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Abstract
Background: Improved prognostication is needed to minimize overtreatment in

grade group (GG) 2–4 prostate cancer. Our aim was to determine, at messenger

RNA (mRNA) level, the performance of the genes in the commercial panels Deci-

pher, Oncotype DX, Prolaris, and mutational panel MSK�IMPACT to predict

metastasis�free and prostate cancer�specific death (PCSD) in patients with GG 2–4

prostate cancer at radical prostatectomy.

Methods: The retrospective cohort consisted of GG 2–4 patients treated with ra-

dical prostatectomy (median follow�up 10.4 years). Seventy�six cases with post-

operative metastasis or PCSD and 84 controls with similar clinical baseline risk, but

without progression, were analyzed. Index lesion mRNA transcripts were analyzed

using NanoString technology. Random forest models were trained using panel gene

sets to predict clinical endpoints and area under the curve (AUC), sensitivity, spe-

cificity, Youden index, and number needed to diagnose (NND) was measured. Sur-

vival probability was assessed with Kaplan–Meier estimator.

Results: All gene sets outperformed clinical parameters and predicted metastasis�free

and prostate cancer�specific survival. However, there were significant differences be-

tween the panels. In metastasis prediction, the genes in Oncotype DX had inferior

performance (area under the curve [AUC] = 0.65) compared to other panels

(AUC = 0.73–0.74). Decipher, MSK�IMPACT and Prolaris showed similar NND

(2.83–3.12) with Oncotype DX having highest NND (4.79). In PCSD prediction, the

Prolaris gene set performed worse (AUC = 0.66) than MSK�IMPACT or Decipher

(AUC = 0.72). Oncotype DX performed similarly to other panels (AUC = 0.69, p > .05).

Oncotype DX demonstrated lowest NND (2.79) compared to other panels (4.22–5.66).

Conclusion: Transcript analysis of genes included in commercial panels is feasible in

survival prediction of GG 2�4 patients after radical prostatectomy and may aid in

clinical decision making. There were significant differences between the panels, and

This is an open access article under the terms of the Creative Commons Attribution�NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. The Prostate published by Wiley Periodicals LLC.

http://orcid.org/0000-0003-3262-2333
http://orcid.org/0000-0001-7033-7344
http://orcid.org/0000-0002-4850-4086
http://orcid.org/0000-0003-0926-3109
http://orcid.org/0000-0001-5347-5083
http://orcid.org/0000-0002-4261-3484
http://orcid.org/0000-0003-0455-9891
mailto:tuomas.mirtti@helsinki.fi
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpros.24108&domain=pdf&date_stamp=2021-03-18


overall stronger predictive gene sets are needed. Prospective investigation is war-

ranted in biopsy materials.

K E Y W O R D S

biomarker, decipher, gene panel, oncotype DX, prolaris

1 | INTRODUCTION

The main parameters in treatment decision�making and risk assess-

ment of prostate cancer are blood concentration of prostate�specific

antigen (PSA), cancer stage and grade. Evidence suggests that patients

with Gleason score (GS) 3 + 4 and 4 + 3 prostate cancer have different

prognosis,1 which has influenced the development of the grade group

(GG) system.2,3 Patients with GG 1 prostate cancer are classified as

harboring low�risk, GG 2–3 as intermediate�risk and GG 4–5 as high�

risk disease. Despite the new GG system, there is great demand for

novel prognostic factors, especially in intermediate�risk prostate

cancer lesions including Gleason pattern 4.

No widely accepted biomarkers of clinically significant prostate

cancer for routine clinical practice exist. PSA has been found to be

unable to stratify aggressive and indolent prostate cancers.4 However,

several commercial gene expression panels have been suggested to fill

this unmet need. While these panels have mainly been proposed for

selection of very low� to low�risk patients in active surveillance pro-

grams,5 they have also been found to contribute to cancer recurrence

risk stratification after radical prostatectomy (RP).

Prolaris (Myriad Genetics) is a 31�gene panel, which, in biopsy ma-

terial, can predict biochemical recurrence and the risk of developing

metastatic disease after RP.6 It was originally developed to help strati-

fication of low�risk patients to active surveillance or active treatment.

Prolaris cell cycle progression score can also predict prostate cancer�

specific death (PCSD) in conservatively managed patients.7

Decipher (Decipher Biosciences) is another commercially avail-

able gene panel, featuring 22 genes. Decipher genomic classifier was

developed and validated to predict the probability of metastatic

progression after RP8 and has been shown to predict PCSD within

10 years after RP.9 Biopsy Decipher predicts the risk of metastasis

10 years after RP.10 It has also been shown to predict absence of

adverse pathology in very low� to low�risk patients according to the

National Comprehensive Cancer Network (NCCN) guidelines.11

Oncotype DX (Genomic Health) is a biopsy tissue�based assay fea-

turing 12 cancer�related genes, which predicts the risk of adverse pa-

thology at RP in patients with low� to intermediate�risk prostate cancer

at diagnosis.12 Recently, the ability of Oncotype DX to predict adverse

pathology, after adjusting for GG and PSA density, has been ques-

tioned.13 The Oncotype DX genomic prostate score has been shown to

predict biochemical recurrence, metastases14 and PCSD after surgical

treatment.15 Memorial Sloan Kettering Cancer Center (MSK�IMPACT) is

a 341�gene next generation sequencing mutational pan�cancer panel. It

genetically profiles tumors,16 without providing a risk�score.

Intra�patient reproducibility of Prolaris, Decipher, and Oncotype DX

was recently examined in a small patient cohort with inconsistent

results.17 The commercial panels have been found to be independent

predictors of adverse outcomes.18 However, they have been investigated

in mostly low� and high�risk prostate cancer, based on histology, in which

GG can stratify patients with reasonably high accuracy. Furthermore, only

relatively small amount of intermediate�risk prostate cancer patients have

been included in the studies, although this group represents the major

clinical need. Notably, Decipher has been studied in a cohort with a major

representation of intermediate�risk prostate cancer according to GG,

where low�risk and intermediate�risk groups, as predicted by Decipher

score, showed similar metastasis�free survival.19

By analyzing the transcript levels of the genes included in the

commercially available risk stratification panels and MSK�IMPACT, we

aimed to evaluate the performance of these panels to stratify patients

within a challenging retrospective cohort of localized GG 2–4 prostate

cancers treated with RP. The goal was to examine if these gene sets

could identify patients harboring prostate cancer with propensity to

progress, after RP, to metastatic or lethal disease. Since the commercial

panels have been investigated in patient materials mainly including low�

or high�risk prostate cancer, as assessed with conventional parameters, it

is not known whether they provide additional predictive information in

mostly intermediate�risk prostate cancer.

2 | MATERIALS AND METHODS

2.1 | Patients, study design, and ethical
considerations

The retrospective patient cohort consisted of 180 men treated with

RP at HUS Helsinki University Hospital (HUS) during years

1992–2015. Surgical specimens harboring Gleason pattern 4, that is,

GS 3 + 4, 4 + 3 or 4 + 4 and American Joint Committee on Cancer

eighth edition histopathological tumor Stage 2–3 foci were curated

from a national RP registry, based on availability of comprehensive

clinical and follow�up data, histological slides and formalin�fixed

paraffin�embedded (FFPE) tissues.

Ninety�one patients with clinical endpoints of metastasis or PCSD

during follow�up represented cases. Metastases were confirmed with ei-

ther bone scan or positron emission tomography�computed tomography in

all but one case, where the metastasis was biopsy�confirmed. Eighty�nine

patients with matching baseline characteristics, but no endpoint�related

events, were assigned as controls. The histological slides were

re�evaluated by an expert uropathologist (TM) and the index tumors were

annotated for messenger RNA (mRNA) extraction. Blinding and rando-

mization were not relevant to this study setting, since the patients were

chosen based on known clinical endpoints. Fifteen cases and five controls
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were excluded based on incomplete clinical data, neoadjuvant treatment,

or quality control (QC) flags in transcript analysis (Figure 1). The demo-

graphics of patients included in analyses are described in Table 1.

The study was approved by the institutional review board of

HUS (HUS/1439/2018) and the National Supervisory Agency for

Health and Welfare (Dnro V/38176/2018). The data was handled in

accordance with the national laws and EU regulations. Since the

study was conducted on registry data, no express consent was

required from patients, based on the national legislation.

2.2 | Messenger RNA extraction and transcript
analysis

One or two 1 mm diameter punches were extracted from FFPE

specimens. After deparaffinization, homogenization, and proteinase

K digestion, tissues were transferred to 72�well plates and mRNA

was extracted using QIASymphony (QIAGEN) RNA kit according to

manufacturer guidelines. Yield and concentration of RNA was as-

sessed using RiboGreen kit (Invitrogen) and the integrity of mRNA

F IGU RE 1 REMARK diagram of patients. Cases with clinically relevant endpoints at follow�up after RP and controls with no events were
selected from the registry of nationwide Finnprostate IX study cohort. GG, grade group; HUS, HUS Helsinki University Hospital; QC, quality
control; RP, radical prostatectomy
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was tested with Agilent Bioanalyzer kit (Agilent Technologies). For

the samples included in the final analyses, the mean RNA integrity

number was 2.22, with the range of 1.00–5.80.

NanoString nCounter (NanoString Technologies) analysis was

performed at the DNA Sequencing and Genomics Laboratory, In-

stitute of Biotechnology, University of Helsinki, Finland. A total of

100 ng of RNA in 5 µl H2O was used for each analysis. RNA was

incubated overnight with Reporter and Capture CodeSet probes

specific to 794 cancer�related and six housekeeping genes in the

custom�designed NanoString CodeSet (Table S1), which contains the

genes of the investigated panels. Three sequences in Decipher have

not been publicly disclosed and were not analyzed in the study. After

hybridization, the samples were loaded into nCounter Prep Station

where excess probes were removed, sample�probe complexes were

captured, aligned and barcodes counted in nCounter Digital Analy-

zer. The housekeeping genes were ACTB, ALAS1, CLTC, GUSB, HPRT1,

and TUBB. HPRT1 was not used in normalization because of incon-

sistent expression across samples.

2.3 | Statistical analysis

Statistical analyses were performed in nSolver 4.0.70 Analysis Soft-

ware (NanoString Technologies) and R, v.4.0.2 (R Development Core

Team). Detailed methods can be found in supplementary material.

Briefly, standard QC procedures were run in nSolver according to

NanoString guidelines and the raw mRNA transcript copy count data

was exported to R. The counts were variance stabilized and factors

of unwanted variations were removed.

Performance of the selected gene panels to predict metastasis

and PCSD was analyzed using random forest models (RFMs). The

commercial panel genes and the clinical parameters PSA, pathologi-

cal stage and GG, were considered as feature sets. For the two

control samples with missing PSA values, median PSA in the control

group was imputed. The parameters mtree and ntry were tuned and

three times repeated 10�fold cross�validation was used in training

the models as the resampling method for each tested parameter

combination. Model accuracy was used to determine the optimal

mtry and ntree values. The performance of final models was com-

pared using area under the curve (AUC) for receiver operating

characteristic (ROC). DeLong test was used to compare the ROC

curves produced by the final RFMs and to calculate confidence in-

tervals for AUC metrics. Heatmaps depicting the expression of genes

included in each panel with dendrograms showing hierarchical clus-

tering of genes and samples, were generated. Sensitivities and spe-

cificities of panel�based ROC models were calculated. Youden index

(Y) and number needed to diagnose (NND = 1/Y) were also

computed.

Survival analyses with Kaplan–Meier (KM) curves and log rank

statistics were performed for the commercial panel feature sets and

clinical parameters. The samples were grouped based on the RFM

predictions of metastatic disease and PCSD, respectively. The ground

truth observations of metastatic disease or PCSD were used as

events in respective analyses. For cases, the time�to�event was de-

fined as days between RP and confirmation of metastases or death

respectively. For controls, the right�censored survival time was

T A B L E 1 Demographics of the study patients

Characteristics Case Control

Primary treatment (N)

RP 76 84

Age at RP (years)

Median (IQR) 62 (9.7) 63 (8.0)

PSA at RP

Median (IQR) 9.5 (6.0) 9.0 (7.0)

NA 0 2

Grade group (GS)

2 (3 + 4) 22 40

3 (4 + 3) 38 28

4 (8) 16 16

pT stage

T2 24 32

T3a 23 31

T3b 29 21

Positive surgical margins 38 32

Positive local lymph nodes at RP 10 6

Lymphadenectomy at RP 55 57

Follow�up time (years)

To metastasis: Median (IQR) 5.6 (4.4) NA

To PCSD: Median (IQR) 8.6 (5.8) NA

Total follow�up: Median (IQR) 10.3 (5.7) 11.6 (5.8)

First clinical endpoint

Metastasis 76 0

No endpoint 0 84

Implementation of chemotherapy 49 0

Vital status

Alive 23 78

Dead from prostate cancer 49 0

Dead due to other causes 4 6

Note: All pathological stages were recoded according to American Joint
Committee on Cancer (AJCC) staging 8th edition for prostate cancer.
Total follow�up = the total follow�up defined as time to death for
deceased patients, and right censored survival time for alive patients.
Abbreviations: GS, Gleason score; IQR, interquartile range; NA, PSA
information was not available; PCSD, prostate cancer�specific death; PSA,
prostate�specific antigen; pT stage, tumor stage indicated by a
pathologist; RP, radical prostatectomy; T2, organ confined prostate
cancer; T3a, the cancer has invaded through the capsule surrounding the
prostate; T3b, the cancer has invaded the seminal vesicles.
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defined as days between RP and last laboratory visit or last out-

patient clinic control. p Values of the log�rank test and 95% con-

fidence intervals were calculated.

3 | RESULTS

We used RFMs to analyze the effectiveness of the commercial panel

genes, as feature sets, in predicting outcomes after RP in our patient

material. To establish a baseline for comparison, we also constructed

RFMs for metastatic disease and PCSD, using clinical parameters

(PSA, pathological stage, and GG) as predictors. The performance of

each model was assessed with AUC. As expected, the performance of

the studied clinical parameters was poor, since the cohort was se-

lected based on equal baseline characteristics in the most important

clinical parameters. All commercial panel gene sets significantly

outperformed clinical parameters in predicting metastatic disease

and PCSD (p < .005). Decipher, Prolaris, and MSK�IMPACT gene sets

showed similar AUC metrics (p > .05 between all panels) in metas-

tasis prediction, while Oncotype DX was a significantly poorer pre-

dictor of metastatic disease (Figure 2A). The genes in Prolaris

showed significantly worse PCSD prediction performance

(Figure 2B) than those in Decipher (p = .046) and MSK�IMPACT

(p = .037). Statistical significance was not observed in other ROC

comparisons.

Heatmaps depicting the expression of genes in the panels be-

tween study groups as well as ROC model predictions are shown in

Figure S1. Based on analysis of gene expression, the cases and

controls did not strongly separate into clusters. Notably, the clinical

parameter�based models were unable to predict PCSD correctly for

any patient.

We calculated the sensitivity, specificity, Youden index and NND

of each panel in predicting metastasis and PCSD (Table S2). Decipher

showed highest sensitivity (0.62) (specificity = 0.70) and Prolaris

highest specificity (0.77) (sensitivity = 0,58) in metastasis prediction.

In PCSD prediction, the sensitivity of all panels was very low

(0.29–0.31) and specificity high (0.89–0.97). Decipher, MSK�IMPACT

and Prolaris showed similar NND (2.83–3.12) in metastasis predic-

tion while Oncotype DX showed lower performance (4.79). Con-

versely, Oncotype DX showed lowest NND (2.79) in PCSD

prediction. Again, as expected, all panels outperformed the clinical

parameters in terms of NND. NND could not be calculated for clin-

ical parameters when predicting PCSD, since they did not predict any

PCSD endpoints correctly.

We analyzed metastasis�free and prostate cancer�specific

survival by plotting KM. The predictions of RFMs trained using

genes in Decipher, MSK�IMPACT, and Prolaris showed statistically

significant (p < .05) separation of strata in metastasis�free survival

probability (Figure 3). The predictions of all panel based RFMs

separated strata significantly in prostate cancer�specific survival

(Figure 4). KM plots based on RFMs trained using clinical para-

meters showed significant separation of strata in metastasis�free

survival prediction, but not in prostate cancer�specific survival

prediction (Figure S2).

F IGU RE 2 Predictive performance of the clinical parameters PSA, cancer stage and grade group, the commercial risk stratification panels
and MSK�IMPACT. (A) Receiving operator characteristic (ROC) curves for predicting metastatic disease during follow�up plotted for
the clinical parameters, Decipher, MSK�IMPACT, Oncotype DX, and Prolaris. (B) ROC curves for prostate cancer�specific death prediction
during follow�up. In parentheses, 95% confidence intervals are shown. AUC, area under the curve; PSA, prostate�specific antigen
[Color figure can be viewed at wileyonlinelibrary.com]
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4 | DISCUSSION

We evaluated the ability of the genes present in the commercially

available prostate cancer risk stratification panels Decipher,

Oncotype DX, Prolaris, and the pan�cancer mutational panel

MSK�IMPACT to predict clinically relevant outcomes in a cohort of

RP treated patients harboring intermediate� to high�risk prostate

cancer, as defined by GG, using a case�control approach. Previously,

these panels have been shown to have independent prognostic value

in cohorts with high number of low� and high�risk prostate cancer

and relatively few patients with intermediate�risk disease. While

patients in such low� and high�risk groups can be risk stratified with

the existing clinical variables, such as PSA, GG, and stage, the cohort

of mostly intermediate�risk patients studied here represents the

unmet clinical need.

In this study we specifically wanted to address the major clinical

need, which is the stratification of patients harboring GG 2–4

prostate cancer. Thus, with the exception of Decipher, the studied

endpoints do not directly reflect the surrogate endpoints used in the

development of these risk stratification panels. Progression to me-

tastatic disease is the most direct surrogate marker for lethal pros-

tate cancer. Thus, predictive information about lethal outcomes

would strongly influence clinical decision�making and are thus im-

portant to address when considering possible adoption of new risk

stratification tools to clinical practice.

One of the proposed indications for the studied commercial panels

is stratifying select patients with GG 1 as well as GG 2 prostate cancer

into active surveillance and active treatment groups.5 The emerging

consensus is, that these molecular tests should only be used in addition

to clinical parameters and only in situations, where they are likely to

affect clinical decision�making.5,13 The results presented in this paper

cannot be used to draw conclusions on the comparative performance of

the panels in risk stratifying GG 1 patients to active surveillance and

active treatment, as no clinically low�risk patients were included in the

F IGU RE 3 Metastasis�free survival probability plotted for the panels (A) Decipher, (B) MSK�IMPACT, (C) Oncotype DX, and (D) Prolaris. Patients
were stratified into metastasis positive and negative groups by random forest model prediction. p Values of the log�rank test and 95%
confidence intervals are shown. The number of predicted outcomes is displayed in the legend. The number of patients at risk and the cumulative
number of events are shown in tables. +, metastatic disease; � , non�metastatic disease [Color figure can be viewed at wileyonlinelibrary.com]
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study. Additionally, the sample size of patients with GG 2 disease is not

large enough to draw significant conclusions in this sub�cohort. The

current consensus suggests that patients with GG 3–4 disease should

not be managed with active surveillance.5

We are among the first independent groups to compare these

panels in patients with primarily intermediate�risk prostate cancer

using clinically relevant endpoints. While the genes in the studied

panels were found to independently contribute to risk stratification,

their performance here was modest compared to earlier publica-

tions.12,18–21 However, it should be noted, that the studied cohort

was extremely challenging, as it was selected based on similar

baseline clinical characteristics in cases and controls. Thus, the

clinical characteristics were not able to predict the study endpoints

and any additional predictive ability, as shown here by the panel

transcripts, may be clinically useful in this group of mostly

intermediate�risk prostate cancer patients.

The RF models we trained based on the gene expression of each

gene panel showed low sensitivity to predict either progression to

metastasis or PCSD. However, their specificity, especially in PCSD

prediction was high. Decipher, MSK�IMPACT, and Prolaris demon-

strated comparable and lower NND in metastasis prediction than

Oncotype DX. Conversely, Oncotype DX showed the lowest NND in

PCSD prediction. Sensitivity, specificity and NND are not dependent

on the prevalence of the studied endpoints. Further studies should

be carried out to reproduce these results in contemporary cohorts.

Additionally, research with larger, multicenter intermediate�risk co-

horts and possibly full commercial assays should be done to analyze

the value of these genes in guiding post�prostatectomy treatment

decisions, such as early adjuvant therapy or salvage radiation ther-

apy. Although we did not utilize the full commercial assays, our re-

sults suggest that the panel gene sets do have predictive value. Thus,

a more intensive post�prostatectomy treatment regimen might be

F IGU RE 4 Prostate cancer�specific survival probability plotted for the panels (A) Decipher, (B) MSK�IMPACT, (C) Oncotype DX, and (D)
Prolaris. Patients were stratified into two groups based on the random forest model prediction of prostate cancer�specific death. p Values
of the log�rank test and 95% confidence intervals are displayed. The number of predicted outcomes is shown in the legend. The number of
patients at risk and the cumulative number of events are shown in the tables. +, prostate cancer�specific death; � , alive patients
[Color figure can be viewed at wileyonlinelibrary.com]
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considered for patients with clinically intermediate�risk prostate

cancer and high Decipher genomic classifier, Oncotype DX genomic

prostate score, or Prolaris cell cycle progression score.

The Oncotype DX genomic prostate score has already been

found to be cost�effective when incorporated into treatment

decision�making for patients with very low� to low�risk disease ac-

cording to NCCN guidelines.22 Decipher has been found to be more

cost effective than treating all patients with adjuvant therapy, but

more expensive than the usual adjuvant therapy rates, whilst im-

proving treatment results.23 Prolaris has been found to largely in-

crease overall costs with little savings from active surveillance

protocol improvements.24 More multicenter studies on the cost�

effectiveness of all commercial panels are critical before adoption to

routine clinical use.5

By study design, we controlled the effect of clinical variables and

interdependency of studied genes with independent clinical features

of preoperative PSA, GG, and pathological stage. We used RP sam-

ples, instead of diagnostic biopsies. This may generate bias towards

aggressive disease, although we controlled clinical and pathological

variables. However, using RP samples allowed us to extract mRNA

from the index tumors. Because of this, we could not account for

intra�tumoral or inter�tumoral genetic heterogeneity, which can lead

to misinterpretation of genomic classifiers.25 It should also be noted

that the proportion of metastases and PCSD endpoints is not re-

flective of the full patient population harboring GG 2–4 disease. A

larger sample size of metastatic and lethal cancer was included in the

study to provide statistical power.

Extensive clinicopathological data strengthens the findings of

this study. Information on the pre� and postoperative treatments

were collected for all specimens. Since none of the patients received

neoadjuvant treatment, our results may be projected to what is de-

tectable in diagnostic biopsies, apart from the potential selection bias

for performing RP. The retrospective study cohort, despite its limited

size, is extremely well�characterized and represents the clinically

most challenging to predict patients, for whom new prognostic

markers and risk stratifications are truly needed to improve quality

of life and prognosis as well as to minimize over� and

undertreatment.

Each of the proprietary panels have their own laboratory pro-

tocols, housekeeping genes and, apart from MSK�IMPACT muta-

tional panel, an output score. We did not use any proprietary

protocols or methodology specific to any of the studied panels. Since

we did not use the full commercial assays, but only the publicly

available gene sets of the panels, we could not use the proprietary

weighting algorithms of individual genes. We also used the Nano-

String nCounter platform for mRNA analysis. This inter�technology

variation may decrease the impact of our comparative transcript�

level study, yet it reduces the possible confounding introduced by

proprietary or panel�specific methods.

Despite the use of a different laboratory protocol, analysis

methodology, and partially endpoints, the prognostic ability of these

gene sets was demonstrated in our study. This suggests that the gene

sets themselves are valuable, although not exceptional in predicting

clinically significant endpoints in prostate cancer independent of a

given test methodology. Since the studied panels share almost no

genes and have independent predictive value, novel combinations of

these genes, as well as others, might offer even better performance

especially in difficult to stratify patient materials.

Prostate cancer diagnostics are shifting towards magnetic re-

sonance imaging and targeted biopsies that are known to better

sample clinically significant prostate cancer.26 The index tumors used

here may represent, better than sextant biopsies, tissues typically

sampled with targeted biopsies.27 Whether the performance of any

biomarker test done using targeted biopsies outperforms the same

analysis done on tissue from sextant biopsies can only be studied

once the cohorts with targeted biopsies are mature enough to study

clinically relevant endpoints.

5 | CONCLUSION

The genes present in the commercial risk stratification panels did not

perform particularly well in this clinically significant and challenging

intermediate�risk group of patients, irrespective of the number of

genes in the panels. However, they significantly outperformed the

clinical parameters PSA, cancer stage, and grade, which may have

implications in guiding post�prostatectomy treatment decisions in

localized intermediate�risk prostate cancer. The commercial panels

should be prospectively validated in a contemporary cohort, pre-

ferably combined with targeted biopsies. Novel, more predictive

gene sets, should also be investigated in intermediate�risk prostate

cancer.
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