patients who are 
otherwise low risk but are at a higher risk for metas-
tasis and therefore less suitable for active surveillance. 
These tests may conversely help identify patients 
who are intermediate or even high risk by conven-
tional prognostic classification but suitable for active 
surveillance. 
Current NCCN guidelines focus on the role of 
advanced tools for treatment intensification in local-
ized and postoperative treatment but do not discuss 
the use of these advanced tools for helping with 
shared decision-making surrounding active surveil-
lance. An ideal biomarker for this clinical question 
would be one generated from biopsy tissue spec-
imen (ie, treatment naive) and validated for clinically 
meaningful end points such as distant metastasis 
or prostate cancer–specific mortality. Additional end 
points such as likelihood of adverse pathology or time 
to treatment may also be of interest to patients and 
their clinicians and assist in the decision to manage 
conservatively or proceed with definitive treatment.

Among the advanced tools discussed here, Prolaris is 
the only test that was specifically designed in a cohort 
of patients with conservatively managed localized 
prostate cancer.7 The active surveillance threshold 
was validated to dichotomize patients based on 
10-year risk of prostate cancer–specific mortality.8 
Additional retrospective cohorts from multiple vali-
dation studies are well summarized in a meta-anal-
ysis demonstrating the prognostic utility of cell cycle 
progression for identifying patients at increased risk 
of distant metastasis and prostate cancer–specific 
mortality.9 A 1-unit increase in cell cycle progression 
was associated with a 2-fold increase in risk for death 
from prostate cancer.9

Other commercially available advanced tests 
(Decipher, GPS, ArteraAI) were not originally devel-
oped from biopsy specimens in treatment-naive 
patient cohorts, with data being extrapolated from 
retrospective studies in other clinical contexts. Based 
on a pooled analysis of multiple prospective studies, 
multimodal AI identifies patients across NCCN risk 
groups that have a low risk of distant metastasis and 
are therefore suitable for more conservative manage-
ment than guideline-recommended treatment.10 In the 
low-risk/favorable intermediate-risk setting, patients 
with low multimodal AI–determined risk may be good 
candidates for active surveillance, whereas patients 
with high multimodal AI–determined risk may benefit 
from definitive treatment at earlier time points. The 
ArteraAI prognostic report now also includes the like-
lihood of adverse pathology in patients with low-risk/
favorable intermediate-risk prostate cancer, with a 
validation study recently presented in abstract form.11

Multiple retrospective studies using Decipher score, 
primarily in patients treated with radical prostatec-
tomy, have been published with the genomic classi-
fier “prognostic” for a variety of oncologic end points. 
The use of Decipher with biopsied tissue increases 
the likelihood of management with active surveil-
lance, according to a recent registry study.12 Decipher 
scores from biopsied tissue were correlated with 
adverse pathology at time of radical prostatectomy in 
a cohort of patients suitable for active surveillance.13 A 
prospective registry study associated Decipher score 
from biopsy with time to treatment and time to treat-
ment failure.14 Decipher scores from prostate biopsy 
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correlated with 10-year distant metastasis risk in a 
small cohort of patients treated with radical prostatec-
tomy.15 GPS was designed and validated to predict 
adverse pathology at the time of prostatectomy in 
a population of patients suitable for active surveil-
lance.16 Subsequent validation studies of GPS have 
yielded mixed results.17,18

An observational registry study compared results 
of tissue-based genomic tests in a population of 
patients largely suitable for active surveillance and 
found statistically significant variation in the propor-
tion of patients who were above the test-specific 
threshold.19 For example, in the subgroup of patients 
with Gleason 3 + 3 = 6 adenocarcinoma, rates of 
patients above the test-specific threshold were statis-
tically significantly lower among patients tested with 
Prolaris (14%) compared with patients tested with 
GPS (40%) or Decipher (58%). The ProtecT study 
reported a 9.4% rate of distant metastasis in the 
surveillance cohort.6 If using GPS or Decipher to 
make decisions regarding treatment vs active surveil-
lance, these data suggest an excess proportion 
of patients may be steered toward treatment. The 
discordance between genomic test results reflects 
differences in the clinical scenarios upon which these 
models were generated and how test-specific thresh-
olds were generated.

INTENSIFICATION OF TREATMENT WITH 
DEFINITIVE RADIATION
When considering the addition of androgen-depri-
vation therapy (ADT) to RT, clinicians are faced with 
multiple clinical decisions, including the use or omis-
sion of ADT, the duration of ADT, the sequencing of 
ADT with the start of RT, and RT dose or delivery 
method. A recent meta-analysis combined data from 
11 clinical trials investigating the addition of ADT to 
definitive RT and found that ADT improves overall 
survival (OS) and metastasis-free survival, with 1 
distant metastasis prevented for every 16 patients 
with favorable intermediate-risk prostate cancer 
treated and 1 distant metastasis prevented for every 
10 patients with high-risk prostate cancer treated.20 

Advanced tools have the potential to better identify 
patients who will benefit from the addition of ADT.
Current NCCN guidelines list ArteraAI and Decipher 
as advanced tools with Simon level I evidence for 
risk stratification in patients with localized prostate 
cancer. Both tests have been validated using patho-
logic specimens banked from phase 3 random-
ized controlled trials. The multimodal AI score was 
trained from pathologic specimens from 4 phase 3 
trials investigating the addition of ADT with definitive 
RT and validated from Radiation Therapy Oncology 
Group (RTOG) 9408, which randomly assigned local-
ized patients with (mostly NCCN level favorable inter-
mediate risk) prostate cancer to RT with or without 
4 months of ADT, with biomarker-positive patients 
having a statistically significant reduction in risk for 
distant metastasis with the addition of ADT to RT; 
no such interaction was seen in biomarker-negative 
patients.21 Additional post hoc studies of multimodal 
AI scores from prospective trial specimens further 
validate the tool’s utility for stratification across NCCN 
risk groups.10,22,23

The evidence supporting the use of Decipher comes 
from numerous retrospective studies summarized in 
a systematic review.24 A post hoc analysis of RTOG 
0126, a prospective randomized trial investigating 
external beam RT dose escalation without the use of 
ADT, provided higher-level evidence supporting the 
use of Decipher for prognosticating favorable inter-
mediate-risk prostate cancer.25 Although ADT use 
was not an intervention studied in this trial, Decipher 
testing was prognostic for biochemical failure, pros-
tate cancer–specific mortality, and distant metastasis, 
thereby identifying patients who would potentially 
benefit from treatment intensification. In the high-
risk prostate cancer setting, a post hoc analysis of 
3 randomized controlled trials of external beam RT 
(RTOG 9202, RTOG 9413, and RTOG 9902) simi-
larly revealed that Decipher score is independently 
associated with distant metastasis, prostate cancer–
specific mortality, and OS.26 Two active prospec-
tive randomized controlled trials, NRG GU-009 and 
NRG GU-010, are investigating the use of Decipher 
testing for treatment de-escalation and intensification 
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in high-risk prostate cancer and unfavorable interme-
diate-risk prostate cancer, respectively (ClinicalTrials.
gov identifiers NCT04513717 and NCT05050084). 
Of note, in the unfavorable intermediate-risk setting, 
GU-010 is investigating the omission of ADT with 
a Decipher score lower than 0.4 and the addition 
of darolutamide to standard ADT in a cohort with 
Decipher scores greater than 0.4. In the high-risk 
setting, GU-009 is similarly investigating de-escala-
tion of ADT duration to 1 year in a cohort of patients 
with Decipher scores lower than 0.85 and the addi-
tion of apalutamide to the standard 2 years of ADT 
in a cohort with Decipher scores greater than 0.85. 
When completed, these studies will provide stronger 
evidence regarding the prognostic utility of Decipher 
for tailoring ADT decisions when treating localized 
prostate cancer with definitive RT.
The Prostate Cancer Radiation Therapy Outcome 
Score (PORTOS) is a 24-gene expression signature 
generated from the same platform as the Decipher 
genomic classifier; it is used to estimate radiation 
dose response.27 A recent validation study using 
samples from RTOG 0126, which studied radiation 
dose escalation in patients with favorable intermedi-
ate-risk prostate cancer, demonstrated that PORTOS 
can identify a subset of patients who may benefit 
from RT dose escalation.28

A cell-cycle risk score combining Prolaris cell-cycle 
progression score and University of California San 
Francisco Cancer of the Prostate Risk Assessment 
score has been validated as a prognostic biomarker 
for distant metastasis in patients receiving definitive 
RT.29 Patients with a cell-cycle risk score above the 
multimodality threshold had statistically significantly 
higher risk of distant metastasis than patients whose 
scores were below the threshold.30 A subsequent 
validation study illustrated that patients with cell-cycle 
risk scores above the multimodality threshold had 
statistically significantly higher rates of early metas-
tasis when treated with single-modality therapy (RT 
alone or surgery) than patients receiving multimodality 
therapy.31 A recent study modeled the absolute risk 
reduction of adding ADT to RT by patient cell-cycle 
risk scores, ranging from 0% to 17%.32

GPS was recently studied in the context of defin-
itive external beam RT, with a retrospective study 

demonstrating its prognostic utility for identifying men 
at risk for biochemical failure, distant metastasis, and 
death related to prostate cancer.33

POSTOPERATIVE RT
Biochemical recurrence after definitive treatment with 
radical prostatectomy is a common clinical scenario. 
Standard salvage treatment approaches include RT 
to the prostate bed, with escalation options including 
elective nodal irradiation and the addition of concur-
rent or adjuvant androgen deprivation. RTOG 9601 
demonstrated a benefit to the addition of 2 years of 
ADT with bicalutamide to salvage RT in patients with 
biochemical recurrence (postoperative prostate-spe-
cific antigen [PSA] level, 0.2-4.0 ng/mL), but patients 
with a PSA lower than 0.6 ng/mL did not have a 
survival benefit in a subsequent publication from 
this study.34,35 RTOG 0534 recently demonstrated 
increasing biochemical control rates with the addition 
of short-term ADT and pelvic nodal irradiation to pros-
tate bed–only irradiation.36

The Decipher genomic classifier was originally 
generated and validated from a cohort of patients 
with localized prostate cancer treated with radical 
prostatectomy at high risk of biochemical recurrence 
(PSA level >20 ng/mL; Gleason score ≥8; pathologic 
tumor stage T3b).37,38 A validation study of the 
Decipher test was completed from the banked 
pathology specimens from the RTOG 9601 cohort 
with the genomic classifier independently associated 
with distant metastasis, prostate cancer–specific 
mortality, and OS.39 This study was the first one 
published to use pathologic specimens from a 
randomized controlled trial for validation of a tissue-
based molecular test. The original study schema 
produced well-balanced groups of patients treated 
with and without hormone therapy. Although no 
statistically significant interaction was detected 
between Decipher and ADT treatment effect, the 
subset of men treated with early salvage RT (PSA 
level <0.7 ng/mL) with intermediate-high Decipher 
scores had an 11.2% absolute reduction in 12-year 
distant metastasis and a 4.6% absolute reduction in 
OS with the addition of bicalutamide. Based on this 
study, Decipher scores from radical prostatectomy 
are highly prognostic for oncologic outcomes of 
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salvage RT, but they are not predictive of response to 
ADT. A recent study presented in abstract form using 
pathologic specimens from the RTOG 0534 study 
revealed that distant metastasis risk, as predicted 
by Decipher genomic classifier, can be mitigated 
by treatment escalation with the addition of elective 
pelvic nodal irradiation.40 As discussed earlier in this 
review, PORTOS has also demonstrated value for 
identifying patients who may benefit from RT dose 
escalation in the postoperative setting based on an 
analysis of pathologic specimens from the SAKK 
09/10 study.28

Other advanced tools have retrospective data rele-
vant to postoperative RT decisions, but they are 
lacking in validation from randomized controlled trials. 
Prolaris scores from biopsied and radical prostatec-
tomy specimens have also been correlated with risk 
for distant metastasis and prostate cancer–specific 
mortality following radical prostatectomy in multiple 
retrospective studies.41-43 GPS was generated to 
predict adverse path at the time of radical pros-
tatectomy, but a subsequent retrospective valida-
tion study of GPS from biopsied specimens found a 
strong association with prostate cancer death and 
metastasis.44

Conclusions
The landscape of prostate cancer management is 
evolving rapidly with the introduction of advanced 
molecular genomic and digital histopathology tools, 
which offer a more precise approach to risk stratifica-
tion and treatment decision-making. These advanced 
tools provide critical prognostic and predictive insights 
that can refine clinical decisions in active surveil-
lance, treatment intensification, and postoperative 
RT. Although consensus guidelines and expert panels 
help guide use of these tests, ongoing prospective 
trials are needed to confirm clinical utility and refine 
appropriate use. In the absence of prospective data, 
it is critical that clinicians understand the context in 
which these advanced tools were developed and vali-
dated to appropriately use and interpret their results.
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