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Abstract 

Introduction: In Canada, it is estimated that prostate cancer (PCa) will account for 21% of all 

new cancer cases in 2016. Inaccurate risk classification and the burden of unnecessary biopsies 

are a challenge due to the limited ability of current risk assessment tools and modalities in 

distinguishing indolent from aggressive disease. There is a need for evidence-based 

interventions that could improve stratification accuracy, and allow a decrease in overtreatment 

and overdiagnosis. Many new promising tools that could reduce the uncertainties 

accompanying treatment decision are now studied in PCa.  

 

Objective: This systematic review assesses and identifies new developed tests and 

interventions with highest evidence of clinical utility, that might be adopted in clinical practice, 

throughout the PCa management: before initial and repeat biopsy, after positive or negative 

biopsy, and post radical treatment. 

 

Methods: The Cochrane, Embase, Medline, and Web of Science databases were searched for 

studies of clinical utility evidence. The outcomes of interest were: a measure of the percentage 

of altered decision-making, decrease in number of unnecessary biopsies, decrease or increase 

in treatment intensity, and risk reclassification after test utilization. 

 

Results: The search yielded 2,940 articles after duplicate removal, of which 46 met the 

inclusion criteria. We found clinical utility evidence on Prostate Health Index (PHI), 4Kscore, 
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Magnetic resonance imaging (MRI), Oncotype, Decipher, Prolaris, ConfirmMDx, Progensa 

PCA3, NadiaProsVue, and Promark. On the other hand, none was identified on Prostarix, 

Prostavysion, Prostate core mitomic test (PCMT), and Mi-Prostate Score (MiPs). The 

interventions demonstrated their clinical utility in terms of change in treatment 

recommendations, decrease/increase in interventional treatment, decrease in biopsy, and risk 

reclassification. Many of these interventions demonstrated to be good tools for pre-treatment 

and post-treatment risk stratification, in addition to elucidating aggressive versus indolent 

disease and enhancing an improved treatment allocation. At diagnosis after a positive biopsy, 

use of ProMark, Oncotype, Prolaris and MRI guide the use of active surveillance. The use of 

NaDIA ProsVue, Decipher, and Prolaris post-prostatectomy, aids in the decision of adding 

adjuvant therapy. Prior initial and repeat biopsies, PHI, 4Kscore, and MRI; and prior repeat 

biopsies ConfirmMDx, PHI, Progensa, 4Kscore, and MRI - improve prediction of biopsy outcome 

allowing a decrease in unnecessary biopsies. 

 

Conclusion: Several tests might improve treatment decision-making for PCa patients. This 

review suggests that implementation of these tests in clinical practice could assist in the 

achievement of personalized treatment of PCa.  Further clinical utility and economic studies 

are warranted to provide further guidance, knowing that this systematic review could provide 

evidence that allow accelerated use of such tests in the near future. 
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Résumé 

 

Introduction : Au Canada, on estime que le cancer de la prostate (CaP) représentera 21% des 

nouveaux cas de cancer en 2016. La classification inexacte des niveaux de risques et le fardeau 

des biopsies inutiles sont un défi en raison de la capacité limitée des outils et des modalités 

actuels d'évaluation des risques de distinguer un cancer agressif d’un cancer indolent. Il 

existe ainsi un besoin d'interventions fondées sur des données probantes qui pourraient 

améliorer la précision de la stratification et permettre une diminution du taux de sur-

traitement et sur-diagnostic. Plusieurs nouveaux outils qui pourraient diminuer les incertitudes 

qui accompagnent la décision de traitement sont maintenant étudiés dans le CaP. 

  

Objectif: Cette revue systématique évalue les nouveaux tests et interventions  et 

identifie ceux ayant le plus de preuves d'utilité clinique, qui pourraient donc être adoptés en 

pratique clinique tout au long de la prise en charge de la maladie du CaP: avant une biopsie 

initiale, avant une biopsie répétée, après une biopsie positive ou négative et après 

un traitement radical.  

 

Méthodes: Les bases de données Cochrane, Embase, Medline et Web of Science ont été 

recherchées pour trouver des études sur les preuves d'utilité clinique. Les issues 

cliniques d'intérêt étaient: une mesure du pourcentage de l’altération de la prise de décision du 

traitement choisi, une diminution du nombre de biopsies inutiles, une diminution ou une 

augmentation de l'intensité du traitement et la reclassification du niveau de risque après  
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l'utilisation des tests.  

Résultats: La recherche a répertoriée 2940 articles après la suppression des doublons, dont 46 

satisfaisaient aux critères d'inclusion. Nous avons trouvé des preuves d’utilité clinique sur les 

tests Prostate Health Index (PHI), score 4K, imagerie par résonance magnétique (IRM), 

Oncotype, Decipher, Prolaris, ConfirmMDx, Progensa PCA3, NaDIA ProsVue et ProMark.  

D'autre part, aucune preuve d’utilité clinique n'a été identifiée pour les tests Prostarix, 

ProstaVysion, Prostate Core Mitomic Test (PCMT) et Mi-Prostate score (MiPs). 

Les premières interventions ont démontré leur utilité clinique en termes d’altération de 

recommandations de traitement, diminution/augmentation du traitement interventionnel, 

diminution du taux de biopsie inutiles et reclassification des niveaux de risques. Beaucoup 

de ces interventions pourront être de bons outils pour la stratification pré et post-

traitement, en plus de différencier les maladies agressives des maladies indolentes et 

d'améliorer l’allocation du traitement. Au diagnostic du CaP après une biopsie positive, 

l’utilisation de ProMark, Oncotype, Prolaris et l’IRM guident l’utilisation de la surveillance 

active. Suivent une prostatectomie, l’utilisation de NadiaProsVue, Decipher et Prolaris 

contribuent à la prise de décision d’ajouter un traitement adjuvant un traitement adjuvant ou 

non. Dans le cas précédant une biopsie initiale ou répétée, PHI score 4K et IRM ; Et les cas 

précédents une biopsie répétée, ConfirmMDx, PHI, Progensa, 4Kscore et IRM - améliorent la 

prédiction des résultats de la biopsie permettant une diminution  du nombre de biopsies 

inutiles.  

 

Conclusion: Plusieurs tests pourraient aider à améliorer la prise de décision de traitement pour  



   VIII 

les patients atteints de CaP. Cette revue systématique suggère que la mise en œuvre de ces 

tests dans la pratique clinique pourrait aider à la réalisation du traitement personnalisé du CaP. 

D'autres études d'utilité clinique et économique sont requises pour fournir de l’information 

supplémentaire, sachant que cette revue systématique pourrait fournir des preuves qui 

permettraient une utilisation accélérée de ces tests dans un avenir proche. 
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1. Introduction 

 

Prostate cancer (PCa) is the second most frequent male malignancy worldwide (1). In Canada, it 

is estimated that prostate cancer (PCa) will account for 21% of all new cancer cases in 2016 (2).  

Canadian statistics estimated that in 2017 21,300 men will be diagnosed with PCa, and 4,100 

will die from the disease (3). Likewise, in the US approximately 220,800 men are diagnosed with 

PCa and 27,000 men die from the disease per year (4). 

 

Unlike when diagnosed at later stages, early detection of prostate cancer results in high cure 

rates, better outcomes, and lower costs (5, 6). Currently detection and clinical staging depend 

on digital rectal exam (DRE), serum prostate specific antigen test (PSA), Gleason score and T 

staging (7, 8). However, these assessment tools lack the ability of accurate stratification of PCa 

patients, leading to over-diagnosis and overtreatment (9). Although PSA screening was 

associated with declining disease specific mortality (10, 11), PSA use increased PCa incidence, 

leading to treatment of clinically insignificant tumours that could be alternatively not treated 

(11, 12). Other than PSA lack of specificity, clinicians are facing other major concerns. Biopsy 

under sampling is an important issue, mainly because it might lead to underestimation of the 

disease (13). Upgrading and downgrading Gleason score post prostatectomy (14, 15) is a clear 

reflection of biopsy sampling error (16), which will cause overtreatment of some cases and 

underestimation of others. 

 

While some patients need immediate treatment, up to 60 % of diagnosed PCa patients by 

current practice can be safely managed by active surveillance (17). Thus, significant efforts have 
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been recruited to find new tests and interventions that are able to differentiate between 

indolent and aggressive cancer, to achieve better treatment decision. 

Many new tests have demonstrated clinical utility and benefits in prostate cancer management. 

These tests are applied in four decision points: in screening, after positive biopsy, after negative 

biopsy and after radical treatment. To spare an indolent prostate cancer patient from an 

unnecessary biopsy after an elevated PSA, interventions as Prostate Health Index (PHI), 

4Kscore, Magnetic resonance imaging (MRI), and Prostarix could be used for screening (18-24). 

Furthermore, Prolaris, Decipher, OncotypeDX, ProstaVysion, MRI, Mi-Prostate Score (MiPS), 

and ProMark are other interventions that could be used after prostate cancer diagnosis to 

distinguish aggressive cancers that need treatment from non-aggressive that could be safely 

observed such (13, 24-30). Another group of interventions that could help overcome false 

positive screening and sampling error are used after a negative biopsy to identify candidates for 

a repeat biopsy, such as Progensa PCA3, 4Kscore, PHI, MRI, Prostate Core Mitomic Test (PCMT), 

and ConfirmMDx (24, 31-36). Finally, after radical treatment, tests have been developed to 

assess if additional treatment is necessary depending on pathologic findings like Decipher, 

Nadia ProsVue, ProMark, and Prolaris (24, 37-43).  

 

Unquestionably, we need to consider some of these interventions due to their potential role in 

improving risk stratification and outcomes prognostication. Unfortunately, in clinical practice 

most of these interventions are not used, mainly because we lack enough evidence on their 

clinical benefit, utility, and cost-effectiveness evidence. Many analytical validity and clinical 
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validity studies are published in literature; however, not many clinical utility studies are found, 

which actually reflect the interventions’ usefulness in clinical practice.  

The objective of this systematic review is to assess the clinical utility of new marketed tests for 

use in PCa management before initial and repeat biopsy (or after negative biopsy), after 

positive biopsy, and post-prostatectomy. 

 

2. LITERATURE REVIEW 
 

2.1 Prostate cancer anatomy and pathology 
 

 

The prostate is a walnut sized exocrine gland present just under the bladder, in front of the 

rectum (44). While the testicles are responsible for sperm production, the prostate produces 

the fluid that provides the sperm with nourishment and protection (45, 46) . During orgasm, the 

prostate contracts producing the fluid into the urethra, that exits the penis while carrying the 

sperms, which are kept in the testicles. 

 

While some tissue abnormalities that occur in the prostate are non-cancerous (such as benign 

prostatic hyperplasia), others are cancerous. Most cancers occur in the peripheral zone of the 

prostate. The alteration in prostatic tissue leads to PSA infiltration into blood, thus used as an 

indicator for prostate cancer. 

 

2.2 Epidemiology of Prostate Cancer 
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As the male population grows older, the incidence of prostate cancer increases.  Worldwide, 

more than one million patients are diagnosed, and over 300,000 patients die due to this disease 

every year (47). Prostate cancer mortality rates and incidence vary between countries, and 

constitute a huge burden worldwide.  Canadian statistics show that one out of eight men can 

be diagnosed with prostate cancer during their lifetime (48). In 2016, reports estimates that 

prostate cancer will account for 21% of all new cancers in Canada (2).  It is also expected that 

the number of new cases will triple to 76 379 in 2021 as compared to year 2009 (49). PCa is the 

third leading cause of death in men (50, 51).  

 

This raised the interest of studying the economic burden of prostate cancer. Stokes et al used a 

model to estimate costs per patient from diagnosis until death (52). Lifetime costs per-patient 

were estimated to be $110,520 (95% CI 110,324-110,739) (52). Prostate-cancer-related costs 

varied between $26,078 and $39,182 based on patient’s diagnosed stage. The lifetime prostate 

cancer costs approximated $4.0 billion in 2008 for incident cases ≥ 65 years old (52). In the early 

phase of the disease, costs in the first 12 months after diagnosis are approximately $12,000 per 

patient, while in high risk group direct costs might reach up to $83,418 per patient (5). 

Treatment and monitoring of PCa place a large burden on the health care system.  

 

2.3 Current assessment tools used in prostate cancer management and diagnosis 
 
 
The traditional diagnosis of Prostate cancer (PCa) is based on 12-core sampling by TRUS-guided 

biopsy after an abnormal DRE and elevated PSA. However, many challenges are encountered 

with conventional diagnosis tools.  
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2.3.1 Prostate specific antigen (PSA) 

 

PSA is a protein produced by prostate tissues, and is elevated in several prostate conditions 

including PCa. Since 1986, this test is FDA approved to be used for prostate cancer monitoring. 

And since its introduction in Canada in the late 1980s, the incidence of PCa increased rapidly 

(53), mainly due to the extensive use of PSA testing as a screening method in the diagnosis of 

PCa. Although this allowed early detection of prostate cancer, PSA use led to over-diagnosis and 

overtreatment. This is due to the low specificity of PSA, knowing that this test is organ specific 

and not cancer specific. PSA cannot distinguish between aggressive and indolent disease, and is 

not directly linked to disease grade and stage. Although we are detecting PCa at an early stage, 

PSA also leads to diagnosing and treating insignificant cancer that could have been managed by 

active surveillance (AS) (54).  An indolent disease has a low potential of progression, and thus 

treating it is now considered a major concern (9). Disease-specific-survival ranges between 97% 

and 100% for patients with indolent disease treated with conservative treatment (55), still 

radical treatment is given to insignificant PCa. Although PSA testing decreases mortality, PSA 

screening is accompanied with a high number needed to treat (NNT). In the European 

Randomized study of Screening for Prostate Cancer (ERSPC) trial, the NNT for each cancer death 

avoided was 48 (12). This was further assured by several studies that emphasized the need to 

control overtreatment (56, 57). 

 

2.3.2 Digital rectal exam (DRE) 
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Digital rectal exam is an examination that consists of palpating the prostate by introducing a 

lubricated gloved-finger into the rectum. Abnormalities can be detected by this procedure; 

however, the tumour can be located away from rectal wall, thus missed (58). 

 

2.3.3 Biopsy, Gleason Score, and Staging 

 

Biopsy and radical prostatectomy (RP) tissue are assessed for aggressiveness and extent of 

spread. To evaluate aggressiveness and differentiation pathologists use Gleason score grading. 

Gleason score is a score that reflects the degree of differentiation and extent of growth by 

tumour cells after examining prostate tissue under a microscope. The score ranges between 1 

and 5, and two grades are given for each tumour for the most dominant and second most 

common pattern of cancer. The score is obtained by summing the most dominant cell pattern 

and the second most prevalent pattern.  The higher the Gleason score is, the worse the 

prognosis (59, 60). Also, to assess the extent of tumour spreading, the followed staging 

classification is the TNM (Tumour, Node, and Metastasis) system from the American Joint 

Committee on Cancer (AJCC) system. TNM is used to evaluate the extent of tumour growth 

within and outside prostate. 

 

Biopsy is usually done after an elevated PSA and a suspicious DRE; however, the false negative 

rate of a biopsy is prominent. Many regions of prostate are miss-sampled leading to under-

diagnosis (14). Due to sampling errors, 66% of patients diagnosed with PCa and treated have 

indolent disease that could only be on AS (61). This suggests that in addition to the biopsy cost 
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and the economic burden of overtreatment, patients will be suffering from biopsy associated-

complications, such as bleeding, urinary retention, and infection (62, 63). Treating a nonlife-

threatening disease with invasive treatment is also accompanied with treatment associated- 

side effects that could highly impact patients’ lives (57, 64, 65). The main side effects of primary 

therapies are described later in the thesis at the treatment section.  

 

2.4 Recent Clinical Guidelines and Confusion Associating PCa Screening 
 
 
The incidence of PCa diagnosis markedly increased after adopting PSA as a screening method 

(66). This peak in PCa incidence is due to the overdiagnosis of insignificant disease (67-70), thus 

raising concerns on the diagnostic accuracy of PSA. Although mortality decreased in some 

countries with high screening, it also decreased in others who do not widely screen (66). Two 

important studies further raised the controversy, and could be used to evaluate PSA screening. 

The first study, the Prostate, Lung, Colorectal and Ovary (PLCO) trial, which is designed to 

explain the effect of screening on PCa death (71), showed that after 7 years of follow-up there 

was no reduction in mortality in the screened group. On the other hand, the European 

Randomized Study of Screening for Prostate Cancer (ERSPC) showed that after 13 years of  

follow up, the risk of PCa death declined by 21% after screening (rate ratio, 0.79; p=0.001) (70).  

However, since prostate cancer is a long-term disease, studying mortality after 7 to 10 years 

will probably show different results when compared to longer follow-up. This could explain the 

difference in results between PLCO trial and ERSPC study, where patients were followed for 7 

and 13 years, respectively. After 7 years of follow-up, the risk of PCa death might not be 

precisely detected.  



8 
 
 

 

Despite of the decrease in mortality, confusion concerning PSA screening remains unresolved, 

since it is leading to overdiagnosis and overtreatment (72). Currently, patients with 

insignificant, unthreatening disease are treated aggressively. This further enhances the debate 

on PSA benefits and harms, and whether its use is justifiable. Overdiagnosis is associated with 

high costs, since latent disease is treated knowing that this disease would not have been 

diagnosed in an absence of screening. Screening is not able to differentiate between diseases 

that need treatment and those that do not; hence clinicians end up giving curative treatment to 

most diagnosed patients. Overdiagnosis ranged from 25% to 84% of screened cancers (72-74), 

and is accompanied with significant costs and side-effects (75). 

 

In an attempt to reduce over detection and overtreatment associated with PSA screening, many 

guidelines were updated to try to resolve the controversy associated with prostate cancer 

screening (76). However, the variation between these guidelines created more controversy and 

confusion. Contemporary guidelines are presented in the following table: 

 

Table 1: Guidelines on Prostate Cancer screening 

Guideline Recommendations 

The Canadian Task Force on 
Preventive Health Care (2014) (67) 

 For men aged less than 55 years, it is recommended not to 
screen for prostate cancer with PSA. 
(Strong recommendation; low quality evidence) 

 For men aged 55–69 years, it is recommended not to screen 
for prostate cancer with PSA. 
(Weak recommendation; moderate quality evidence) 

 For men 70 years of age and older, it is recommended not to 
screen for prostate cancer with PSA  
(Strong recommendation; low quality evidence) 
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Canadian Urological Association 
(2011)(8) 

 PSA screening recommended: For men aged 50-70 with 
average risk  and life expectancy of at least 10 years /for men  
aged 40 years at high risk  
 
 

United States Preventive Services 
Task Force (USPSTF ) (2012) (77) 
 
 

 Routine PSA screening is not recommended 
 Recommendations are being revised (78) 

 
 

American Urological Association 
(2013) (79) 

 Men aged less than 55 are not recommended to routinely 
screen, and those aged between 55 and 69 should discuss with 
their physicians  

 

European Association of Urology 
(2013) (80) 

 Routine screening is not recommended 
 Discussion should take place with physicians (In favor for 

opportunistic screening) 
 

 
 
 
 
2.5 Possible Impact of Updated Guidelines on Clinical Practice 
 

 
Since guidelines conflict concerning PSA screening, studies attempt to understand effect of 

guidelines’ new recommendations on patients’ and physicians’ attitudes about screening. 

Fleshner et al, demonstrated a 3-10 percentage points decrease in PSA screening rates, 

accompanied by a decrease in biopsy rates (81). After the USPSTF elucidated on the harms of 

PSA screening, many conducted studies demonstrated a decrease in screening rates. Jemal et 

al, reported a drop from 37.8% to 30.8% in 2010 and 2013 (82). Similarly, this was seen in Li et 

al, where a decrease from 31.8% to 24.2% was demonstrated in 2008 and 2013, respectively 

(83). Furthermore, this uncertainty led to further testing, rescreening, and more concerns about 

PCa assessment. Perez et al for instance (84), noted that patients received significantly more 

PCA3 and repeat PSA testing. PCA3 test calculates the ratio between Prostate cancer antigen 
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gene (PCA3) and PSA mRNA found in urine samples post DRE, and is used guide treatment 

decisions (85, 86). After the USPSTF statement, PCA3 increased by 16% (P<0.01) and repeat PSA 

testing by 10% (P=0.02). This is further assured by Moul et al (87), who expected  a rise in 

physician consultations and further testing. Thus the uncertainty concerning PSA screening 

resulted in clinicians’ employment of more testing, hence even more costs.  

 

2.6 Active Surveillance (AS) – An Alternative to Radical Treatment (RT) in Low Risk 
Patients 

 
 

Treatment options vary from active surveillance (AS), to radical prostatectomy (RP), to radiation 

therapy (RT). The treatment decision depends on several factors that are mainly related to 

patient’s age, Gleason score, stage of disease, and life expectancy. Watchful waiting (WW) is 

often confused with AS, however those two interventions are different. WW allows monitoring 

of the disease, but involves less testing and systematic check-ups than AS. Lately, AS replaced 

WW because it allows better control and monitoring of the tumor. When compared to WW, AS 

extends life of a prostate cancer patient more than WW (88). Life time risk of prostate cancer-

specific death is higher when WW is used instead of AS (88).  

 

Men with insignificant disease might be diagnosed with cancer when screened; however, this 

cancer will not affect their survival (89). Clinically insignificant prostate cancer is an organ 

confined, low grade, and low volume cancer that will not likely progress to aggressive disease 

(90). Those patients should be put under active surveillance, in which they are followed and 

monitored without treatment. They will be assessed effectively and most likely die from other 
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causes (91, 92). AS candidates are actively monitored with an intention to start curative 

treatment if disease progresses.  

 

Many studies reported that using AS will not negatively affect survival or disease curability in 

men with low-grade, low-volume disease, who have little or no metastatic potential (93-95). 

Interventional treatment did not show additional survival benefit over observation (93, 96). In 

addition to the fact that AS is a safe option (97, 98), it will avoid men from suffering many 

treatment related-side effects, including urinary, sexual, and bowel dysfunction (54, 99-103). 

Today, AS is considered an important alternative to radical treatment in low risk patients, and a 

solution for overtreatment. Yet, some patients might experience some psychological distress 

while living with cancer, and thus affecting their quality of life.  

 

 
2.7 Risk Stratification and Active Treatment by Risk Group 
 
 
Other than AS, there are a variety of treatment options, and deciding which treatment depends 

on many factors. In addition to grade, stage, and PSA levels; other elements such as age and 

family history are taken into account. Many contemporary stratification systems are found to 

classify the patients and give treatment accordingly. Although those systems are similar, some 

differences exist. Introduced in 1998, D’Amico stratification system divides prostate cancer 

patients into three groups (104). Low risk group that include patients with T1- T2a, and PSA ≤ 

10 ng/ml, and Gleason score ≤ 6 that is obtained by summing the most dominant cell pattern 

and the second most prevalent pattern. Patients with T2b stage, and/or PSA 10-20 ng/ml, 
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and/or Gleason score 7 are identified as Intermediate. While, high risk group is defined as ≥T2c, 

PSA ≥ 20 ng/ml or Gleason score 8-10 (104). Other systems are also present, such as National 

Comprehensive Cancer Network (NCCN), National Institute for Health and Clinical Excellence 

(NICE), American Urological Association (AUA), and the European Association of Urology (EAU). 

The AUA and EAU agree with D’Amico classification, while the NCCN added very low-risk group 

to its classification (105, 106). Risk stratification is an important aspect in clinical decision, and 

based on those systems, prostate cancer is managed. 

For instance according to NCCN guideline which is commonly used worldwide, men are 

classified into (i) very low risk, (ii) low risk, (iii) intermediate risk, or (iv) high risk, to identify 

optimal treatment. Staging, treatment possibilities, and life-expectancy are presented in 

Table2. 

Table 2: Risk stratification at diagnosis and management options (107) 

Risk Group  Management options 

Very low Life expectancy 10 or ≥ 20 years  
(i) Active surveillance (ii) Radical prostatectomy ± pelvic lymph node 
dissection (iii) External beam radiation therapy/ brachytherapy  

Low Life expectancy ≥ 10 years 
(i) Active surveillance (ii) Radical prostatectomy ± pelvic lymph node 
dissection (iii) External beam radiation therapy/ brachytherapy 

Intermediate Life expectancy ≥ 10 years  
(i) Radical prostatectomy ± pelvic lymph node dissection (ii) External 
radiation therapy ± androgen deprivation therapy (ADT) (4-6 months) ± 
brachytherapy (iii) Brachytherapy alone  

High (i) External beam radiation therapy + androgen deprivation therapy (2-3 
years) (ii) External beam radiation therapy + brachytherapy ± androgen 
deprivation therapy (2-3 years) (iii) Radical prostatectomy + pelvic lymph 
node dissection 
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Very high (i) External beam radiation therapy + androgen deprivation therapy (2-3 
years) (ii) External beam radiation therapy + brachytherapy ± androgen 
deprivation therapy (2-3 years) (iii) Radical prostatectomy + pelvic lymph 
node dissection (iv) Androgen deprivation therapy (ADT) when cure is not 
possible 

   

 

2.8 Localized Prostate Cancer 
 
 
Cancer not affecting any other organ nor spreading outside the prostate is called localized 

prostate cancer. Patients with localized prostate cancer can have a localized tumour with a low 

potential of malignancy, or a curable cancer that could be treated by one treatment modality, 

or a high risk cancer that has a high likelihood of recurrence. The proportion of men with 

localized prostate cancer is increasing. In 2010, 90% of patients diagnosed with prostate cancer 

had localized disease (108). Radiation therapy, radical prostatectomy, and active surveillance 

are all reasonable treatment options. One study reported that radiation therapy and 

prostatectomy were used in 76% of patients diagnosed with localized prostate cancer (108). In 

Canada for instance, the number of radical prostatectomies increased from 3 per 100,000 in 

1980/81, to 71 per 100,000 in 1998/99 (109).  

 

2.8.1 Radical Prostatectomy (RP) 

 

This is the actual removal of the prostate in a surgical procedure. Usually, the seminal vesicles 

and vas deferens are also removed.  RP is used in patients with clinically localized cancer who 

are not contraindicated to surgery (80).  Risk stratification and staging exclude men who will 
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not be disease-free post-RP. Thus, any assumption of lymph node metastases, systematic 

metastases, or seminal vesicle invasions will raise questions on whether RP would be an 

appropriate treatment decision. Usually at the time of RP, lymphadenectomy is used to decide 

whether to proceed or switch to other treatment plans.  The majority of patients doing RP are 

under 70 years with life expectancies exceeding 10 years (110). If performed at early stages, RP 

provides the patient with a long-term control of cancer.  

 

A study conducted to analyse the effect of RP on the survival of prostate cancer patients 

showed that RP was associated with significantly longer mean survival time when compared to 

non-interventional treatment (111). Similarly, this was demonstrated in several other studies 

that assured the excellent survival outcomes that accompany RP (112, 113). The 10 year 

survival rate post RP ranged between 96% and 97.6%, in several studies (112, 114, 115).  The 5 

and 10-year biochemical progression-free survival estimates were 80% and 68%, respectively 

(112).  

 

Many long-term complications arise after RP including erectile dysfunction (ED) and urinary 

incontinence. The most common complication is ED that occurs after damaging the erectile 

nerves during surgery. Although there is a nerve-sparing technique, nothing is assured 

especially if it is a large volume tumour. Haahr et al (116) stated that RP caused ED in 67.9% of 

the patients. Another important complication is incontinence, and its rates range between 5% 

and 31% (110). 
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2.8.2 Radiation Therapy 

Radiation therapy allows the gradual and cumulative destruction of cancerous tissue. With an 

intention to cure prostate cancer, radiation is used when tumour is confined to the prostate. 

Radiation could be given through two approaches: the external beam radiation therapy (EBRT) 

and brachytherapy. When using EBRT, thin radiation beams are directed to the prostate, and it 

is usually administered every day, 5 days a week (79). On the other hand brachytherapy or Seed 

Implant Therapy involves introducing small radioactive pellets into the prostate(117). 

Brachytherapy will cause a temporary prostate swelling, and the seeds remain radioactive for a 

limited period of time. Choosing between EBRT and brachytherapy usually depends on cancer 

aggressiveness. For instance brachytherapy alone is not used in higher grade cancer, thus PSA 

should be < 10 ng/ml, stage should be T1 or T2 , and Gleason score should not be above 6 (3+3) 

(118).  

 

Many studies compared radiation to other treatments; for instance, Boorjian et al compared 

radiation to RP. It included 1,238 patients undergoing radical prostatectomy and 609 patients 

undergoing EBRT. Results showed that there was no significant difference in 10-year cancer-

specific survival rates or in distant metastasis for patients receiving either treatment (119). 

Another study also comparing radiation therapy to RP  demonstrated better biochemical-failure 

free survival with radiation after 3 years of follow up (86.8% vs. 69.8%; p=0.001) (120). 

 

Fatigue, cutaneous reactions in the pubic area, frequent need to urinate, blood in urine, 

diarrhea, rectal bleeding are side effects that may accompany EBRT. Most of the side effects 
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gradually disappear over a year (121, 122). However EBRT is also associated with long term 

complications, such as, cystitis, urinary incontinence, hematuria urethral strictures, and 

permanent erectile dysfunction (65, 123, 124). Above 40 % of patients who have EBRT could 

have erectile dysfunction (125, 126).  Brachytherapy is also associated with side effects such as, 

increased frequency of urination, nocturia, and sexual dysfunction(127). 

Furthermore, many articles studied outcomes for patients using hormone therapy with 

radiation therapy. A Scandinavian randomised phase III trial showed that combining radiation 

to hormone therapy yielded improved survival rates, thus recommending this combination as a 

new standard in locally advanced or high-risk local prostate cancer (128). Similarly, this was 

demonstrated in another trial, overall survival improved significantly at 7 years (74% vs 66%, 

p=0.033).  Thus, for men with locally advanced disease, combined EBRT and hormone therapy is 

recommended. 

 

2.9 Advanced Prostate cancer 
 
 
Hormonal therapy or Androgen deprivation therapy (ADT) is the mainstay treatment in 

advanced cases (129). This treatment option aims to limit cancer progression, control 

symptoms, and extend survival (130). Hormone therapy prevents the testicles from producing 

testosterone, since testosterone enhances prostate cancer growth. This is achieved by two 

ways: either by Orchiectomy (surgical castration) or by Luteinizing hormone releasing hormone 

(LH-RH) analog therapy (chemical castration).  
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Orchiectomy is the permanent removal of the testicles, thus causing shrinkage of prostate 

cancer. Although it is considered a simple procedure, not all men accept the change in physical 

appearance.  

 

On the other hand, chemical castration is an option. LH-RH analogs over stimulate the pituitary 

gland until it stops producing LH, and thus an inhibition of testosterone production. Leuprolide, 

Goserelin, Buserelin, and Triptorelin are all examples of LH-RH analogs. They are given as 

regular injections that could last few months and up to life time. Current evidence favors long-

term ADT over short term ADT. A study randomizing 970 men to six months (short-term) verses 

3 years (long term) of same hormonal treatment demonstrated the inferiority of short-term 

ADT concerning survival. A higher prostate cancer specific mortality was reported after 6 

months of ADT relative to 3 years (4.7% vs 3.2%, corresponding to HR 1.71, p=0.002) (131). 

However, ADT is associated with toxicities. Treatment-related- complications such as hot 

flashes, loss of sexual drive, fatigue, mood swings, loss of bone and muscle mass could affect 

patients’ quality of life (53).  

 

The majority of men respond to treatment; yet the resistance to castration occurs, and thus 

those patients are considered castration-resistant. Despite taken treatment, PSA rises, disease 

worsens, or metastasis appears. Docetaxel, Mitoxantrone, Cabazitaxel, are chemotherapies 

studied in resistant and metastatic cancers (132-134). In addition to that, abiraterone and 

enzalutamide are two new hormonal agents effective in castration resistant disease. 
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Abiraterone, is an androgen synthesis inhibitor, and enzalutamide is a second generation 

antiandrogen that could be used prior or post docetaxel (135, 136). 

 

In advanced PCa, multiple agents could be used as supportive treatment, such as bone- 

targeted therapies. Until 2012, Zoledronic acid was the main bisphosphonate used due to its 

important role in preventing bone complications (137). Another drug that proved to be superior 

to zolendronic acid is denosumab. This agent is a monoclonal antibody that not only prevents 

skeletal side effects , but also delays  bone metastasis (138, 139). This was approved for public 

reimbursement in 2012 in Quebec and elsewhere in Canada. 

 

2.10 Costs of diagnosis and treatment of prostate cancer 
 
 
Studies are showing that patient’s risk group influences total costs, knowing that high risk 

groups accrue the maximum costs (140). For instance, it is estimated that the total life-time 

costs per patient increased from $18,503 at 5 years to $28,032 and $39,143 at 10 and 15 years, 

respectively. Sanyal et al (5) further detailed the total cost per patient according to risk group 

stratification. The study demonstrated a total cost per patient at 5 years ranging from $12,814, 

to $17,944, and $33,559 for low, intermediate, and high risk, respectively. This was also 

analysed at 10 and 15 years, where it reached $17,265, $46,090, and $83,418 at 15 years for 

low, intermediate, and high risk, respectively (5). Furthermore, in that study costs were more 

detailed. For instance, for high risk group patients, the cost per patient for RP, IMRT+ADT and 

IMRT+ADT+BT reached $74,702, $85,206, and $86,566, respectively at 15 years (5). 
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2.11 Personalized Medicine Era : New Interventions in Prostate cancer 
 
 
To overcome PSA lack of specificity, under-sampling of performed biopsy, and overtreatment, 

new tests and interventions are assessed today as alternative methods to achieve better 

prognosis, facilitate treatment decisions, detect aggressive cancer, and improve risk 

stratification. The clinical utility and effectiveness of these new interventions are studied in 

prostate cancer treatment, diagnosis, and screening.  Some interventions are developed for 

screening in order to reduce the number of unnecessary (negative) biopsies in patients with 

elevated PSA levels, such as MRI, Prostate Health Index, 4Kscore, and Prostarix. Others are used 

in patients who previously had a positive biopsy, to distinguish aggressive cancers that need 

treatment from those who do not, such as OncotypeDX, Decipher, MRI, Prolaris, Prostavysion, 

ProMark, and MiPs tests. In addition, to allow the identification of patients in whom a repeated 

biopsy is needed, ConfirmMDx, Progensa, 4Kscore, PHI, MRI, and Prostate Core Mitomic are 

developed to be used in patients post a negative biopsy. Finally, to assess if additional 

treatment is necessary depending on pathologic findings, some tests were studied post-radical 

treatment, such as Decipher, ProMark, Prolaris, and Nadia ProsVue.  

 

Hence, employing these new interventions that could help differentiate aggressive from 

indolent cancer, would provide guidance on treatment decisions; thus avoiding overtreatment 

and allowing earlier treatment of possibly metastatic cancer. Available interventions are 

discussed below to give an overview of what could be implemented in clinical practice. 

 

2.11.1 Progensa PCA3 assay 
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Progensa is a test that calculates the ratio between Prostate cancer antigen gene (PCA3) and 

PSA mRNA found in urine samples post DRE. PCA3 score increases the probability of a positive 

biopsy, since cancer tissues over-express PCA3 (85). Progensa is a valuable predictor of 

insignificant cancer and low volume disease (86, 141). A low PCA3 score predicts a low PCa 

volume, thus helping clinicians find an insignificant disease that could avoid treatment (86). In 

many studies, this FDA approved test showed a good correlation with biopsy outcome, thus 

guiding a repeat biopsy decision (142-147). Many studies noted that PCA3 outperformed PSA, 

and is superior in detecting early PCa (141, 148, 149) especially after demonstrating a 3-5% 

accuracy gain (85). 

2.11.2 4Kscore Prostate Cancer Test  

A 4K test is a widely evaluated blood test measuring a panel of kallikrein markers: total PSA, 

free PSA, intact PSA, and human kallikrein 2 (KLK2). Many published studies indicate 4Kscore’s 

ability to detect insignificant cancer and predict metastatic disease when compared to PSA 

alone (150). The test demonstrated its capability of predicting the occurrence of metastatic and 

aggressive disease (35, 151-158), thus enhancing PCa detection. By eliminating an important 

number of unnecessary biopsies, 4kscore benefits are also reflected in decreased health care 

expenses (159). 

 

2.11.3 ConfirmMDx  

This intervention is a biopsy based test that measures methylation levels of three genes (160). 

ConfirmMDx effectively predicts repeat biopsy outcome with a negative predictive value (NPV) 

of 88-90% (32). A reduced rate of repeated biopsies would result from the use of ConfirmMDx 
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(161), since it is an independent predictor of PCa capable of distinguishing disease free patients 

from those that are more likely to have the disease (162). This quantitative assay can confirm 

based on methylation ratios of GSTP1, APC and RASSF1 genes whether there is cancer 

surrounding noncancerous tissues or not, taking into consideration that needle biopsy can miss 

cancer. Thus, confirming that a negative biopsy truly indicates the absence of cancer, in 

addition to identifying high-risk patients (32, 163). Thus, even if a microscope biopsy sample 

appears normal, using this assay will allow finding patients at risk of false negative results. 

 

2.11.4 OncotypeDX  

This is another genomic test that is considered a significant predictor of grade and stage of 

prostate cancer.  It can be used after a positive biopsy on tissue sample as little as 1 mm of 

prostate tumour (24, 164). Based on prostate biopsy, the genomic prostate score (GPS) predicts 

recurrence and adverse pathology post –RP (13). This score ranges between 0 and 100, knowing 

that high scores indicate aggressive disease. Due to its ability to discriminate high grade from 

low-grade cancer, OncotypeDx could be used to guide treatment decisions (165, 166). Every 20 

point increase in GPS is accompanied by approximately a two fold increase in risk of have high-

grade disease (13). This test enables clinicians to re-stratify patients, and thus detecting 

candidates for immediate treatment (163).  

 

2.11.5 Prolaris 

This is a genomic test that measures cell cycle progression (CCP) signature consisting of 46 

genes to predict disease mortality and progression. This tissue based test measures directly 
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tumour growth since it reflects proliferation. It could be used after a positive biopsy to identify 

active surveillance candidates and post radical prostatectomy providing risk of adverse 

pathology (167). Several validation studies demonstrated this test’s ability to predict 

biochemical recurrence (BCR), metastasis, and prostate cancer specific mortality (43, 167-169). 

The incidence of death increases when CCP score is above 2 (168). Freeland et al, showed that 

the hazard of BCR increases by two folds approximately with every unit increase in CCP score 

(170). Many studies assessed reclassification by Prolaris, and others noted the ability of this 

prognostic test to change therapy (43, 171-175). For instance, Crawford et al (171) showed that 

Prolaris altered 64.9% of the treatment recommendations, 37.2% had a reduction of 

interventional treatment and 23.4% had an increase. Notably, radical prostatectomy and 

radiation decreased by 49.5% and 29.6% respectively. CCP is a good prognosticator of PCa, and 

including it in current prediction models could help avoid many long-term complications that 

accompany unnecessary treatment (176).  

 

2.11.6 Magnetic resonance imaging (MRI) 

After the emergence of MRI-targeted biopsy, and its ability to accurately target suspicious 

lesions, studies are suggesting MRI use in screening and diagnosis due to its potential role in 

detecting aggressive cancer. Thus, MRI helps to achieve more targeted treatment. Studies on 

MRI showed high specificity and sensitivity in predicting post-operative pathology (177), in 

addition to high detection rates (178, 179). In one study including patients after initial biopsy, 

MRI use upgraded Gleason score of 20% of patients (180). Another study noted that using MRI 

prior RP improved significantly prediction of tumour of Gleason score ≥ 4 (181).  Hence, MRI 

https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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demonstrated an important role in reclassification and staging (182, 183), which would enable a 

physician to directly monitor the disease and identify a high-grade disease that really needs 

treatment (184). 

 

2.11.7 Prostate Health Index (PHI) 

PHI test combines the measurement of PSA, free PSA, and pro PSA (p2PSA). This test enables 

better cancer detection since its levels are correlated to malignancy. The usefulness of PHI was 

investigated in several other studies (185, 186). Lazzeri, et al. (187), which prospectively 

evaluated 646 patients who were subjected to initial biopsy, showed that the PHI cut-off of 27.6 

would allow avoiding 15.5% biopsies while missing 9.8%. The same group of authors (188) also 

reported a 16.5% reduction in biopsies if using a cut-off of 25.5, while missing 8.5%. Thus, 

better specificity in cancer detection is achieved when using PHI along PSA (189). 

 

2.11.8 ProMark 

ProMark is a biopsy based prognostic test detecting 8 protein biopsy markers to predict both 

aggressiveness and outcome in PCa patients (190). The test was developed in a study of 381 

patient biopsies matched with prostatectomy tissues, then validated in another part of the 

same study consisting of 256 men to distinguish between favourable and non-favourable 

pathology at RP (191). Results showed that frequency of favourable pathology decreases with 

increasing ProMark scores. Furthermore, the cost-effectiveness of this assay was studied, 

showing that using the 8–protein assay would cause a gain of 0.04 more QALY, accompanied 

with $700 less in costs (192). 



24 
 
 

 

2.11.9 Prostarix 

Performed on urine post DRE exam, Prostarix measures the concentrations of four amino acids, 

knowing that metabolic abnormalities associate with malignancy. This test predicts the 

likelihood of having a positive biopsy in men with elevated PSA and normal DRE. No validation 

studies were found on this test. 

 

2.11.10 Prostate core mitomic test (PCMT) 

The Prostate core mitomic test (PCMT) is a quantitative assay measuring mitochondrial DNA 

deletions, thus allowing clinicians to differentiate between aggressive and indolent disease. 

These deletions are very common in PCa (193). Even when used on normal biopsy specimen 

adjacent to malignant biopsies, this test can predict cancer. This test helps clinicians decide 

whether a repeat biopsy is indicated. PCMT predicts outcome of repeat biopsy with a negative 

predictive value of 91% (34). Additional validation studies are needed for this test.  

  

2.11.11 Decipher 

Decipher or Genomic classifier (GC) is a genomic test which uses the expression of 22 RNA 

markers (coding and noncoding) to predict metastasis and prostate cancer-specific mortality, 

outperforming currently used assessment tools. Moreover, it allows risk stratification of PCa 

patients post radical prostatectomy (RP) and guides the treatment decision for adjuvant 

therapy (38, 194-197). Decipher is a good predictor of metastasis, knowing that for every 10% 

increase in score, the HR for metastasis is 1.26 (p<0.01) (198). Furthermore, lower scores are 
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associated with better survival rates (38). Many studies also explain the effect of decipher on 

decision making and risk classification (37, 197, 199). For instance, one study reported that 

treatment was de-intensified to observation for 40% of patients who were recommended for 

adjuvant radiation therapy, and was intensified for 13% of patient recommended for 

observation (199). Likewise, Ross et al (197), showed that decipher reclassified 71%, 52% and 

19% of patients in CAPRA-S low-, intermediate- and high-risk groups, respectively. This test was 

validated in several studies that include RP treated PCa patients.  

 

2.11.12 ProstaVysion 

This is a tissue based genomic tests that measures ERG gene fusion/translocation and loss of 

PTEN suppressor gene. It gives an overview on cancer aggressiveness and risk of metastasis. 

Although we can find lots of literature discussing the link between these genes and cancer, no 

validation studies were published on this assay. 

 

2.11.13 NaDIA ProsVue 

This blood based test, predicts risk of clinical recurrence post-RP. It measures the rate of total 

PSA change over a period of time by detecting extremely low concentrations of PSA from 3 

blood samples taken after RP (200). NaDIA helps identify patients with low risk of recurrence 

post RP (40, 200). It is seen as a cost-effective method if used in patients of intermediate risk 

CAPRA, to relieve the ambiguity accompanying treatment decisions (201). 
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3. OBJECTIVES 

The primary objective of this systematic review is to assess and identify new developed tests 

and interventions with highest evidence of clinical utility, that might be adopted in clinical 

practice, throughout the PCa management: before initial and repeat biopsy (or after negative 

biopsy), after positive biopsy, and post radical treatment. Thus our specific objectives are: 

 

1. To determine the clinical utility of MRI, PHI, 4K, and Prostarix tests aiming at improving 

the detection and diagnosis of prostate cancer in male patients with suspicion of having 

prostate cancer (PCa) in whom screening is indicated (men > 50 years or > 45 years with 

PCa family history or African Americans; without previous prostate cancer treatment or 

previous biopsy, with PSA 2-10 ng/ml or suspicious digital rectal exam (DRE)). 

2. To determine the clinical utility of OncotypeDx, Decipher, Prolaris, Prostavysion, 

ProMark, MRI, and MiPs tests aiming at improving the diagnosis and treatment of 

prostate cancer in male patients with prostate cancer (PCa) to guide treatment choice 

and decision after a positive biopsy (men with previous positive biopsy) 

3. To determine the clinical utility of ConfirmMdx, MRI, Progensa, 4K, PHI, and Prostate 

Core Mitomic tests aiming at improving the diagnosis and treatment of prostate cancer 

in male patients with suspicion of having PCa (elevated PSA, suspicious DRE), and 

previous initial or more negative biopsies or an indeterminate biopsy result by guiding 

repeat biopsy decision. 

4. To determine the clinical utility of Decipher, Prolaris, ProMark, and Nadia ProsVue tests 

aiming at guiding post-operative treatment decisions in men at risk for recurrence or 



27 
 
 

PCSM (men with adverse post RP pathology, pT3, rising PSA or positive surgical 

margins) in whom treatment amelioration/ addition is suggested. 

 

4. METHODOLOGY 

4.1 Study design 

We conducted a systematic review. Hence, we assessed all research studies related to the 

usefulness of new tests and interventions in prostate cancer management. A protocol was 

established and followed for each phase of the systematic review. 

 

4.2 Literature Search  

The bibliographic databases Cochrane, Embase, Medline, and Web of Science were 

systematically searched by an experienced librarian at McGill University. All search strategies 

were peer-reviewed by a second experienced librarian at the same institution. The search 

strategy included vocabulary and text built around the research question according to PICO 

(patient, intervention, comparators, outcomes) framework. The search was conducted on 

November 22, 2016 and updated on February 24, 2017 to identify studies on clinical utility of 

the new tests in prostate cancer. The appropriate strategy was employed to perform the study 

using selected MeSH terms and keywords. The Medline search strategy (see Appendix I) was 

adapted for Cochrane, Embase, and Web of Science.  

 

All published studies written in English or French were considered. The search was not 

restricted by year of publication to include all articles about the issue of concern. After 
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screening reference lists of the included articles retrieved by our database search, we were 

able to have additional articles we found eligible. Search terms included “prostate cancer” , 

“Prostatic Neoplasms”, “4KScore”,“ Progensa” ,“PCMT”, “ConfirmMDx” ,“Decipher”, “Nadia 

ProsVue”, “Prostarix”, “Oncotype”, “ProMark”, “MRI”, “MiPS”, “Prolaris”, “Prostate health 

index”, “ProstaVysion”,  as well as acronyms or other terms for these words. Duplicates were 

identified and excluded using EndNote’s Author/Title/Year duplicate checker, followed by a 

manual verification. Truncation and wild cards were used to avoid missing any article that 

might include tests of interest. We included all possible study types that could include clinical 

utility evidence.  

 

4.3 Types of studies and Data extraction 

In our systematic review, we included articles that have clinical utility evidence. Clinical utility 

studies assess the ability of the test to affect patient outcomes and treatment decisions. The 

best way to demonstrate the clinical utility of a test is by showing its ability of decreasing PCa 

specific mortality (PCSM) or metastasis. Other important outcomes are overtreatment and 

over-diagnosis in contemporary management of prostate cancer, and showing how testing 

affects them would be essential.  However, since prostate cancer is a long-term disease, 

present studies might not have the ability to demonstrate these outcomes. Thus, clinical utility 

evidence concerning prostate cancer will logically focus on short-term outcomes such as change 

in treatment decision or patient stratification or the amount of decrease in interventional 

treatment. These outcomes will clarify the ability of each test to change treatment decision at 

each phase of the disease.  
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After duplicate removal, two reviewers screened independently all the titles and abstracts as a 

first step to exclude all irrelevant studies as part of step 1 of the systematic review. The 

screening procedure then continued as part of step 2; however, full texts were now assessed 

for relevancy by using predetermined eligibility criteria presented in Table 1. 

 

Table 3: Inclusion and exclusion criteria for studies eligibility 

Inclusion Criteria Exclusion Criteria 

  

• Any article related to PCa 
treatment, screening, 
diagnosis 

• Conference abstracts 

• Any article related to test of 
interest  

• Unrelated and Untraceable articles 

• Any article with clinical utility 
evidence 

• Animal or in vitro studies 

 • Commentaries, Letters, and editorials 

 • Review papers and case reports 

 • Articles with no clinical utility evidence (not including 
our outcomes of interest) 

 • Studies in languages other than English and French 
 

 

 The studies included had clinical utility evidence. Clinical utility studies included tests that 

demonstrate: a measure of the percent of altered clinical decision making after addition of the 

tests (how many patients had a change in treatment), a measure of patients’ reclassification 

into risk groups, a quantification of the decrease/increase of interventional treatment after 

employing these tests, or an evaluation of the number of unnecessary prostate biopsies and 

number of missed PCa diagnosis (before initial biopsy and after a negative biopsy). Long-term 

outcomes such as the effect of test use on morbidity and mortality were included if available. 

Any study that does not tackle one of these issues was excluded. The reviewers assessing the 
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studies were initially blinded to each other’s results. Each reviewer worked on the collected 

database on his own, and at each step discussion occurred. At step 3, data extraction of the 

eligible full text articles that were included in the systematic review occurred using a prepared 

Data Extraction Sheet (Appendix II). Each reviewer completed this stage independently, and 

then results were discussed afterwards to solve any disagreement.  

 

4.4 Quality Assessment 

Eligible studies were assessed for quality using a modified version of the scale developed in 

Rector et al (Appendix III). The modified checklist is composed of 17 questions evaluating study 

design, methodology, intervention, bias risk, and outcomes (202, 203). 

An ordinal scale was used to give values for each question, 0 if ‘‘not clear’’ or ‘‘not a relevant 

item’’ or “not good quality”, 1 for ‘‘good quality’’, 2 for ‘‘excellent quality’’. This scoring 

procedure was done by two reviewers independently, and a discussion was carried out at the 

end. Based on the overall score, the studies were categorized as excellent quality if scoring 

>75%; good quality if scoring between 50% and 75%; and poor quality if scoring <50% (202).  

 

4.5 Types of interventions 

The interventions are grouped into 4 groups based on what is published in the literature and by 

manufacturers’ websites (Table 2 and 3). 

1. Group 1: MRI, PHI, 4K, Prostarix  

2. Group 2: OncotypeDx, Decipher, Prolaris, Prostavysion, ProMark, MRI, and MiPs   

3. Group 3:  ConfirmMdx, MRI, Progensa, 4K, PHI, and Prostate Core Mitomic  
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4. Group 4: Decipher, Prolaris, ProMark, and Nadia ProsVue  

 

Table 4: Summary on Group 1 and 3 interventions 

Intervention Type of 
intervention/   
markers 
measured 

About the intervention Indication Group 

Prostate Health 
Index (PHI) 
Beckman 
Coulter 

Blood based 
immunoassay 
 
PSA, freePSA, 
p2PSA 
 

-The phi score is a continuous measure.  
-Categorizes patients into: 
 0–20.9 (low risk); 21–39.9 (moderate 
risk); and >=40 (high risk). 
- Estimates of the risk of cancer being 
detected at biopsy are:  8.7% for men 
with a phi score in the low-risk 
category, 20.6% for men in the 
moderate-risk category and 43.8% for 
men in the high-risk category. 
 

-used if PSA between 2-
10ng/ ml (4-10ng/ml FDA)  + 
negative DRE+ age more or = 
to 50 (FDA approved for this 
indication) 
-After a negative biopsy and 
continuous suspicion 
-Not for  patients receiving 
5-α-reductase inhibitors 
medication 

1 /3 

4Kscore 
Prostate Cancer 
Test  
OPKO Health, 
Inc. 

Blood based 
immunoassay 
 
4 kallikrein 
markers: Total 
PSA , free PSA, 
intact PSA, 
hK2  
 
 

-4Kscore>7.5%  predicted 
probabilities of 2.5, 5.6, 9.9, 16.4% of 
distant metastasis in 5, 10, 15, 20 years 
respectively. 
-4Kscore< or =7.5%  predicted 
probabilities of 0, 0.2, 1, 1.8% of distant 
metastasis in 5, 10, 15, 20 years 
respectively. 
- Gives probability of finding high grade 
PCa (GS > =7) on biopsy   

 -Men with an abnormal PSA 
or DRE or clinical  suspicion 
-Patients who have had a 
prior negative biopsy and 
want to do repeat biopsy 
- Not to patients who 
received 5-α-reductase 
inhibitors medication in past 
6 months 
 

1/3 

Prostarix 
Metabolon Inc. 

Urine based 
  
4 metabolites: 
sarcosine 
alanine glycine 
glutamate  

 -Prostarix-PLUS Risk Score: Prostarix + 
PSA + TRUS-determined prostate 
volume  
 
-Score (1-100) = predicted likelihood of 
having  5 year recurrence 

-Men with an abnormal PSA 
or DRE or clinical  suspicion 
 
-No validation studies 

1 

MRI 
 

Magnetic 
resonance 
imaging 
  
(imaging of 
lesions) 

-To decide who to biopsy, re-biopsy , 
treat 
- Identify men with insignificant disease 
and are ideal for AS 
-Early detection of PCa 
-Patients diagnosed with cancer who 
need treatment, adjuvant , dose (PCa 
staging) 

-Men with no previous 
biopsy, with a previous 
negative biopsy, after 
positive biopsy 

1/ 2/3 
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-Improving accuracy of biopsies 
 

ConfirmMDx 
MDx Health  
 

Biopsy tissue 
based 
genomic  test 
 
Monitors the 
methylation 
states of APC, 
GSTP1 
and RASSF1 
genes  

-Negative result: avoid repeat biopsy 
and monitor with routine screening 
 
-Positive: suspicious areas marked as 
positive providing repeat biopsy 
guidance on prostate map  

- Prior negative or high-
grade prostatic 
intraepithelial 
neoplasia (HGPIN) biopsy 
result  
(12-core biopsy within 24 
months) 
 
  

3 

Progensa PCA3 
Assay 
Gene-Probe Inc 
 

urine-based 
biomarker 
assay : Post 
DRE first urine 
catch 
 
PSA+ PCA3 
mRNAs 

-The PCA3 is a ratio of the PCA3 mRNA 
copies/ml to PSA mRNA copies/ml 
multiplied by 1000 
-Predicts the likelihood of positive 
biopsy  
-Recommended threshold score: 25, 
with values 25 and higher suggesting 
the presence of cancer  

-Patients 50 or older with a 
negative diagnosis of 
prostate cancer on analysis 
of the biopsy sample (one or 
more previous  biopsies)  
and elevated serum PSA+ 
and a repeat biopsy is 
recommended (FDA 
approved) 
-Not for patients who are 
taking medications known to 
affect serum PSA levels  
 

3 

Prostate core 
mitomic test 
Mitomics 
 

Tissue based 
genomic test 
 
mtDNA 
deletions  
 

-PCMT negative outcome: Patient is 
currently at a low risk of undiagnosed 
prostate cancer.  
-PCMT positive outcome: Patient is at a 
high risk of undiagnosed prostate 
cancer.  

- Patients who have had a 
prior negative biopsy and  
show PSA > 4.0 ng/ml, 
PSADT < 3 months PSAV > 
0.4 ng/ml/year or Irregular 
DRE, Family history African 
American Life expectancy > 
10 years 
- Patients who have had a 
prior indeterminate biopsy 
(ASAP, HGPIN, Atypia) 
 

3 

 
Group1: Screening (before initial biopsy): Decide who to biopsy 
Group3: Tests after negative (or indeterminate) biopsy: To decide when to re-biopsy 
Abbreviations: Atypical small acinar proliferation (ASAP), High-grade prostatic intraepithelial neoplasia 
(HGPIN), Prostate-specific antigen(PSA), Digital rectal exam (DRE), Gleason score (GS), Food and drug 
administration (FDA), Transrectal ultrasound (TRUS), biochemical recurrence (BCR), cell cycle progression 
(CCP), Prostate cancer (PCa), mitochondrial (mtDNA), Adenomatous polyposis coli (APC), glutathione S-
transferase  (GSTP1) , Ras Association Domain Family Member 1 ( RASSF1), PSA Doubling time ( PSADT), 
PSA velocity (PSAV). 
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Table 5: Summary on Group 2 and 4 interventions 

Intervention Type of 
intervention/   
markers 
measured 

About the intervention Indication Group 

OncotypeDX 
Genomic 
Health 

Tissue based 
genomic test 
 
17 genes (12 
cancer- related 
+5 reference 
genes)  

-Genomic Prostate Score (GPS) from 0 
to 100 providing a likelihood of 
favorable pathology. 
 
-Can be used on cancer as small as 1 
mm 
 
 

- Very Low, Low &  
Intermediate Risk  PCa 
patients 
 

2 

MRI 
 

Magnetic 
resonance 
imaging 
  
(imaging of 
lesions) 

-To decide who to biopsy, re-biopsy , 
treat 
- Identify men with insignificant disease 
and are ideal for AS 
-Early detection of PCa 
-Patients diagnosed with cancer who 
need treatment, adjuvant, dose (PCa 
staging) 
-Improving accuracy of biopsies 
 

-Men with no previous 
biopsy, with a previous 
negative biopsy, after 
positive biopsy 

1/2/3 

Prolaris 
Myriad 
Genetics 

Tissue based 
genomic test 
 
46 genes (31 
CCP + 15 
housekeeping 
genes)  

- Estimates 10 year PCa specific 
mortality risk and BCR 
 
- Stratifies patients according to 
aggressiveness 

-On biopsy: In low/very low 
 candidates of AS  
- Post RP: Patients that may 
benefit from aggressive 
intervention /at high risk of 
recurrence 
-FDA approved 
 

2/4 

ProMark 
Metamark 
Genetics 
 
 

Tissue based 
proteomic test 
 
8proteins  

-Predicts probability of adverse 
pathology at RP based on biopsy 
-High score independently predict 
unfavourable pathology at RP 
-Predict BCR in patients after RP 
-Score bet 0 and 1 

-Biopsy tissue based 
prognostic assay for patients 
with biopsy Gleason Scores 
3+3 and 3+4  
-In patients with low, low -
intermediate risk  
  

2/4 

Mi-Prostate 
Score (MiPS)  

Urine based 
biomarker 

-According to levels of TMPRSS2: ERG 
and PCA3 in their urine: patients 

-high specificity in detecting 
high grade ( Gleason >6) in 

2 
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MLabs 
 
 

Post DRE first 
urine catch 
 
PSA,PCA3, 
TMPRSS2:ERG 
mRNAs 
 
  

classified to low, intermediate and high 
levels, or scores Cancer was 
diagnosed in each of the groups 
respectively: 21%, 43%, and 69%. 
-Probability of cancer based on biopsy 
 

low risk patients  

ProstaVysion  
Botswick 
Laboratories 

Tissue based 
genomic test 
 
ERG gene 
fusion/transloca
tion and the loss 
of the PTEN 
tumour 
suppressor gene 
 
 

- Predicts PCa related death in low risk 
patients/ future metastasis after RP 
-PTEN loss linked with higher risk of BCR 
-ERG associated with more aggressive 
phenotype 
 

-No validation studies 
 
 

2 

NaDIA 
ProsVue 
IRIS 
International 

Blood based 
 
Calculate PSA 
slope 
 

- PSA < or =2  pg/mL/mo    reduced 
risk of clinical recurrence within 8 years  
post RP 

-useful for  intermediate risk 
patients that are candidates 
to adjuvant radiotherapy 
(ART) post RP 

4 

Decipher 
Genome DX 
Biosciences 

Tissue based 
genomic  test 
 
22 coding and 
noncoding RNAs  

-reports probability of metastasis at 5 
years after surgery and 3 years after 
PSA recurrence 
 
-Decipher high risk (>0.6) men may 
benefit from adjuvant radiation  
-Decipher low risk men (<0.45) can be 
safely observed with PSA monitoring 
 

- Patients with adverse 
pathology post-surgery: pT3 
or positive surgical margin or 
rising PSA  
 
-Candidates for radiation 
 
 
 

2/4 

 
Group2: After a positive biopsy: Indolent vs. Aggressive: Who to treat 
Group4:  After an intervention: To decide who needs additional treatment 
Abbreviations: Prostate-specific antigen(PSA), Digital rectal exam (DRE), Gleason score (GS), Food and 
drug administration (FDA), Transrectal ultrasound (TRUS), Phosphatase and tensin homolog (PTEN), 
biochemical recurrence (BCR), cell cycle progression (CCP), Prostate cancer (PCa) 

 

 

Group 1 is developed for screening in order to reduce the number of unnecessary (negative) 

biopsies in patients with elevated PSA levels, such as MRI, Prostate Health Index, 4Kscore, and 
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Prostarix. Those are usually used in male patients with suspicion of having prostate cancer (PCa) 

in whom screening is indicated (men > 50 years or > 45 years with PCa family history or African 

Americans; without previous prostate cancer treatment or previous biopsy, with PSA 2-10 

ng/ml or suspicious digital rectal exam (DRE)). Group 2 is used in patients who previously had a 

positive biopsy, to distinguish aggressive cancers that need treatment from those who do not, 

such as OncotypeDX, Decipher, Prolaris, Prostavysion, ProMark, and MiPs tests. The third group 

includes ConfirmMDx, Progensa, 4Kscore, PHI, MRI, and Prostate Core Mitomic used in patients 

post a negative biopsy, to allow identification of patients in whom a repeated biopsy is needed. 

Usually, Group 3 is used in male patients with suspicion of having PCa (elevated PSA, suspicious 

DRE, and previous initial or more negative biopsies or an indeterminate biopsy result) to guide 

the repeat biopsy decision. Finally, Group 4 includes the tests that are used in post-radical 

treatment, to assess if additional treatment is necessary depending on pathologic findings, such 

as Decipher, ProMark, Prolaris, and Nadia ProsVue. Those patients are men at risk for 

recurrence or PCSM (men with adverse post RP pathology, pT3, rising PSA or positive surgical 

margins) in whom treatment amelioration is suggested. 

These interventions are showed in a diagram that allows correlation of each intervention with 

the different stages of prostate cancer throughout screening, diagnosis, and treatment of 

prostate cancer (Figure 1). 
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Prostate specific antigen(PSA), prostate cancer (PCa), prostate health index (PHI), 4Kscore (4K), magnetic 
resonance imaging (MRI), phosphatase and tensin homolog/ERG gene (PTEN/ERG), mi-prostate score (MiPs), 
radical treatment (RT), active surveillance (AS), prostate core mitomic test (PCMT), magnetic resonance imaging-
targeted biopsy (MRTB), transrectal ultrasound-guided biopsy (TRUSGB) ;1) Tests before 1st biopsy; 2) Tests after a 
positive biopsy; 3) Tests after a negative biopsy; 4) Tests after Radical treatment (RT) 
 
Fig. 1: Diagram of interventions grouped according to different stages of PCa 

 

 

4.6 Study Population  

The selected studies evaluate the clinical utility of interventions used in improving screening, 

diagnosis, and treatment of prostate cancer in prostate cancer patients.  

Group 1: Screening: are used for patients with suspicion of having prostate cancer with a life 

expectancy of at least 10 years (with no previous biopsy / without previous prostate cancer 

treatment) 

 men aged = or  >50; or  
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 men aged > 45 years with PCa family history; or 

 after elevated PSA or suspicious DRE 

Group 2: After a positive biopsy: are for patients diagnosed with prostate cancer (with previous 

positive biopsy /without previous prostate cancer treatment) 

 men with rising PSA; or 

 candidates for active surveillance  

 men with Gleason Scores 3+3 and 3+4; or 

 men with pT3 cancer 

Group 3: after negative (or indeterminate) biopsy: are for patients with suspicion of having 

prostate cancer with a life expectancy of at least 10 years (with previous negative biopsy) 

 men aged = or  >50; or  

 men aged > 45 years with PCa family history; or 

 after elevated PSA or suspicious DRE; or 

 men having HGPIN biopsy, Atypia, ASA 

Group 4: After an intervention: used in patients diagnosed with prostate cancer (with previous 

prostate cancer treatment) 

 men with pT3 cancer; or 

 men with rising PSA; or 

 men with Gleason Scores 3+3 and 3+4; or 

 men with adverse post RP pathology 
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4.7 Data synthesis 

The flow chart is reflective of the different stages of the systematic review. The number of 

screened articles, abstracts, screened full texts, and excluded ones are clearly mapped in the 

study flow chart (figure 2). 

Outcomes studied varied depending on the used intervention and when it is used, in screening, 

diagnosis, or treatment phase. The change in decision to perform a biopsy was assessed as an 

important outcome for tests categorized as Group 1. Similarly, this was studied for Group 3, to 

see the change in deciding whom to rebiopsy. On the other hand, the percentage of treatment 

change, decrease/increase in interventional treatment, and patient reclassification were 

assessed to quantify the importance of the used tests of Group 2 and 4.  

 

4.8 Outcomes 

Primary outcomes (short term outcomes): 

Group 1: 

1. Measure the proportion of altered clinical decision-making after the addition of the 

tests (how many patients had a change in decision to perform biopsy.) 

2. Evaluate the number of unnecessary prostate biopsies and the number of missed PCa 

diagnosis  

Group 2: 

1. Measure the proportion of altered clinical decision-making after the addition of the tests 

(how many patients had a change in treatment) 

2. Quantification of the decrease of interventional treatment* after employing these tests 
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3. Quantification of the increase of interventional treatment* after employing these tests 

Group 3: 

1. Measure the proportion of altered clinical decision-making after the addition of the 

tests (how many patients had a change in decision to repeat biopsy.) 

2. Evaluate the number of unnecessary prostate biopsies and the number of missed PCa 

diagnosis  

Group 4: 

1. Measure the proportion of altered clinical decision-making after the addition of the 

tests (how many patients had a change in treatment) 

2. Quantification of the decrease of interventional treatment after employing these tests 

3. Quantification of the increase of interventional treatment after employing these tests 

*Note: Interventional treatment includes: Radical prostatectomy, radiation therapy, or some 

combination of treatment. The burden of the treatment options are ranked as follows: radical 

prostatectomy> radiation therapy> other therapy (brachytherapy/cryotherapy, etc.)> androgen 

deprivation therapy> active surveillance> watchful waiting. Hence the quantification of the 

decrease or increase in interventional therapy will include both a shift from an interventional to 

a non-interventional therapy and shift from one interventional option to another. 

Secondary outcomes (long term outcomes): 

1. Evaluate morbidity and mortality from treatment of diagnosed cancer after adopting 

such tests. 
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2. Clinical outcomes, such as progression free survival, overall survival, and relapse-free 

survival. 

3. Detect adverse events from false test results including treatment of clinically 

insignificant prostate cancer. 

These outcomes will most likely not be demonstrated in current clinical utility studies since 

prostate cancer is a long-term disease. And since these tests are not associated with direct 

harms or adverse effects, such criteria will not be included in the systematic review. 

 

5. RESULTS 
 

The results of the study done as part of the master’s degree are presented in the form of a 

manuscript. 

 

5.1    The Manuscript 

Ghadeer Olleik, Wassim Kassouf, Armen Aprikian, Jason Hu, Marie Vanhuyse, Fabio Cury, 

Stuart Peacock, Elin Bonnevier, Ebba Palenius, Abdel-Rahman Tarifi, Alice Dragomir.  

Evaluation of new tests and Interventions for prostate cancer management – A systematic 

review. (Currently being revised for submission) 

 

5.2    Contributing authors 

I wrote all the sections of the manuscript (abstract, introduction, methods, results, and 

conclusion). I generated the results written in this manuscript. I was always working with a 

student at each stage of the systematic review. Each student was working independently, and 
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then discussion took place afterwards, thus respecting the rules of performing a systematic 

review. 

Roles of co-authors: 

 Dr. Aprikian and Dr. Kassouf are urologists, Dr. Cury, a radiation specialist, Dr. Vanhuyse, 

a medical oncologist. 

 The medical team at the McGill University Health Center (Dr. Aprikian, Dr. Vanhuyse, Dr. 

Cury, and Dr. Kassouf) participated in the design of the project with Dr. Dragomir, my 

supervisor. These physicians validated the project on a clinical level, participating in 

putting the objectives of this project. They reviewed the manuscript. 

 Dr. Peacock is a health economist and Co-Director of the Canadian Centre for Applied 

Research in Cancer Control. He contributed to the objectives protocol and reviewed the 

manuscript. 

 Elin Bonnevier, Ebba Palenius, and Abdel-Rahman Tarifi are the students who 

participated in the project. Elin and Ebba worked on groups 1 and 3, while Abdel worked 

on groups 2 and 4. Meanwhile, I worked on Groups 1, 2, 3, and 4. At each stage, we met 

to discuss, knowing that the different stages of a systematic review should be done by 

two reviewers. 

 Jason Hu is a doctoral student under the supervision of Dr. Dragomir. He contributed to 

protocol revision and he reviewed the manuscript. 

 Dr. Dragomir is my supervisor. She is the principal investigator of this study. She wrote 

the research protocol. She led the team and the whole project. She has also reviewed 

my work at different phases and this manuscript. 
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ABSTRACT 

BACKGROUND: 

In Canada, it is estimated that prostate cancer (PCa) will account for 21% of all new cancer 

cases in 2016. Inaccurate risk classification and the burden of unnecessary biopsies are a 

challenge due to the limited ability of current risk assessment tools and modalities in 

distinguishing indolent from aggressive disease. There is a need for evidence-based 

interventions that could improve stratification accuracy, and allow a decrease in overtreatment 

and overdiagnosis. Many new promising tools that could reduce the uncertainties 

accompanying treatment decision are now studied in PCa.  

 

OBJECTIVE: 

This systematic review assesses and identifies new developed tests and interventions with 

highest evidence of clinical utility, that might be adopted in clinical practice, throughout the 

PCa management: before initial and repeat biopsy, after positive biopsy, and post radical 

treatment. 

 

METHODS: 

The Cochrane, Embase, Medline, and Web of Science databases were searched for studies of 

clinical utility evidence. The outcomes of interest were: a measure of the percentage of altered 

decision-making, decrease in number of unnecessary biopsies, decrease or increase in 

treatment intensity, and risk reclassification after test utilization. 

 



44 
 
 

RESULTS: 

The search yielded 2,940 articles after duplicate removal, of which 46 met the inclusion criteria. 

We found clinical utility evidence on Prostate Health Index (PHI), 4Kscore, Magnetic resonance 

imaging (MRI), Oncotype, Decipher, Prolaris, ConfirmMDx, Progensa PCA3, NadiaProsVue, and 

Promark. On the other hand, none was identified on Prostarix, Prostavysion, Prostate core 

mitomic test (PCMT), and Mi-Prostate Score (MiPs). The interventions demonstrated their 

clinical utility in terms of change in treatment recommendations, decrease/increase in 

interventional treatment, decrease in biopsy, and risk reclassification. Many of these 

interventions demonstrated to be good tools for pre-treatment and post-treatment risk 

stratification, in addition to elucidating aggressive versus indolent disease and enhancing an 

improved treatment allocation. At diagnosis after a positive biopsy, use of ProMark, Oncotype,  

Prolaris and MRI guide the use of active surveillance. Post-prostatectomy, the use of 

NadiaProsVue, Decipher, and Prolaris aid in the decision of adding adjuvant therapy. Prior initial 

and repeat biopsies, PHI, 4Kscore, and MRI; and prior repeat biopsies ConfirmMDx, PHI, 

Progensa, 4Kscore, and MRI - improve prediction of biopsy outcome allowing a decrease in 

unnecessary biopsies. 

CONCLUSION: 

Several tests might help to improve treatment decision-making for PCa patients. This review 

suggests that implementation of these tests in clinical practice could assist in the achievement 

of personalized treatment of PCa.  Further clinical utility and economic studies are warranted to 

provide further guidance, knowing that this systematic review could provide evidence that 

allow accelerated use of such tests in the near future. 
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1.  INTRODUCTION 

Prostate cancer (PCa) is the second most frequent male malignancy worldwide (1). In Canada, it 

is estimated that prostate cancer (PCa) will account for 21% of all new cancer cases in 2016. It is 

expected that 21,600 new prostate cancer cases will be diagnosed (2).  Likewise, in the US 

approximately 220,800 men are diagnosed with PCa and 27,000 men die from the disease per 

year (3). 

Unlike when diagnosed at later stages, early detection of prostate cancer results in high cure 

rates, better outcomes, and lower costs (4, 5). Currently detection and clinical staging depend 

on digital rectal exam (DRE), serum prostate specific antigen (PSA), Gleason score, and T staging 

(6, 7). However, these assessment tools lack the ability of accurate stratification of PCa 

patients, leading to overdiagnosis and overtreatment (8). Although PSA screening was 

associated with declining disease specific mortality (9, 10), PSA use increased PCa incidence, 

leading to treatment of clinically insignificant tumours that could be alternatively not treated 

(10, 11). In addition to PSA lack of specificity, biopsy under-sampling raised more concerns (12). 

Upgrading and downgrading Gleason score post prostatectomy (13, 14) is a clear reflection of 

biopsy sampling error (15), which causes overtreatment of some cases and under treatment of 

others. 

While some patients need immediate treatment, up to 60 % of diagnosed PCa patients by 

current practice can be safely managed by active surveillance (16). Thus, significant efforts have 

been engaged to find new tests and interventions that are able to differentiate between 
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indolent and aggressive cancer, to optimize the use of biopsy and to achieve better treatment 

decision.  

Many new tests have demonstrated clinical utility and benefits in prostate cancer management. 

These tests are applied in four main decision points: for screening, after positive biopsy, after 

negative biopsy and after radical treatment. To spare an indolent prostate cancer patient from 

an unnecessary biopsy after an elevated PSA, interventions as Prostate Health Index (PHI), 

4Kscore, Magnetic resonance imaging (MRI), and Prostarix could be used for screening (17-23). 

Furthermore, once diagnosed with prostate cancer, patients might benefit from a group of 

interventions that have been developed to distinguish aggressive cancers that need treatment, 

from non-aggressive that could be safely observed. Such interventions are Prolaris, Decipher, 

OncotypeDX, ProstaVysion, MRI, Mi-Prostate Score (MiPS), and ProMark (12, 23-29). Another 

group of interventions that could help overcome false positive screening and sampling error are 

used after a negative biopsy to identify candidates for a repeat biopsy, such as  Progensa PCA3, 

4Kscore, PHI, MRI,  Prostate Core Mitomic Test (PCMT), and ConfirmMDx (23, 30-35). Finally, 

after radical treatment, tests have been developed to assess if additional treatment is 

necessary depending on pathologic findings like Decipher, Nadia ProsVue, ProMark, and 

Prolaris (23, 36-42).  

 

Unquestionably, clinicians would like to consider some of these interventions due to their 

potential role in improving risk stratification and outcomes prognostication. Unfortunately, in 

clinical practice, most of these interventions are not used, mainly because we lack enough 

evidence on their clinical benefit, clinical utility, and cost-effectiveness analysis. Many analytical 
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validity and clinical validity studies are published in literature; however, not many clinical utility 

studies are found, which actually reflect the interventions’ usefulness in clinical practice.  

The objective of this systematic review is to assess the clinical utility of new marketed tests for 

use in PCa management before initial or repeat biopsy (after negative biopsy), after positive 

biopsy, and post-prostatectomy. 

 

2.  METHODS 

2.1 Literature Search  

The bibliographic databases Cochrane, Embase, Medline, and Web of Science were 

systematically searched by an experienced librarian at McGill University. All search strategies 

were peer-reviewed by a second experienced librarian at the same institution. The search 

strategy included vocabulary and text built around the research question according to PICO 

(patient, intervention, comparators, outcomes) framework. The search was conducted on 

November 22, 2016 and updated on February 24, 2017 to identify studies on clinical utility of 

the new tests in prostate cancer. A research protocol was established and followed for each 

steps of the systematic review. The appropriate strategy was employed to perform the study 

using selected MeSH terms and keywords. The Medline search strategy (see Appendix I) was 

adapted for Cochrane, Embase, and Web of Science.  

 

All published studies written in English or French were considered. The search was not 

restricted by year of publication to include all articles about the issue of concern. After 

screening reference lists of the included articles retrieved by our database search, we were 
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able to have additional articles we found eligible. Search terms included: “prostate cancer”, 

“Prostatic Neoplasms”, “4KScore”,“ Progensa” ,“PCMT”, “ConfirmMDx” ,“Decipher”, “Nadia 

ProsVue”, “Prostarix”, “Oncotype”, “ProMark”, “MRI”, “MiPS”, “Prolaris”, “Prostate health 

index”, “ProstaVysion”,  as well as acronyms or other terms for these words. Duplicates were 

identified and excluded using EndNote’s Author/Title/Year duplicate checker, followed by a 

manual verification. Truncation and wild cards were used to avoid missing any article that 

might include tests of interest. We included all possible study types that could include clinical 

utility evidence.  

 

2.2 Study selection and Data extraction 

In our systematic review, we included articles that have clinical utility evidence. Clinical utility 

studies assess the ability of the test to affect patient outcomes and treatment decisions. The 

best way to demonstrate the clinical utility of a test is by showing its ability of decreasing PCa 

specific mortality (PCSM) or metastasis. Other important outcomes are overtreatment and 

overdiagnosis in contemporary management of prostate cancer, and showing how testing 

affects them would be essential.  However, since prostate cancer is a long-term disease, 

present studies might not have the ability to demonstrate these outcomes over such follow-up 

period. Thus, clinical utility evidence concerning prostate cancer will logically focus on short-

term outcomes such as change in treatment decision or patient stratification or the amount of 

decrease in interventional treatment. These outcomes will clarify the ability of each test to 

change treatment decision at each phase of the disease.  
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After duplicate removal, two reviewers screened independently all the titles and abstracts as a 

first step to exclude all irrelevant studies as part of step 1 of the systematic review. Then the 

screening procedure continued as part of step 2; however, now full texts were assessed for 

relevancy by using predetermined eligibility criteria presented in Table 1. The studies included 

should have clinical utility evidence. Clinical utility studies should include tests that 

demonstrate: a measure of the percent of altered clinical decision making after addition of the 

tests (how many patients had a change in treatment), a measure of patients’ reclassification 

into risk groups, a quantification of the decrease/increase of interventional treatment after 

employing these tests, or an evaluation of the number of unnecessary prostate biopsies and 

number of missed PCa diagnosis (before initial biopsy and after a negative biopsy). Long-term 

outcomes such as the effect of test use on morbidity and mortality were included if available. 

Any study that does not tackle one of these issues was excluded. The reviewers assessing the 

studies were initially blinded to each other’s results. Each student worked on the collected 

database on his own, and at each step discussion occurred. At step 3, data extraction of the 

eligible full text articles that were included in the systematic review occurred using a prepared 

Data Extraction Sheet (Appendix II). Each reviewer completed this stage independently. The 

results were then discussed afterwards to solve any disagreement.  

 

2.3 Quality Assessment 

Eligible studies were assessed for quality using a modified version of scale developed in Rector 

et al (Appendix III). The modified checklist is composed of 17 questions evaluating study design, 

methodology, intervention, bias risk, and outcomes (43, 44). 
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An ordinal scale was used to give values for each question, 0 if ‘‘not clear’’ or ‘‘not a relevant 

item’’ or “not good quality”, 1 for ‘‘good quality’’, 2 for ‘‘excellent quality’’. This scoring 

procedure was done by two reviewers independently, and a discussion was carried out at the 

end. Based on the overall score the studies were categorized as excellent quality if scoring 

>75%; good quality if scoring between 50% and 75%; and poor quality if scoring <50% (43).  

 

2.4 Types of interventions 

The interventions were grouped into four groups (Table 2). Group 1, which is developed for 

screening, is used in order to reduce the number of unnecessary (negative) biopsies in patients 

with elevated PSA levels, such as MRI, Prostate Health Index, 4Kscore, and Prostarix. Those are 

usually used in male patients with suspicion of having prostate cancer (PCa) in whom screening 

is indicated (men > 50 years or > 45 years with PCa family history or African Americans; without 

previous prostate cancer treatment or previous biopsy, with PSA 2-10 ng/ml or suspicious 

digital rectal exam (DRE)). Group 2 is used in patients who previously had a positive biopsy, to 

distinguish aggressive cancers that need treatment from non-aggressive ones that do not, such 

as OncotypeDX, Decipher, Prolaris, Prostavysion, ProMark, and MiPs tests. The third group 

includes ConfirmMDx, Progensa, 4Kscore, PHI, MRI, and Prostate Core Mitomic used in patients 

following a negative biopsy, to allow identification of patients in whom a repeated biopsy is 

needed. Usually, Group 3 is used in male patients with suspicion of having PCa (elevated PSA, 

suspicious DRE, and previous initial or more negative biopsies or an indeterminate biopsy 

result) to guide a repeat biopsy decision. Finally, Group 4 includes the tests that are used post-
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radical treatment, to assess if additional treatment is necessary depending on pathologic 

findings, such as Decipher, ProMark, Prolaris, and Nadia ProsVue. Those patients are men at 

risk for recurrence or PCSM (men with adverse post RP pathology, pT3, rising PSA or positive 

surgical margins) in whom treatment amelioration/addition is suggested. 

We grouped the interventions into these 4 groups based on what was published in the 

literature and manufacturers’ websites.   

These interventions are showed in a diagram that allows correlation of each intervention with 

the different stages of prostate cancer throughout screening, diagnosis and treatment of 

prostate cancer (Figure 1). 

 

2.5 Data synthesis 

The flow chart is reflective of the different stages of the systematic review. The number of 

screened articles, abstracts, screened full texts, and excluded ones are mapped in the flow 

chart clearly. 

Outcomes studied varied depending on the used intervention and when it is used, in screening, 

diagnosis, or treatment phase. The change in decision to perform a biopsy was assessed as an 

important outcome for tests categorized as Group 1. Similarly, this was studied for Group 3, to 

see the change in deciding whom to rebiopsy. On the other hand, the percentage of treatment 

change, decrease/increase in interventional treatment, and patient reclassification were 

assessed to quantify the importance of the used tests of Group 2 and 4.  

3.  RESULTS 
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We identified a total of 2,940 citations, after duplicate removal. After screening citations for 

relevance, 170 were selected for full text assessment (Figure 2). All in all, after full-text review, 

41 articles were included in the systematic review. After reviewing the bibliography, we further 

identified five more articles, thus ending up with 46 articles. 

 

3.1 Study Characteristics 

Articles that were included in the systematic review were either clinical utility articles (34-36, 

45-57) or articles that include some clinical utility evidence (22, 42, 58-85). We further 

categorized the articles retrieved based on whether the intervention was used during 

screening, after negative biopsy, after positive biopsy, or after radical treatment which is 

clarified in table 2. The included articles were published between 2001-2016. Sample sizes 

ranged between 11 and 2914 patients (56, 63). There were five articles on MRI screening, seven 

on PHI, ten on 4Kscore, two on OncotypeDx, seven on Decipher, six on Prolaris, one on 

ConfirmMDx, six on Progensa, one on NaDIA ProsVue, and one on Promark. There was no 

clinical utility evidence on Prostarix, Prostavysion, and MiPs (Figure 3).  

 

3.2 Outcomes 

The clinical utility outcomes studied were different based on which intervention is used and 

how it affects those outcomes. Twenty four articles studied the reduction in unnecessary 

biopsy, either considering initial or repeat biopsy (22, 34, 51-53, 58, 59, 61-67, 69-72, 75-78, 83, 

85), one studied avoided overtreatment (60), one studied likelihood of risk reclassification 

between groups  (35), eighteen considered change in treatment recommendations, 
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increase/decrease in interventional treatment, ten considered risk re-stratification (22, 36, 42, 

45, 47-50, 54-57, 68, 73, 74, 79-81, 84), and one considered reduction of under- and over- 

staging (82).  

 

4Kscore Prostate Cancer Test  

The 4Kscore is a blood test measuring a panel of kallikrein markers: total PSA, free PSA, intact 

PSA, and human kallikrein 2. Many published studies indicated 4Kscore’s ability to detect 

insignificant cancer and predict metastatic disease when compared to PSA alone (86). Our 

literature search detected ten publications of clinical utility evidence on 4Kscore. Nine 

publications (34, 58-61, 63-66) demonstrated the capability of reducing unnecessary biopsies by 

prediction of biopsy histopathology and occurrence of metastatic and aggressive disease. The 

first publication on 4kscore (64) consisting of 740 unscreened men who underwent biopsy for 

an elevated PSA, demonstrated that application of this test would result in a 60 % reduction in 

unnecessary biopsies at a threshold > 20%. Similarly, this was seen with all the other articles. A 

reduction of biopsies of 49%, 51%, 82%, 41%, 64%, 36%, and 25% were reported in Benchikh et 

al. (58), Vickers, et al. (63), Gupta, et al. (61), Vickers, et al. (65), Konety, et al. (34), Vickers, et 

al. (66), and Lin, et al. (62), respectively. In addition, Braun et al (59) reported a 25% reduction, 

however at a threshold of >= 8%. Hence, reduction of unnecessary biopsies ranged between 25 

and 82%. 

Another study (60), that includes 392 men who were diagnosed with prostate cancer and 

underwent RP, showed that the use of 4Kscore would allow a 14% reduction of unnecessary 

surgeries, thus avoiding overtreatment.  
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Prostate Health Index (PHI) 

Seven studies have investigated the utility of PHI, and the main results are found in Table 3. 

Lazzeri, et al. (71), which prospectively evaluated 646 patients who were subjected to initial 

biopsy, showed that the PHI cut-off of 27.6 would allow avoiding 15.5% biopsies while missing 

9.8%. The same group of authors (70) also reported a 16.5% reduction in biopsies if using a cut-

off of 25.5, while missing 8.5%. Furthermore, another two studies evaluated the decrease in 

biopsy number, which reported a 19% and 45.2% reduction in biopsy in Filella, et al. (67) (Cut-

off 31.94) and Ng, et al. (72) (cut-off 27.6), respectively, while missing 9.8 % of cases. 

 

Magnetic resonance imaging (MRI) 

Studies on MRI showed high specificity and sensitivity in predicting post-operative pathology 

(87), in addition to high detection rates (88, 89). Five articles were included in our study on MRI 

use in screening (Table 3). Three articles studied the effect of MRI use on number of biopsies 

performed (22, 83, 85). These studies reported a decrease in biopsies ranging between 51% and 

70%. Confirming other previous publication results, MRI demonstrated a role in reclassification 

and staging (84, 90). MRI would enable physicians to directly monitor the disease and identify 

high-grade disease that really needs treatment (91). 

 

Progensa PCA3 Assay 

Six identified studies investigated clinical utility evidence on Progensa, a test that calculates the 

ratio between Prostate cancer antigen gene (PCA3) and PSA mRNA found in urine samples post 

https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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DRE. All the publications recovered and kept for this systematic review correlated PCA3 to 

reduced repeat biopsy outcome (51, 52, 75-78). Malavaud et al. (77) estimated a 37% reduction 

in repeat biopsy if PCA3 is used. Similarly, a 63% and a 49.51% reduction were reported at a 

cut-off of 25 by Tombal et al. (78) and Gittelman,et al. (52), respectively. Crawford, et al. (51) 

confirmed previous publication results by reporting a reduction by 77.1% at a cut-off 35; 

however, PCA3 missed 21.6% cancer patients. Likewise, de la Taille, et al. (75) and Haese, et al. 

(76) reported approximately a 60% and a 40% reduction at a cut-off of 35 and 20, while missing 

between 9 and 21% patients.   

ConfirmMDx 

We found one clinical utility study (53) on Confirm MDX, a biopsy based test that measures 

methylation levels of three genes (92). Wonjo et al. reported a reduced rate of repeated 

biopsies in patients at risk for malignancy and with a previous negative biopsy. Only 6 of the 

138 (4.3%) men with a ConfirmMDx negative result performed a repeat biopsy. A 10-fold 

decrease in repeat biopsies was observed. 

 

Prolaris 

This intervention is a genomic test that measures cell cycle progression (CCP) signature 

consisting of 46 genes to predict disease mortality and progression. This tissue-based test could 

be used after a positive biopsy and post radical prostatectomy (93). Five articles showed clinical 

utility evidence on Prolaris after a positive biopsy and one post RP (Table 3, Fig. 3). 

Two observational prospective studies (45, 47) were conducted to evaluate the change in 

treatment recommendations pre- and post- Prolaris. Crawford et al. (45) showed that Prolaris 
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altered 64.9% of the treatment recommendations, 37.2% had a reduction of interventional 

treatment and 23.4% had an increase. Notably, radical prostatectomy and radiation decreased 

by 49.5% and 29.6% respectively. While, Shore, et al. (47) reported a 47.8% change in 

treatment recommendations, noting that 72.1% of the change was a decrease in interventional 

treatment and 26.9% was an increase. 

Also, another study, Shore et al. (46), consisting of 294 prostate cancer patients studied effect 

of Prolaris on treatment decisions. In this study, “possible” change of treatment was evaluated 

by sending physicians biopsy results with and without the test results of patients who were 

already treated. Test results would lead to definite or possible change in 32% of patients. 

The remaining three articles assessed reclassification by Prolaris (42, 48, 73). Two were after a 

positive biopsy (48, 73), and one after radical prostatectomy (42), and the results of the studies 

scored as high quality are explained. Cuzick, et al. (73) reported reclassification of 14% of low 

CAPRA and 44% of intermediate CAPRA to higher risk and lower risk, respectively. Cooperberg 

et al (42) reported the reclassification of 56% of low risk CAPRA by the test. 

 

ProMark 

ProMark is a biopsy based prognostic test detecting 8 protein biopsy markers to predict both 

aggressiveness and outcome in PCa patients (94). The test was developed in a study of 381 

patient biopsies matched with prostatectomy tissues, then validated in another part of the 

same study consisting of 256 men to distinguish between favourable and non-favourable 

pathology at RP (74). The primary goal of this study was to demonstrate a model able to 

distinguish candidates for active surveillance (AS) from those who need prostatectomy, in 
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addition to identifying favourable versus non-favourable pathology. Results showed that 

frequency of favourable pathology decreases with increasing ProMark scores. This study also 

had clinical utility evidence on ProMark, showing that the Net reclassification Improvement 

(NRI) was 0.34 (P < 0.00001; 95% CI, 0.20–0.48) and 0.24 (P < 0.0001; 95% CI, 0.12–0.35) for 

NCCN and D'Amico respectively.  

 

OncotypeDX 

This is another genomic test, which can be used after a positive biopsy on tissue sample as little 

as 1 mm of prostate tumor (23). Two studies were found to have clinical utility evidence on 

Oncotype in which both studied effect of the test on treatment patterns. Albala et al. (49) 

reported a 21% reduction in interventional treatment, mainly a 13% decrease in radiation and 

10 % in RP. In addition to that, Oncotype reclassified 4.3% very low and 35.7% low NCCN 

patients into intermediate risk. Similarly, a 24% reduction in interventional treatment is 

observed in Dall’era et al. (50). 

 

Decipher 

Decipher, or Genomic classifier (GC), is a genomic test which uses the expression of 22 RNA 

markers (coding and noncoding) to predict metastasis and prostate cancer-specific mortality. 

Moreover, it allows risk stratification of PCa patients post radical prostatectomy (RP) and guides 

the treatment decision for adjuvant therapy (37, 95). Seven studies were found to have clinical 

utility evidence (Table 3, Fig. 3) on Decipher after prostatectomy, and none were found after a 

positive biopsy.  
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The effect of decipher on decision making was studied in most of these articles. The first article, 

which employed 24 pathologically high-risk patients (36), studied the effect of Decipher use on 

salvage and adjuvant treatment recommendations. The urologic oncologists gave their 

treatment recommendations for each patient pre- and post- decipher testing results. The 

treatment recommendations changed in 43% of the cases in the adjuvant group among, which 

27% was a reduction in interventional treatment and 37% increase. In the salvage group, there 

was 53% change in treatment recommendations with a 16% reduction in interventional 

treatment and a 61% increase. In a similar context and with a larger number of urologists (54), 

this study reported that treatment was de-intensified to observation for 40% of patients who 

were recommended for adjuvant radiation therapy, and was intensified for 13% of patient 

recommended for observation. In addition to that, Decipher reclassified 51% of the patients as 

low risk. Similarly, Michalopoulos et al. (55), reported that Decipher caused a change in 

treatment recommendations of 30.8% of patients, of whom 42.5% had a reduction in treatment 

intensity and 17.6% had an increase. That agrees with Nguyen et al. (56) findings showing that 

GC results modified 35% and 45% of the treatment recommendations by oncologists and 

urologists, respectively.  

Risk reclassification was also an important outcome in the remaining three articles. Cooperberg 

et al. (79), test reclassified 49 out of 185 men as low to intermediate risk who were high risk 

according to CAPRA-S score > = 6. Among those men, three CSM events were observed, while 

17 CSM were observed in those who were classified as high risk by GC. Den et al. (80), which 

includes 2342 patients, is another study showing that GC reclassified 52%, 76% and 40% of 

patients in CAPRA-S low-, intermediate- and high-risk groups, respectively. Likewise, Ross et al 
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(81) showed that decipher reclassified 71%, 52% and 19% of patients in CAPRA-S low-, 

intermediate- and high-risk groups, respectively. In addition to that, GC correlated with 

increased cumulative incidence of BCR, metastasis, and PCSM after RP (p<0.01). Metastasis was 

47% in those classified as high risk by GC versus 12% in those with low GC score.  

 

NaDIA ProsVue 

This test is a blood based test that determines the rate of total PSA change over a period of 

time by measuring extremely low concentrations of PSA from 3 blood samples taken after RP 

(96). This test helps identify patients with low risk of recurrence post RP (39, 96). Only one 

study found to show clinical utility evidence on this test. Moul et al. (57) is a prospective, 

multicentre clinical trial that enrolled 598 men treated by RP; 225 completed the study. A score 

<= to 2 pg/ml/month reduced secondary treatment recommendation in 63.4% of patients who 

were initially referred for secondary treatment. After ProsVue results, only 11.7% of the men 

were referred to secondary treatment.  

 

ProstaVysion, Mi-Prostate Score (MiPS), Prostarix, and Prostate core mitomic test (PCMT) 

No clinical utility evidence was found on these tests. 

 

3.3 Quality Assessment 

Table 3 presents the quality assessment scores. Sixteen articles were of excellent quality 

scoring >75 (22, 52, 54, 61, 63-65, 72, 74, 77, 79-84), while most of the others were of good 

quality (26 articles) scoring between 50 and 75 (34-36, 42, 45-47, 49, 51, 53, 55, 57-60, 62, 66-
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71, 73, 75, 76, 78). Additionally, table 4 presents the summary of the quality assessment score 

in term of number of studies in each category (high-, good- and low- quality) as well as median 

score and range when this number is higher than 3. 

 

4.  DISCUSSION 

Although tools used in current practice lack precision to guide treatment decisions, Gleason 

score, T staging, PSA, and DRE continue to be important in risk stratification, diagnosis, and 

management of PCa patients. Finding and developing new prognostic tests and interventions 

won’t be enough to directly improve treatment decisions. After validating these interventions, 

they should be integrated into clinical practice to provide insight on their benefits and 

applicability. This depends on the ability to access the interventions, which mainly depends on 

their ability to understand intervention’s results and scores, to link all these to patient’s 

outcomes, and their cost. After effective access to an intervention and adoption in real life, 

clinical utility can be evaluated, which demonstrates the usefulness of this test, and the value 

this intervention adds to clinical management (97). 

Our systematic review was performed to assess clinical utility evidence on available 

interventions, hoping this will influence their utilization to achieve a better personalized 

treatment in prostate cancer management. Choosing the appropriate intervention where it is 

applicable, throughout the states of the disease from screening to treatment, is important to 

reduce the uncertainty related to diagnosis and treatment. Hence, we divided all the 

interventions into groups where each intervention could be employed, and interventions with 

the highest evidence of clinical utility are identified. 
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Our results showed that some interventions might have as many as 10 publications that have 

clinical utility evidence such as 4Kscore, whereas others might have none. The quality of the 

articles also differed between interventions. The interventions with highest clinical utility 

evidence were 4Kscore, PHI, MRI, PCA3, Prolaris, and Decipher.  

4Kscore and PHI are two tests that could be used for screening and after a negative biopsy. 

These tests proved their ability in decreasing unnecessary biopsies ranging between 15% and 

64 % at varying thresholds and cut-offs, while missing some cancers (34, 60, 71, 72). This agrees 

with many publications that correlate PHI to GS (98, 99) and its ability of avoiding unnecessary 

biopsies. MRI is an intervention that can accurately identify significant cancer, even tumours 

missed in anterior region (87). Retrieved articles showed clinical utility evidence on MRI at 

different disease stages (82, 83). PCA3, is able to identify men with higher risk of cancer. This 

test demonstrated a reduction of repeat biopsy up to 77% at cut-off 35 (51). Although we had 

these findings on PCA3, we found difficulty choosing the most appropriate PCA3 cut-off that is 

useful in predicting PCa aggressiveness. The literature search yielded articles talking about 

PCA3 ability to reduce biopsies; however, at different cut-offs. This agrees with Roobol et al. 

that concludes that PCA3 cannot replace PSA, underlining that it could be used along with other 

assessment tools (100). 

Decipher, for instance, is one test that has potential ability to identify who has a higher risk of 

metastasis and death post RP, thus resolving uncertainties on who will benefit from adjuvant 

therapy. Clinical utility evidence showed that 31% to 53% of post RP treatment 

recommendations were changed, with 16% to 43% of recommendations changing from any to 

no treatment (36, 54, 55). In addition, GC reclassified up to 60% of high-risk patients to low-risk. 
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Similarly, Prolaris was associated with post-operative adverse outcome prediction (42). In 

addition to that, Prolaris showed a change in treatment ranging between 48% and 65%, while 

reclassifying up to 56% of low risk CAPRA patients (42, 45, 47). 

 

Our study has some limitations related to the studies selected in the final step of the systematic 

review. Some studies were not blinded and others had potential biases. However, all of these 

issues were taken into consideration in the quality appraisal score, and this is reflected in the 

final score. Secondly, we didn’t assess grey literature; however, this won’t significantly affect 

our results especially since these tests were recently developed.  

On the other hand, our study has important strengths. Many articles in the systematic review 

were clinical utility studies designed primarily to evaluate the new interventions of prostate 

cancer. And after organizing a protocol, we were able to assess the articles by two interpreters 

at each step, thus assuring our results. Most articles included in our review were of good and 

excellent quality, thus yielding important evidence on the new interventions that could be 

employed in PCa management. 

 

5.  CONCLUSION 

This study provides an overview of clinical utility evidence on many interventions that could 

have significant potential to impact personalized treatment decisions and to improve clinical 

outcomes and quality of life of men with prostate cancer, if adopted in clinical practice. Yet, 

their cost-effectiveness should be proved before public access to these interventions. This 

review suggests that the use of these tests in clinical practice could help achieve personalized 
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treatment of PCa by adding meaningful new information for better risk assessment and disease 

prognostication. Further clinical utility and economic evaluation studies are warranted to 

provide further guidance. 

Acknowledgments: Dr. Dragomir obtained salary support from the Coté-Sharp Family 

Foundation at the McGill University Health Center. Since June 2016, she is a Fonds de 

Recherche du Québec - Santé (FRQS) Junior 1 Research Scholar. This study was funded by 

Prostate Cancer Canada – Discovery Grant 2015 

Conflicts of interest: 

There is no conflict of interest. 

References 

1. Torre LA, Siegel RL, Ward EM, Jemal A. Global Cancer Incidence and Mortality Rates and Trends--An 
Update. Cancer Epidemiol Biomarkers Prev. 2016;25(1):16-27. 
2. Statistics CCSsACoC. Canadian Cancer Statistics 2016. Toronto (ON): 2016 0835-2976. 
3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin. 2015;65(1):5-29. 
4. Sanyal C, Aprikian AG, Cury FL, Chevalier S, Dragomir A. Management of localized and advanced prostate 
cancer in Canada: A lifetime cost and quality-adjusted life-year analysis. Cancer. 2016;122(7):1085-96. 
5. Johansson J, Andrén O, Andersson S, et al. Natural history of early, localized prostate cancer. JAMA. 
2004;291(22):2713-9. 
6. Heidenreich A, Bellmunt J, Bolla M, Joniau S, Mason M, Matveev V, et al. EAU guidelines on prostate 
cancer. Part 1: screening, diagnosis, and treatment of clinically localised disease. Eur Urol. 2011;59(1):61-71. 
7. Izawa JI, Klotz L, Siemens DR, Kassouf W, So A, Jordan J, et al. Prostate cancer screening: Canadian 
guidelines 2011. Can Urol Assoc J. 2011;5(4):235-40. 
8. Welch HG, Albertsen PC. Prostate cancer diagnosis and treatment after the introduction of prostate-
specific antigen screening: 1986-2005. J Natl Cancer Inst. 2009;101(19):1325-9. 
9. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin. 2014;64(1):9-29. 
10. Hugosson J, Carlsson S, Aus G, Bergdahl S, Khatami A, Lodding P, et al. Mortality results from the Goteborg 
randomised population-based prostate-cancer screening trial. Lancet Oncol. 2010;11(8):725-32. 
11. Schroder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al. Screening and prostate-cancer 
mortality in a randomized European study. The New England journal of medicine. 2009;360(13):1320-8. 
12. Klein EA, Cooperberg MR, Magi-Galluzzi C, Simko JP, Falzarano SM, Maddala T, et al. A 17-gene assay to 
predict prostate cancer aggressiveness in the context of Gleason grade heterogeneity, tumor multifocality, and 
biopsy undersampling. Eur Urol. 2014;66(3):550-60. 
13. Epstein JI, Feng Z, Trock BJ, Pierorazio PM. Upgrading and downgrading of prostate cancer from biopsy to 
radical prostatectomy: incidence and predictive factors using the modified Gleason grading system and factoring in 
tertiary grades. Eur Urol. 2012;61(5):1019-24. 
14. Pinthus JH, Witkos M, Fleshner NE, Sweet J, Evans A, Jewett MA, et al. Prostate cancers scored as Gleason 
6 on prostate biopsy are frequently Gleason 7 tumors at radical prostatectomy: implication on outcome. J Urol. 
2006;176(3):979-84; discussion 84. 



64 
 
 

15. Porten SP, Whitson JM, Cowan JE, Cooperberg MR, Shinohara K, Perez N, et al. Changes in prostate cancer 
grade on serial biopsy in men undergoing active surveillance. J Clin Oncol. 2011;29(20):2795-800. 
16. Dall'Era MA, Albertsen PC, Bangma C, Carroll PR, Carter HB, Cooperberg MR, et al. Active surveillance for 
prostate cancer: a systematic review of the literature. Eur Urol. 2012;62(6):976-83. 
17. Carlsson S, Maschino A, Schroder F, Bangma C, Steyerberg EW, van der Kwast T, et al. Predictive value of 
four kallikrein markers for pathologically insignificant compared with aggressive prostate cancer in radical 
prostatectomy specimens: results from the European Randomized Study of Screening for Prostate Cancer section 
Rotterdam. Eur Urol. 2013;64(5):693-9. 
18. Vickers AJ, Cronin AM, Roobol MJ, Savage CJ, Peltola M, Pettersson K, et al. A four-kallikrein panel predicts 
prostate cancer in men with recent screening: data from the European Randomized Study of Screening for Prostate 
Cancer, Rotterdam. Clin Cancer Res. 2010;16(12):3232-9. 
19. Lazzeri M, Haese A, de la Taille A, Palou Redorta J, McNicholas T, Lughezzani G, et al. Serum isoform [-
2]proPSA derivatives significantly improve prediction of prostate cancer at initial biopsy in a total PSA range of 2-10 
ng/ml: a multicentric European study. Eur Urol. 2013;63(6):986-94. 
20. de la Calle C, Patil D, Wei JT, Scherr DS, Sokoll L, Chan DW, et al. Multicenter Evaluation of the Prostate 
Health Index (PHI) for Detection of Aggressive Prostate Cancer in Biopsy-Naive Men. J Urol. 2015. 
21. McDunn JE, Li Z, Adam KP, Neri BP, Wolfert RL, Milburn MV, et al. Metabolomic signatures of aggressive 
prostate cancer. Prostate. 2013;73(14):1547-60. 
22. Pokorny MR, de Rooij M, Duncan E, Schroder FH, Parkinson R, Barentsz JO, et al. Prospective study of 
diagnostic accuracy comparing prostate cancer detection by transrectal ultrasound-guided biopsy versus magnetic 
resonance (MR) imaging with subsequent MR-guided biopsy in men without previous prostate biopsies. Eur Urol. 
2014;66(1):22-9. 
23. Falzarano SM, Ferro M, Bollito E, Klein EA, Carrieri G, Magi-Galluzzi C. Novel biomarkers and genomic tests 
in prostate cancer: a critical analysis. Minerva Urol Nefrol. 2015;67(3):211-31. 
24. Blume-Jensen P, Berman D, Rimm DL, Shipitsin M, Putzi M, Nifong TP, et al. Development and Clinical 
Validation of an in situ Biopsy Based Multi-Marker Assay for Risk Stratification in Prostate Cancer. Clin Cancer Res. 
2015. 
25. Cooperberg MR, Simko JP, Cowan JE, Reid JE, Djalilvand A, Bhatnagar S, et al. Validation of a cell-cycle 
progression gene panel to improve risk stratification in a contemporary prostatectomy cohort. J Clin Oncol. 
2013;31(11):1428-34. 
26. Bishoff JT, Freedland SJ, Gerber L, Tennstedt P, Reid J, Welbourn W, et al. Prognostic utility of the cell 
cycle progression score generated from biopsy in men treated with prostatectomy. J Urol. 2014;192(2):409-14. 
27. Freedland SJ, Gerber L, Reid J, Welbourn W, Tikishvili E, Park J, et al. Prognostic utility of cell cycle 
progression score in men with prostate cancer after primary external beam radiation therapy. Int J Radiat Oncol 
Biol Phys. 2013;86(5):848-53. 
28. Morais CL, Han JS, Gordetsky J, Nagar MS, Anderson AE, Lee S, et al. Utility of PTEN and ERG 
immunostaining for distinguishing high-grade PIN from intraductal carcinoma of the prostate on needle biopsy. Am 
J Surg Pathol. 2015;39(2):169-78. 
29. Klein EA, Haddad Z, Yousefi K, Lam LL, Wang Q, Choeurng V, et al. Decipher Genomic Classifier Measured 
on Prostate Biopsy Predicts Metastasis Risk. Urology. 2016;90:148-52. 
30. Partin AW, Van Neste L, Klein EA, Marks LS, Gee JR, Troyer DA, et al. Clinical validation of an epigenetic 
assay to predict negative histopathological results in repeat prostate biopsies. J Urol. 2014;192(4):1081-7. 
31. Stewart GD, Van Neste L, Delvenne P, Delree P, Delga A, McNeill SA, et al. Clinical utility of an epigenetic 
assay to detect occult prostate cancer in histopathologically negative biopsies: results of the MATLOC study. J Urol. 
2013;189(3):1110-6. 
32. Wojno KJ, Costa FJ, Cornell RJ, Small JD, Pasin E, Van Criekinge W, et al. Reduced Rate of Repeated 
Prostate Biopsies Observed in ConfirmMDx Clinical Utility Field Study. American health & drug benefits. 
2014;7(3):129-34. 
33. Robinson K, Creed J, Reguly B, Powell C, Wittock R, Klein D, et al. Accurate prediction of repeat prostate 
biopsy outcomes by a mitochondrial DNA deletion assay. Prostate Cancer Prostatic Dis. 2010;13(2):126-31. 
34. Konety B, Zappala SM, Parekh DJ, Osterhout D, Schock J, Chudler RM, et al. The 4Kscore Test Reduces 
Prostate Biopsy Rates in Community and Academic Urology Practices. Rev. 2015;17(4):231-40. 



65 
 
 

35. Hirama H, Sugimoto M, Ito K, Shiraishi T, Kakehi Y. The impact of baseline [-2]proPSA-related indices on 
the prediction of pathological reclassification at 1 year during active surveillance for low-risk prostate cancer: the 
Japanese multicenter study cohort. J Cancer Res Clin Oncol. 2014;140(2):257-63. 
36. Badani K, Thompson DJ, Buerki C, Davicioni E, Garrison J, Ghadessi M, et al. Impact of a genomic classifier 
of metastatic risk on postoperative treatment recommendations for prostate cancer patients: a report from the 
DECIDE study group. Oncotarget. 2013;4(4):600-9. 
37. Erho N, Crisan A, Vergara IA, Mitra AP, Ghadessi M, Buerki C, et al. Discovery and validation of a prostate 
cancer genomic classifier that predicts early metastasis following radical prostatectomy. PLoS ONE. 
2013;8(6):e66855. 
38. Karnes RJ, Bergstralh EJ, Davicioni E, Ghadessi M, Buerki C, Mitra AP, et al. Validation of a genomic 
classifier that predicts metastasis following radical prostatectomy in an at risk patient population. J Urol. 
2013;190(6):2047-53. 
39. Moul JW, Lilja H, Semmes OJ, Lance RS, Vessella RL, Fleisher M, et al. NADiA ProsVue prostate-specific 
antigen slope is an independent prognostic marker for identifying men at reduced risk of clinical recurrence of 
prostate cancer after radical prostatectomy. Urology. 2012;80(6):1319-25. 
40. Moul JW, Sarno MJ, McDermed JE, Triebell MT, Reynolds MA. NADiA ProsVue prostate-specific antigen 
slope, CAPRA-S, and prostate cancer--specific survival after radical prostatectomy. Urology. 2014;84(6):1427-32. 
41. Moul JW, Chen DY, Trabulsi EJ, Warlick CA, Ruckle HC, Porter JR, et al. Impact of NADiA ProsVue PSA slope 
on secondary treatment decisions after radical prostatectomy. Prostate Cancer Prostatic Dis. 2014;17(3):280-5. 
42. Cooperberg MR, Simko JP, Cowan JE, Reid JE, Djalilvand A, Bhatnagar S, et al. Validation of a cell-cycle 
progression gene panel to improve risk stratification in a contemporary prostatectomy cohort. J Clin Oncol. 
2013;31(11):1428-34. 
43. Sommariva S, Tarricone R, Lazzeri M, Ricciardi W, Montorsi F. Prognostic Value of the Cell Cycle 
Progression Score in Patients with Prostate Cancer: A Systematic Review and Meta-analysis. Eur Urol. 
2016;69(1):107-15. 
44. Rector TS, Taylor BC, Wilt TJ. AHRQ Methods for Effective Health Care. Systematic Review of Prognostic 
Tests. In: Chang SM, Matchar DB, Smetana GW, Umscheid CA, editors. Methods Guide for Medical Test Reviews. 
Rockville (MD): Agency for Healthcare Research and Quality (US); 2012. 
45. Crawford ED, Scholz MC, Kar AJ, Fegan JE, Haregewoin A, Kaldate RR, et al. Cell cycle progression score 
and treatment decisions in prostate cancer: results from an ongoing registry. Curr Med Res Opin. 2014;30(6):1025-
31. 
46. Shore N, Concepcion R, Saltzstein D, Lucia MS, van Breda A, Welbourn W, et al. Clinical utility of a biopsy-
based cell cycle gene expression assay in localized prostate cancer. Curr Med Res Opin. 2014;30(4):547-53. 
47. Shore ND, Kella N, Moran B, Boczko J, Bianco FJ, Crawford ED, et al. Impact of the Cell Cycle Progression 
Test on Physician and Patient Treatment Selection for Localized Prostate Cancer. J Urol. 2016;195(3):612-8. 
48. Oderda M, Cozzi G, Daniele L, Sapino A, Munegato S, Renne G, et al. Cell-cycle Progression-Score Might 
Improve the Current Risk Assessment in Newly Diagnosed Prostate Cancer Patients. Urology. 2016. 
49. Albala D, Kemeter MJ, Febbo PG, Lu R, John V, Stoy D, et al. Health Economic Impact and Prospective 
Clinical Utility of Oncotype DX Genomic Prostate Score. Rev. 2016;18(3):123-32. 
50. Dall'Era MA, Maddala T, Polychronopoulos L, Gallagher JR, Febbo PG, Denes BS. Utility of the Oncotype 
DX<sup></sup> Prostate Cancer Assay in Clinical Practice for Treatment Selection in Men Newly Diagnosed with 
Prostate Cancer: A Retrospective Chart Review Analysis. Urology Practice. 2015;2(6):343-8. 
51. Crawford ED, Rove KO, Trabulsi EJ, Qian J, Drewnowska KP, Kaminetsky JC, et al. Diagnostic performance 
of PCA3 to detect prostate cancer in men with increased prostate specific antigen: a prospective study of 1,962 
cases. J Urol. 2012;188(5):1726-31. 
52. Gittelman MC, Hertzman B, Bailen J, Williams T, Koziol I, Henderson RJ, et al. PCA3 molecular urine test as 
a predictor of repeat prostate biopsy outcome in men with previous negative biopsies: a prospective multicenter 
clinical study. J Urol. 2013;190(1):64-9. 
53. Wojno KJ, Costa FJ, Cornell RJ, Small JD, Pasin E, Van Criekinge W, et al. Reduced Rate of Repeated 
Prostate Biopsies Observed in ConfirmMDx Clinical Utility Field Study. American Health & Drug Benefits. 
2014;7(3):129-34. 
 



66 
 
 

54. Badani KK, Thompson DJ, Brown G, Holmes D, Kella N, Albala D, et al. Effect of a genomic classifier test on 
clinical practice decisions for patients with high-risk prostate cancer after surgery. BJU Int. 2015;115(3):419-29. 
55. Michalopoulos SN, Kella N, Payne R, Yohannes P, Singh A, Hettinger C, et al. Influence of a genomic 
classifier on post-operative treatment decisions in high-risk prostate cancer patients: results from the PRO-ACT 
study. Curr Med Res Opin. 2014;30(8):1547-56. 
56. Nguyen PL, Shin H, Yousefi K, Thompson DJ, Hornberger J, Hyatt AS, et al. Impact of a Genomic Classifier 
of Metastatic Risk on Postprostatectomy Treatment Recommendations by Radiation Oncologists and Urologists. 
Urology. 2015;86(1):35-40. 
57. Moul JW, Chen DY, Trabulsi EJ, Warlick CA, Ruckle HC, Porter JR, et al. Impact of NADiA ProsVue PSA slope 
on secondary treatment decisions after radical prostatectomy. Prostate Cancer Prostatic Dis. 2014;17(3):280-5. 
58. Benchikh A, Savage C, Cronin A, Salama G, Villers A, Lilja H, et al. A panel of kallikrein markers can predict 
outcome of prostate biopsy following clinical work-up: an independent validation study from the European 
Randomized Study of Prostate Cancer screening, France. BMC Cancer. 2010;10:7. 
59. Braun K, Sjoberg DD, Vickers AJ, Lilja H, Bjartell AS. A Four-kallikrein Panel Predicts High-grade Cancer on 
Biopsy: Independent Validation in a Community Cohort. Eur Urol. 2016;69(3):505-11. 
60. Carlsson S, Maschino A, Schroder F, Bangma C, Steyerberg EW, van der Kwast T, et al. Predictive value of 
four kallikrein markers for pathologically insignificant compared with aggressive prostate cancer in radical 
prostatectomy specimens: results from the European Randomized Study of Screening for Prostate Cancer section 
Rotterdam. Eur Urol. 2013;64(5):693-9. 
61. Gupta A, Roobol MJ, Savage CJ, Peltola M, Pettersson K, Scardino PT, et al. A four-kallikrein panel for the 
prediction of repeat prostate biopsy: data from the European Randomized Study of Prostate Cancer screening in 
Rotterdam, Netherlands. Br J Cancer. 2010;103(5):708-14. 
62. Lin DW, Newcomb LF, Brown MD, Sjoberg DD, Dong Y, Brooks JD, et al. Evaluating the Four Kallikrein 
Panel of the 4Kscore for Prediction of High-grade Prostate Cancer in Men in the Canary Prostate Active Surveillance 
Study. Eur Urol. 2016. 
63. Vickers A, Cronin A, Roobol M, Savage C, Peltola M, Pettersson K, et al. Reducing unnecessary biopsy 
during prostate cancer screening using a four-kallikrein panel: an independent replication. J Clin Oncol. 
2010;28(15):2493-8. 
64. Vickers AJ, Cronin AM, Aus G, Pihl CG, Becker C, Pettersson K, et al. A panel of kallikrein markers can 
reduce unnecessary biopsy for prostate cancer: data from the European Randomized Study of Prostate Cancer 
Screening in Goteborg, Sweden. BMC Med. 2008;6:19. 
65. Vickers AJ, Cronin AM, Aus G, Pihl CG, Becker C, Pettersson K, et al. Impact of recent screening on 
predicting the outcome of prostate cancer biopsy in men with elevated prostate-specific antigen: data from the 
European Randomized Study of Prostate Cancer Screening in Gothenburg, Sweden. Cancer. 2010;116(11):2612-20. 
66. Vickers AJ, Cronin AM, Roobol MJ, Savage CJ, Peltola M, Pettersson K, et al. A four-kallikrein panel predicts 
prostate cancer in men with recent screening: data from the European Randomized Study of Screening for Prostate 
Cancer, Rotterdam. Clin Cancer Res. 2010;16(12):3232-9. 
67. Filella X, Foj L, Auge JM, Molina R, Alcover J. Clinical utility of %p2PSA and prostate health index in the 
detection of prostate cancer. Clin Chem Lab Med. 2014;52(9):1347-55. 
68. Foley RW, Gorman L, Sharifi N, Murphy K, Moore H, Tuzova AV, et al. Improving multivariable prostate 
cancer risk assessment using the Prostate Health Index. BJU Int. 2016;117(3):409-17. 
69. Gnanapragasam VJ, Burling K, George A, Stearn S, Warren A, Barrett T, et al. The Prostate Health Index 
adds predictive value to multi-parametric MRI in detecting significant prostate cancers in a repeat biopsy 
population. Sci Rep. 2016;6:35364. 
70. Lazzeri M, Haese A, Abrate A, de la Taille A, Redorta JP, McNicholas T, et al. Clinical performance of serum 
prostate-specific antigen isoform [-2]proPSA (p2PSA) and its derivatives, %p2PSA and the prostate health index 
(PHI), in men with a family history of prostate cancer: results from a multicentre European study, the PROMEtheuS 
project. BJU Int. 2013;112(3):313-21. 
71. Lazzeri M, Haese A, de la Taille A, Palou Redorta J, McNicholas T, Lughezzani G, et al. Serum isoform [-
2]proPSA derivatives significantly improve prediction of prostate cancer at initial biopsy in a total PSA range of 2-10 
ng/ml: a multicentric European study. Eur Urol. 2013;63(6):986-94. 



67 
 
 

72. Ng CF, Chiu PK, Lam NY, Lam HC, Lee KW, Hou SS. The Prostate Health Index in predicting initial prostate 
biopsy outcomes in Asian men with prostate-specific antigen levels of 4-10 ng/mL. Int Urol Nephrol. 
2014;46(4):711-7. 
73. Cuzick J, Stone S, Fisher G, Yang ZH, North BV, Berney DM, et al. Validation of an RNA cell cycle 
progression score for predicting death from prostate cancer in a conservatively managed needle biopsy cohort. Br J 
Cancer. 2015;113(3):382-9. 
74. Blume-Jensen P, Berman DM, Rimm DL, Shipitsin M, Putzi M, Nifong TP, et al. Development and clinical 
validation of an in situ biopsy-based multimarker assay for risk stratification in prostate cancer. Clin Cancer Res. 
2015;21(11):2591-600. 
75. de la Taille A, Irani J, Graefen M, Chun F, de Reijke T, Kil P, et al. Clinical evaluation of the PCA3 assay in 
guiding initial biopsy decisions. J Urol. 2011;185(6):2119-25. 
76. Haese A, de la Taille A, van Poppel H, Marberger M, Stenzl A, Mulders PF, et al. Clinical utility of the PCA3 
urine assay in European men scheduled for repeat biopsy. Eur Urol. 2008;54(5):1081-8. 
77. Malavaud B, Cussenot O, Mottet N, Rozet F, Ruffion A, Smets L, et al. Impact of adoption of a decision 
algorithm including PCA3 for repeat biopsy on the costs for prostate cancer diagnosis in France. J Med Econ. 
2013;16(3):358-63. 
78. Tombal B, Andriole GL, de la Taille A, Gontero P, Haese A, Remzi M, et al. Clinical judgment versus 
biomarker prostate cancer gene 3: which is best when determining the need for repeat prostate biopsy? Urology. 
2013;81(5):998-1004. 
79. Cooperberg MR, Davicioni E, Crisan A, Jenkins RB, Ghadessi M, Karnes RJ. Combined value of validated 
clinical and genomic risk stratification tools for predicting prostate cancer mortality in a high-risk prostatectomy 
cohort. Eur Urol. 2015;67(2):326-33. 
80. Den RB, Santiago-Jimenez M, Alter J, Schliekelman M, Wagner JR, Renzulli JF, et al. Decipher correlation 
patterns post prostatectomy: Initial experience from 2 342 prospective patients. Prostate Cancer and Prostatic 
Diseases. 2016;19(4):374-9. 
81. Ross AE, Johnson MH, Yousefi K, Davicioni E, Netto GJ, Marchionni L, et al. Tissue-based Genomics 
Augments Post-prostatectomy Risk Stratification in a Natural History Cohort of Intermediate- and High-Risk Men. 
Eur Urol. 2016;69(1):157-65. 
82. Chamie K, Sonn GA, Finley DS, Tan N, Margolis DJA, Raman SS, et al. The Role of Magnetic Resonance 
Imaging in Delineating Clinically Significant Prostate Cancer. Urology. 2014;83(2):369-75. 
83. Grenabo Bergdahl A, Wilderang U, Aus G, Carlsson S, Damber JE, Franlund M, et al. Role of Magnetic 
Resonance Imaging in Prostate Cancer Screening: A Pilot Study Within the Goteborg Randomised Screening Trial. 
Eur Urol. 2016;70(4):566-73. 
84. Porpiglia F, Cantiello F, De Luca S, Manfredi M, Veltri A, Russo F, et al. In-parallel comparative evaluation 
between multiparametric magnetic resonance imaging, prostate cancer antigen 3 and the prostate health index in 
predicting pathologically confirmed significant prostate cancer in men eligible for active surveillance. BJU Int. 
2016;118(4):527-34. 
85. Vilanova JC, Comet J, Capdevila A, Barcelo J, Dolz JL, Huguet M, et al. The value of endorectal MR imaging 
to predict positive biopsies in clinically intermediate-risk prostate cancer patients. Eur Radiol. 2001;11(2):229-35. 
86. Stattin P, Vickers AJ, Sjoberg DD, Johansson R, Granfors T, Johansson M, et al. Improving the Specificity of 
Screening for Lethal Prostate Cancer Using Prostate-specific Antigen and a Panel of Kallikrein Markers: A Nested 
Case-Control Study. Eur Urol. 2015;68(2):207-13. 
87. Puech P, Potiron E, Lemaitre L, Leroy X, Haber GP, Crouzet S, et al. Dynamic contrast-enhanced-magnetic 
resonance imaging evaluation of intraprostatic prostate cancer: correlation with radical prostatectomy specimens. 
Urology. 2009;74(5):1094-9. 
88. Stephenson SK, Chang EK, Marks LS. Screening and detection advances in magnetic resonance image-
guided prostate biopsy. Urol Clin North Am. 2014;41(2):315-26. 
89. Fradet V, Kurhanewicz J, Cowan JE, Karl A, Coakley FV, Shinohara K, et al. Prostate cancer managed with 
active surveillance: role of anatomic MR imaging and MR spectroscopic imaging. Radiology. 2010;256(1):176-83. 
90. Ouzzane A, Puech P, Villers A. MRI and surveillance. Curr Opin Urol. 2012;22(3):231-6. 
91. Fascelli M, George AK, Frye T, Turkbey B, Choyke PL, Pinto PA. The role of MRI in active surveillance for 
prostate cancer. Current Urology Reports. 2015;16(6):42. 



68 
 
 

92. Van Neste L, Herman JG, Otto G, Bigley JW, Epstein JI, Van Criekinge W. The epigenetic promise for 
prostate cancer diagnosis. Prostate. 2012;72(11):1248-61. 
93. Cuzick J, Swanson GP, Fisher G, Brothman AR, Berney DM, Reid JE, et al. Prognostic value of an RNA 
expression signature derived from cell cycle proliferation genes in patients with prostate cancer: a retrospective 
study. Lancet Oncol. 2011;12(3):245-55. 
94. Shipitsin M, Small C, Choudhury S, Giladi E, Friedlander S, Nardone J, et al. Identification of proteomic 
biomarkers predicting prostate cancer aggressiveness and lethality despite biopsy-sampling error. Br J Cancer. 
2014;111(6):1201-12. 
95. Freedland SJ, Choeurng V, Howard L, De Hoedt A, du Plessis M, Yousefi K, et al. Utilization of a Genomic 
Classifier for Prediction of Metastasis Following Salvage Radiation Therapy after Radical Prostatectomy. Eur Urol. 
2016;70(4):588-96. 
96. Sarno MJ, Davis CS. Robustness of ProsVue linear slope for prognostic identification of patients at reduced 
risk for prostate cancer recurrence: Simulation studies on effects of analytical imprecision and sampling time 
variation. Clin Biochem. 2012;45(16-17):1479-84. 
97. Evaluation of Genomic Applications in P, Prevention Working G. Recommendations from the EGAPP 
Working Group: does PCA3 testing for the diagnosis and management of prostate cancer improve patient health 
outcomes? Genet Med. 2014;16(4):338-46. 
98. Catalona WJ, Partin AW, Sanda MG, Wei JT, Klee GG, Bangma CH, et al. A multicenter study of [-2]pro-
prostate specific antigen combined with prostate specific antigen and free prostate specific antigen for prostate 
cancer detection in the 2.0 to 10.0 ng/ml prostate specific antigen range.[Erratum appears in J Urol. 2011 
Jul;186(1):354]. J Urol. 2011;185(5):1650-5. 
99. Lazzeri M, Briganti A, Scattoni V, Lughezzani G, Larcher A, Gadda GM, et al. Serum index test %[-2]proPSA 
and Prostate Health Index are more accurate than prostate specific antigen and %fPSA in predicting a positive 
repeat prostate biopsy. J Urol. 2012;188(4):1137-43. 
100. Roobol MJ. Contemporary role of prostate cancer gene 3 in the management of prostate cancer. Curr 
Opin Urol. 2011;21(3):225-9. 
 
 

Table 1: Inclusion and exclusion criteria for studies eligibility 

Inclusion Criteria Exclusion Criteria 

  

• Any article related to PCa 
treatment, screening, diagnosis 

• Conference abstracts 

• Any article related to test of 
interest  

• Unrelated and Untraceable articles 

• Any article with clinical utility 
evidence 

• Animal or in vitro studies 

 • Commentaries, Letters, and editorials 

 • Review papers and case reports 

 • Articles with no clinical utility evidence (not including our 
outcomes of interest) 

 • Studies in languages other than English and French 
 

 

Table 2: Summary on the interventions 

Intervention Type of 
intervention/   
markers 

About the intervention Indication Group 
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measured 

Prostate Health 
Index (PHI) 
Beckman 
Coulter 

Blood based 
immunoassay 
 
PSA, freePSA, 
p2PSA 
PHI score= 
(p2PSA/fPSA) 
×√tPSA 

-The phi score is a continuous measure.  
-Categorizes patients into: 
 0–20.9 (low risk); 21–39.9 (moderate risk); 
and >=40 (high risk). 
- Estimates of the risk of cancer being 
detected at biopsy are:  8.7% for men with a 
phi score in the low-risk category, 20.6% for 
men in the moderate-risk category and 
43.8% for men in the high-risk category. 
 

-used if PSA between 2-10ng/ 
ml (4-10ng/ml FDA)  + negative 
DRE+ age more or = to 50 (FDA 
approved for this indication) 
-After a negative biopsy and 
continuous suspicion 
-Not for  patients receiving 5-α-
reductase inhibitors medication 

1 /3 

4Kscore 
Prostate Cancer 
Test  
OPKO Health, 
Inc. 

Blood based 
immunoassay 
 
4 kallikrein 
markers: Total 
PSA , free PSA, 
intact PSA, hK2  
 
 

-4Kscore>7.5%  predicted probabilities of 
2.5, 5.6, 9.9,16.4% of distant metastasis in 
5, 10, 15, 20 years respectively. 
-4Kscore< or =7.5%  predicted 
probabilities of 0, 0.2, 1, 1.8% of distant 
metastasis in 5, 10, 15, 20 years 
respectively. 
- Gives probability of finding high grade PCa 
(GS > =7) on biopsy   

 -Men with an abnormal PSA or 
DRE or clinical  suspicion 
-Patients who have had a prior 
negative biopsy and want to do 
repeat biopsy 
- Not to patients who received 
5-α-reductase inhibitors 
medication in past 6 months 
 

1/3 

Prostarix 
Metabolon Inc. 

Urine based 
  
4 metabolites: 
sarcosine 
alanine glycine 
glutamate  

 -Prostarix-PLUS Risk Score: Prostarix + PSA 
+ TRUS-determined prostate volume  
 
-Score (1-100) = predicted likelihood of 
having  5 year recurrence 

-Men with an abnormal PSA or 
DRE or clinical  suspicion 
 
-No validation studies 

1 

MRI 
 

Magnetic 
resonance 
imaging 
  
(imaging of 
lesions) 

-To decide who to biopsy, re-biopsy , treat 
- Identify men with insignificant disease and 
are ideal for AS 
-Early detection of PCa 
-Patients diagnosed with cancer who 
need treatment , adjuvant , dose (PCa 
staging) 
-Improving accuracy of biopsies 
 

-Men with no previous biopsy, 
with a previous negative biopsy, 
after positive biopsy 

1/ 2/3 

OncotypeDX 
Genomic Health 

Tissue based 
genomic test 
 
17 genes (12 
cancer- related 
+5 reference 
genes)  

-Genomic Prostate Score (GPS) from 0 to 
100 providing a likelihood of favorable 
pathology. 
 
-Can be used on cancer as small as 1 mm 
 
 

- Very Low, Low &  
Intermediate Risk  PCa patients 
 

2 

Prolaris 
Myriad Genetics 

Tissue based 
genomic test 
 
46 genes (31 
CCP + 15 
housekeeping 
genes)  

- Estimates 10 year PCa specific mortality 
risk and BCR 
 
- Stratifies patients according to 
aggressiveness 

-On biopsy: In low/very low  
candidates of AS  
- Post RP: Patients that may 
benefit from aggressive 
intervention /at high risk of 
recurrence 
-FDA approved 
 

2/4 

ProMark 
Metamark 

Tissue based 
proteomic test 

-Predicts probability of adverse pathology at 
RP based on biopsy 

-Biopsy tissue based prognostic 
assay for patients with biopsy 

2/4 

https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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Genetics 
 
 

 
8proteins  

-High score independently predict 
unfavorable pathology at RP 
-Predict BCR in patients after RP 
-Score bet 0 and 1 

Gleason Scores 3+3 and 3+4  
-In patients with low, low -
intermediate risk  
  

Mi-Prostate 
Score (MiPS)  
MLabs 
 
 

Urine based 
biomarker 
Post DRE first 
urine catch 
 
PSA,PCA3, 
TMPRSS2:ERG 
mRNAs 
 
  

-According to levels of TMPRSS2:ERG and 
PCA3 in their urine: patients classified to 
low, intermediate and high levels, or 
scores Cancer was diagnosed in each of 
the groups respectively: 21%, 43%, and 
69%. 
-Probability of cancer based on biopsy 
 

-high specificity in detecting 
high grade ( gleason >6) in low 
risk patients  

2 

ProstaVysion  
Botswick 
Laboratories 

Tissue based 
genomic test 
 
ERG gene 
fusion/transloca
tion and the 
loss of the PTEN 
tumor 
suppressor gene 
 
 

- Predicts PCa related death in low risk 
patients/ future metastasis after RP 
-PTEN loss linked with higher risk of BCR 
-ERG associated with more aggressive 
phenotype 
 

-No validation studies 
 
 

2 

ConfirmMDx 
MDx Health  
 

Biopsy tissue 
based genomic  
test 
 
Monitors the 
methylation 
states of APC, 
GSTP1 
and RASSF1 
genes  

-Negative result: avoid repeat biopsy and 
monitor with routine screening 
 
-Positive: suspicious areas marked as 
positive providing repeat biopsy guidance 
on prostate map  

- Prior negative or high-grade 
prostatic intraepithelial 
neoplasia (HGPIN) biopsy result  
(12-core biopsy within 24 
months) 
 
  

3 

Progensa PCA3 
Assay 
Gene-Probe Inc 
 

urine-based 
biomarker assay 
: Post DRE first 
urine catch 
 
PSA+ PCA3 
mRNAs 

-The PCA3 is a ratio of the PCA3 mRNA 
copies/ml to PSA mRNA copies/ml 
multiplied by 1000 
-Predicts the likelihood of positive biopsy  
-Recommended threshold score : 25, with 
values 25 and higher suggesting the 
presence of cancer  

-Patients 50 or older with a 
negative diagnosis of prostate 
cancer on analysis of the biopsy 
sample (one or more previous  
biopsies)  and elevated serum 
PSA+ and a repeat biopsy is 
recommended (FDA approved) 
-Not for patients who are taking 
medications known to affect 
serum PSA levels  
 

3 

Prostate core 
mitomic test 
Mitomics 
 

Tissue based 
genomic test 
 
mtDNA 
deletions  
 

-PCMT negative outcome: Patient is 
currently at a low risk of undiagnosed 
prostate cancer.  
-PCMT positive outcome: Patient is at a high 
risk of undiagnosed prostate cancer.  

- Patients who have had a prior 
negative biopsy and  show PSA 
> 4.0 ng/ml, PSADT < 3 months 
PSAV > 0.4 ng/ml/year or 
Irregular DRE, Family history 
African American Life 

3 
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expectancy > 10 years 
- Patients who have had a prior 
indeterminate biopsy (ASAP, 
HGPIN, Atypia) 
 

NaDIA ProsVue 
IRIS 
International 

Blood  based 
 
Calculate PSA 
slope 
 

- PSA < or =2  pg/mL/mo    reduced risk of 
clinical recurrence within 8 years  post RP 

-useful for  intermediate risk 
patients that are candidates to 
adjuvant radiotherapy (ART) 
post RP 

4 

Decipher 
Genome DX 
Biosciences 

Tissue based 
genomic  test 
 
22 coding and 
noncoding RNAs  

-reports probability of metastasis at 5 years 
after surgery and 3 years after PSA 
recurrence 
 
-Decipher high risk (>0.6) men may benefit 
from adjuvant radiation  
-Decipher low risk men (<0.45) can be safely 
observed with PSA monitoring 
 

- Patients with adverse 
pathology post-surgery: pT3 or 
positive surgical margin or 
rising  PSA  
 
-Candidates for radiation 
 
 
 

2/4 

Group1: Screening  (before initial biopsy): Decide who to Biopsy 
Group2: After a positive biopsy: Indolent vs. Aggressive: Who to treat 
Group3: Tests after negative (or indeterminate) biopsy: To decide when to re-biopsy 
Group4:  After an intervention: To decide who needs additional treatment 

Abbreviations: Atypical small acinar proliferation (ASAP), High-grade prostatic intraepithelial neoplasia 
(HGPIN), Prostate-specific antigen(PSA), Digital rectal exam (DRE), Gleason score (GS), Food and drug 
administration (FDA), Transrectal ultrasound (TRUS), Phosphatase and tensin homolog (PTEN), 
biochemical recurrence (BCR), cell cycle progression (CCP), Prostate cancer (PCa), mitochondrial 
(mtDNA), Adenomatous polyposis coli (APC), glutathione S-transferase  (GSTP1) , Ras Association Domain 
Family Member 1 ( RASSF1), ), PSA Doubling time ( PSADT), PSA velocity (PSAV). 

 
 
Table 3: Characteristics of studies on interventions included in the systematic review 

 Study Type of study n Outcomes Results Gr. Score 

4Kscore  
 

Benchikh
, et al. 
2010(58) 

Validation 
study 

269 Reduction in 
biopsy 
number 

Reduction in biopsy= 492 biopsy 
avoided (49.2%) for every 1000 man 
with elevated PSA using of threshold= 
> 20% 
-Miss= 61 advised against biopsy 
(majority low risk-:163/ high risk:12 ) 
 

1 63  

 Carlsson, 
et al. 
2013(60) 

Cohort of men 
from a 
randomized 
trial 

392 Avoided 
overtreatme
nt 

-Overtreatment avoided: in 110 
patients for every 1000 men but delay 
treatment for 26 patients with 
aggressive disease using of threshold= 
> 30% 
 

* 73  

 Vickers, 
et al. 
2010(63)  

Population 
based cohort 

2914 Decrease in 
unnecessary 
biospy 

-Reduction in biopsy=  513 per 1000 
men using of threshold= > 20% 
-Miss= 12/100 high grade  
 

1 82  

 Vickers, 
et al. 

Cohort of men 
from a 

740 Reduction in 
biopsy 

-Reduction in biopsy=  443 /740 (60%) 
using of threshold= > 20% 

1 83  
 

https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwinopTMm5jUAhUr_4MKHah-DncQFggtMAE&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fgene%2F2950&usg=AFQjCNG1gifwcWDAeA4EQhodIcy0JJbRJQ
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2008(64) randomized 
trial 

number -Miss= 31/152 low grade + 3/40 high 
grade 
 

 
 

Vickers, 
et al. 
2010 (65) 
 

Cohort of men 
from a 
randomized 
trial 
 

1241 
 

Reduction in 
biopsy 
number 
 

-Reduction in biopsy=  41% (1000 
patient) using of threshold= > 20% 
-Miss= 60  patient /259 cancer cases 
 

1 80  
 

 Braun et 
al, 
2016(59) 

Randomized  
study 

749 -Reduction 
of Biopsy 

-Reduction in biopsy= 25% avoided 

-delayed treatment = 13 high grade  

cancer 

-Threshold= >8% risk for cancer 

1 62  

 Vickers, 
et al. 
2010 (66) 

Clinical utility  1501 Reduction in 
biopsy 
number 

-Reduction in biopsy= 363/1000 (36%)   

-Missed = 47 patients ( of which 4 high 

grade cancer )  

1 68  

 Lin, et al. 
2010 (62) 

Clinical utility  
study, data 
from trial 

718 -Reduction 
in biopsy 
number 

-Reduction in biopsy= 252 biopsy 

avoided (25.2%)  for every 1000 man 

with elevated PSA using of threshold= 

> 20% 

-Miss= 19 advised against biopsy but 

need it( high grade) 

* 68  

 Konety, 
et al. 
2015 (34) 

Clinical utility 
study (survey) 

611 -Reduction 
in biopsy 
number 
-likelihood 
of biopsy 

-Reduction in biopsy= 64% reduction  
-The higher the score the greater the 
likelihood to do biopsy( p=0.001) 

1/3 64  

 Gupta, et 
al. 2010 
(61) 

Cohort using 
data from trial 

925 Decrease in 
unnecessary 
biospy 

-Reduction in biopsy=  817 per 1000 
(82%) men using of threshold= > 20% 
-Treatment reduction = 135 surgeries 
(14%) per 1000  
-Missed: 67 cancers 
 

3 78.5  

Prostate 
Health 
Index (PHI) 
 

Filella , 
et al. 
2014)(67
) 

Prospective 
and 
Retrospective 
study 

354 Reduction in 
biopsy 
number 

-Reduction in biopsy= 19%  using of 

cut-off 31.94 

 -Miss= 17 of 175 PCa ( 5 gleason> = 7) 

1 64  

 Lazzeri, 
et al. 
2013 (70) 

Clinical 
performance 
study 

158 Reduction in 
biopsy 
number 

-Reduction in biopsy= 16.5%  using of 

cut-off 25.5 

-Miss= 6of 71 cancers would have 

been missed: four with GS 6 (3+3) and 

two with a GS of 7 (3+4). 

1 73  

 Ng, et al. 
2014(72) 

Retrospective 
study 

230 Decrease in 
unnecessary 
biospy 

-Reduction in biopsy= 104/209 

(45.2%)using of cut-off 27.6 

-Missed: 9.5% 

1 89  

 Lazzeri, 
et al. 
2013(71) 

Observational, 

prospective 

cohort study 

646 Reduction in 
biopsy 
number 

-Reduction in biopsy=  15.5% biopsies 
avoided using of cut-off 27.6/52 % 
avoided and 37,1 % missed with cutoff 
41.5 
-Miss= 9.8% 

3 83  
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 Foley, et 
al. 
2015 (68) 

Cohort mainly 
performance 
study 

250 Stratification -PHI model showed best correlation 

between predicted probabilities and 

actual outcome 

(scatter plot) 

1/3 60  

 Gnanapr
agasam, 
et al. 
2016 (69) 

Prospective 
clinical trial 

279 Decrease 
repeat 
biopsy 

-PHI not useful in deciding if mpMRI 
will be positive 
-94 MRI negative images that include 
21 gleason >= 7 if PHI done after 
only miss 1 out 21 
-Reduction in biopsy=31/73 

3 71  

  Hirama, 
et al. 
2013 (35) 

Retrospective 
clinical utility 
study 

67 Likelihood of 
reclassificati
on 

-PHI significantly higher in the 
reclassification group in patients who 
were on AS (p=0.010) 

3 59  

MRI 
Magnetic 
resonance 
imaging 
 

Pokorny, 
et al. 
2014 (22) 

Prospective 
blinded 
diagnostic 
study 

223 -Reduction 
of Biopsy 

-Reduction in biopsy= 51.1%  if 

restricting MRGB to PIRADS 4/5  

-Missed = 15 patients 

intermediate/high on biopsy 

1 65  

 Vilanova, 
et al. 
2016 (85) 

Prospective 
trial 

81 Reduction in 
biopsy 
number 

-Reduction in biopsy= 63%   

-Miss= 30% missed (7 out of 23)  

1 38  

 Grenabo 
Bergdahl, 
et al. 
2016 (83) 

Pilot study 124 Biopsy 
reduction 

-70% decrease in biopsy indication 

when using MRI imaging prior to 

repeat biopsy 

- After compare to repeat biopsy 

23% of those with  PIRADS 3, 75% of 

those with PIRADS 4, 100% of those 

with PIRADS 5 significant cancer 

 

1/3 78.5  
 

 (Chamie, 
2013) 
(82) 

Retrospective, 
observational 
study 

104 Reduction of 
Under-
staging  
Over-staging 

-Epstein’s criteria understaged 12 

men as insignificant Pca  

-MRIunderstagesd 4 vs 12 (when 

matched with pathologic findings) 

(diagnosed +on AS) 

2 78.5  

 (Porpiglia
, 
2016) 
(84) 

Retrospective, 
observational 
study 
performance 

120 Reclassificati
on 

-Reclassification: 47% of cases eligible 

for AS to significant disease 

- PHI with MRI better accuracy but not 

PCA3 

2 89  
 

Progensa 
PCA3 
Assay 

 

Malavau
d et al. 
2013(77) 

Economic 
study 

698 Reduced 
Repeat 
biopsy 

-Reduce repeat biopsy by : 37% = 

estimate if PCA3 used prior to repeat 

biopsy 

3 80 
 

 Tombal 
et al. 
2013 (78) 

Prospective 
study 

1024 Reduced 
Repeat 
biopsy 

-Reduce repeat biopsy by : 63% at cut-

off 25/ 48% at cut-off 20 

3 66  

 Crawford
, et al. 
2012 (51) 

Prospective 
clinical trial 

1913 Reduced 
Repeat 
biopsy 

-Reduce repeat biopsy by : 77.1% at 

cut-off 35 

-But 21.6% missed  

3 68  

https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging


74 
 
 

 de la 
taille, et 
al. 2015 
(75) 

Prospective 
multicenter 
rea life study 

516 Reduced 
biopsy 

-Reduce biopsy by : 60% at cut-off 35/ 

40% at cut-off 20 

-But 11% missed  of gleason = > 7 at 35 

cut-off / 2 % missed at cutoff 20 

 

3 56  

 Haese, et 

al. 2008 

(76) 

Prospective 

multicenter 

study  

463 Reduced 

biopsy 

-Reduce biopsy by : 67% at cut-off 35/ 

44% at cut-off 20 

-But 9% missed  of gleason = > 7 at 20 

cut off/ 21 % missed at cutoff 35 

3 68  

 Gittelma

n,et al. 

(52) 

 

prospective 

multicenter 

clinical study 

466 

 

Reduced 

biopsy 

-Reduce biopsy by 49.51% (231 out of 

466) 

-Missed: 22.5% (23 out of 102) 

3 82 

Confirm 

MDx 

 

Wojno, 

et al.  

2016 (53) 

Clinical utility 

observational 

study 

138 Quantify 

number of 

repeat 

biopsies 

-Repeat biopsies had been performed 

in 6 of the 138 (4.3%) men with a 

negative assay result 

-10-fold reduction in the rate of repeat 

biopsy as compared to the reported 

standard of care 

3 60  

 

Prolaris (Crawfor
d, et al. 
2014) 
(45) 

Observational 
prospective 
study 

305 -% Change in 
treatment 
after CCP 
test results 

-Change in treatment: 64.9%  

-Interventional treatment : a 37.2% 

reduction /23.4% increase 

-Surgeries and radiation: decreased by 

49.5% and 29.6% 

2 62  
 

 (Shore, 

et al. 

2016) 

(47) 

Report on 

prospective 

observational 

1206 Change in 

txt 

recommend

ations pre 

and post 

CCP 

-Change in treatment: 47.8%  

-Interventional treatment : a 72.1% of 

change is reduction /26.9% 

intensification 

2 67  

 

 (Shore, 

et al. 

2014) 

(46) 

Observational 

retrospective 

survey 

294 -Possible 

Change in 

treatment 

after CCP 

test results  

-Possible Change in treatment: 32%  

-Likelihood of change is tested and not 

actual 

2 59  

 (Cuzick, 

et al. 

2015) 

(73) 

Observational 

retrospective 

validation 

study 

585 Reclassificati

on 

-Reclassified: 14% of <3 CAPRA 

higher risk 

/44% of intermediate CAPRA=3 to be 

lower risk 

2 70  
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 (Oderda, 

et al. 

2016) 

(48) 

Observational 

retrospective 

cohort clinical 

utiltiy 

585 Reclassificati

on 

-Reclassified: discordance in risk 

categorization based on pathological 

findings, 7 high risk and 13 

intermediate risk were misclassified 

-CCP had better accuracy vs EAU 

2 37  

 (Cooperb

erg, et al. 

2013) 

(42) 

Prospective 

specimen 

collection, 

retrospective 

design 

413 Reclassificati

on 

-Reclassified: 56% of low risk CAPRA(0-

2) were reclassified by CCP  

-All patients classified as low risk of 

recurrence by CCP <-1 didn’t have 

recurrence  

4 72  

ProMark (Blume-

Jensen, 

et al. 

2014) 

(74) 

Assay 

development 

and validation 

study 

381 

and 

256 

Outcome of 

interest : 

reclassificati

on 

measured as 

NRI 

-Net reclassification Improvement 

(NRI): 0.34 for NCCN (P < 0.00001; 95% 

CI, 0.20–0.48) and 0.24 for D'Amico  (P 

< 0.0001; 95% CI, 0.12–0.35). 

2 80.76 

 

Oncotype 
DX 

 

(Albala 

et al. 

2016) 

(49) 

Prospective 

clinical utility 

study 

180 Change in 

managemen

t patterns + 

costs  

-Interventional treatment : a 21% 

reduction in low and very low NCCN 

-Radiation and RP: decreased by 14% 

and 10% 

-Reclassification: 4.3% of very low 

NCCN and 35.7% of low NCCN into 

intermediate risk 

2 59  

 

 (Dall’era 

et al. 

2015) 

(50) 

Retrospective 

chart review 

211 Change in 

txt 

recommend

ations 

-Interventional treatment : 24% 

reduction to AS 

2 36 

 

Decipher 

 
(Badani, 

2013) 

(36) 

Prospective 

study 

24 change in 

adjuvant 

and salvage 

treatment 

recommend

atio-ns 

-Change in treatment: 43% of 

adjuvant, 53% of salvage 

-Interventional treatment : a 27% 

(adjuvant) /16% (salvage) reduction / 

37% (adjuvant)  and 61% (salvage) 

Intensification  

4 61  

 (Badani, 

2015) 

(54) 

Multicenter  

prospective,d

ecision-impact 

study  

122 -change in 

adjuvant 

treatment 

recommend

ations 

-Reclassified : 51% of patients as 

having low risk 

-Change in treatment: 31% 

-Interventional treatment : 40% 

reduction to observation /20% 

increase 

4 89  

 (Michalo

poulos, 

Prospective 

study  

146 -change in 

clinical 

-Reclassified : 60% of high risk patients 

as low risk 

4 68  
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2014) 

(55) 

treatment 

decision 

post RP  

-effect on 

physicians’ 

uncertainty 

-Change in treatment: 30.8% 

-Interventional treatment : 42.5% 

reduction to observation /17.6% 

increase 

-number of patients on treatment 

before and after stayed same, but 

allocation differed 

 (Nguyen, 

2015) 

(56) 

Multicenter, 

prospective 

study 

11 -Changes in 

adjuvant  

treatment 

recommend

atio-n 

-Change in treatment:  35% and 45 %of 

treatment by radiation oncologists and 

urologists 

-high GC risk  urologists and 

oncologists recommended adjuvant 

treatment 91% or 89% of the time, 

respectively, vs 62% and 79% for those 

same cases before the GC results 

4 43  

 (Cooperb

erg 

2014) 

(79) 

Retrospective 

cohort 

185 reclassificati

on 

-Reclassification: In 82 patients 

stratified to high risk based on CAPRA-

S score > or =6, GC scores were 

likewise high risk for 33 patients, 

among whom 17 had CSM events. GC 

reclassified the remaining 49 men as 

low to intermediate risk; among these 

men, three CSM events were observed 

4 85  

 (Den, et 

al. 

2016) 

(80) 

Prospective 

observational 

study 

2342 reclassificati

on 

-Reclassification: Decipher reclassified 

52%, 76% and 40% of patients in 

CAPRA-S low-, intermediate- and high-

risk groups, respectively 

4 89  

 (Ross, 

2015) 

(81) 

Retrospective 

case-cohort 

260 reclassificati

on 

--Reclassification: Decipher reclassified 

71%, 52% and 19% of patients in 

CAPRA-S low-, intermediate- and high-

risk groups, respectively 

4 76.6  

NaDIA 
ProsVue 

 

(Moul, et 

al. 2013) 

(57) 

Prospective 

multicenter 

clinical trial 

225 Reduction in 

intervention

al treatment 

-Interventional treatment: 63.4% 

reduction of secondary treatment 

recommendation ( adjuvant RT =/- 

ADT) 

4 70.5  

Group (Gr.) 1: Screening (before initial biopsy): Decide who to Biopsy 
Group (Gr.) 2: After a positive biopsy: Indolent vs. Aggressive: Who to treat 
Group (Gr.) 3: Tests after negative (or indeterminate) biopsy: To decide when to re-biopsy 
Group (Gr.) 4:  After an intervention: To decide who needs additional treatment 
Score interpretation: excellent quality, studies scoring >75%; good quality, studies scoring between 50% and 75%; 
and poor quality, studies scoring <50%   
*two studies are done to study the utility of 4Kscore after a prostate cancer diagnosis, but this is not yet approved 
for clinical use. 
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Table 4: Quality of publications for each intervention 

Intervention Excellent Quality 
(above 75%) 
number (articles) 

Good Quality  
(50-75%) 
number (articles) 

Poor Quality 
(below 50%) 
number (articles) 

4Kscore 4 (61,63, 64, 65) 6 (34,58,59,60,62,66)  

PHI 2 ( 72,71) 5 (35,67,68,69,70)  

MRI 3 (82,83,84) 1 (22) 1 (85) 

PCA3 2 (52,77) 4 (51,75,76,78)  

ConfirmMDx  1 (53)  

Prolaris  5 (42,45,46,47,73) 1 (48) 

Oncotype  1 (49) 1 (50) 

Decipher 4 (54,79,80,81) 2 (36,55) 1 (56) 

Nadia ProsVue  1 (57)  

ProMark 1 (74)   

 
 

 
Prostate specific antigen(PSA), prostate cancer (PCa), prostate health index (PHI), 4Kscore (4K), magnetic 
resonance imaging (MRI), phosphatase and tensin homolog/ERG gene (PTEN/ERG), mi-prostate score (MiPs), 
radical treatment (RT), active surveillance (AS), prostate core mitomic test (PCMT), magnetic resonance imaging-
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targeted biopsy (MRTB), transrectal ultrasound-guided biopsy (TRUSGB) ;1) Tests before 1st biopsy; 2) Tests after a 
positive biopsy; 3) Tests after a negative biopsy; 4) Tests after Radical treatment (RT) 
 
Fig. 1: Diagram of interventions grouped according to different stages of PCa 
 

 
Fig. 2: Study flowchart 
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Prostate health index (PHI), 4Kscore (4K), magnetic resonance imaging (MRI), mi-prostate score (MiPs), prostate 
core mitomic test (PCMT). 

Fig. 3: Retrieved articles after full text assessment  
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6. DISCUSSION 
  
 

6.1 Overview 
 
 
Although tools used in current practice lack precision to guide treatment decisions, Gleason 

score, T staging, PSA, and DRE continue to be important in risk stratification, diagnosis, and 

management of PCa patients. Finding and developing new prognostic tests and interventions 

won’t be enough to directly improve treatment decisions. After validating these interventions, 

they should be integrated into clinical practice to provide insight on their benefits and 

applicability. This depends on the ability to access the interventions, which mainly depends on 

their ability to understand intervention’s results and scores, to link all these to patient’s 

outcomes, and their costs. After effective access to an intervention and adoption in real life 

clinical utility can be evaluated, which demonstrates the usefulness of this test, and what value 

does this intervention add to clinical management (204). 

 

Our systematic review was performed to assess clinical utility evidence on available 

interventions, hoping this will influence their utilization to achieve a better personalized 

treatment in prostate cancer management. Choosing the appropriate intervention where it is 

applicable, throughout the states of the disease from screening to treatment, is important to 

reduce the uncertainty related to diagnosis and treatment. Hence we divided all the 

interventions into groups where each intervention could be employed, Table 2. Our findings 

showed that some interventions might have as many as 10 publications that have clinical utility 

evidence such as 4Kscore, whereas others might have none. The quality of the articles also 
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differed between interventions, table 4. The interventions with highest clinical utility evidence 

were 4Kscore, PHI, MRI, PCA3, Prolaris, and Decipher.  

 

4Kscore and PHI are two tests that could be used for screening and after a negative biopsy. 

These tests proved their ability in decreasing unnecessary biopsies ranging between 15% and 

64 % at varying thresholds and cut-offs, while missing some cancers (35, 157, 186, 187). This 

agrees with many publications that correlate PHI to GS (205, 206) and ability of avoiding 

unnecessary biopsies. MRI is an intervention that can accurately identify significant cancer, 

even tumors missed in anterior region (177). Retrieved articles showed clinical utility evidence 

on MRI at different disease stages (207, 208). 

 

PCA3 is able to identify men with higher risk of cancer. This test demonstrated a reduction of 

repeat biopsy up to 77% at cut-off 35 (144). Although we had these findings on PCA3, we found 

difficulty choosing the most appropriate PCA3 cut-off that is useful in predicting PCa 

aggressiveness. The literature search yielded articles talking about PCA3 ability to reduce 

biopsies, however, at different cut-offs. And this agrees with Roobol et al. that concludes that 

PCA3 cannot replace PSA, underlining that it could be used along with other assessment 

tools(209). 

 

Decipher, for instance, is one test that has potential ability to identify who have higher risk of 

metastasis and death post RP, thus resolving uncertainties on who will benefit from adjuvant 

therapy. Clinical utility evidence showed that 31 to 53% of post RP treatment recommendations 
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were changed, with 16% to 43% of recommendations changing from any to no treatment (37, 

199, 210). In addition, GC reclassified up to 60% of high risk patients to low risk. Similarly, 

Prolaris was associated with post-operative adverse outcome prediction (43). In addition to 

that, Prolaris showed a change in treatment ranging between 48% and 65%, while reclassifying 

up to 56% of low risk CAPRA patients (43, 171, 172). 

 

6.2 Study Limitations 
 
 
Our study has some limitations related to the studies selected in the final step of the systematic 

review. First in our study some studies were not blinded and others had potential biases. 

However, all of these issues were taken into consideration in the quality appraisal score. 

Secondly, we didn’t assess grey literature; however, this won’t affect significantly our results 

especially that these tests were recently developed.  

 

On the other hand, our study has important strengths. Many articles in the systematic review 

were clinical utility studies designed primarily to evaluate the new interventions of prostate 

cancer. And after organizing a protocol, we were able to assess the articles by two interpreters 

at each step, thus assuring our results. Most articles included in our review were of good and 

excellent quality, thus yielding important evidence on the new interventions that could be 

employed in PCa management. 
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6.3 Implications of Our Findings and Future Directions 
 
 
As previously mentioned, deciding when and how to treat prostate cancer could be suboptimal. 

Current screening and diagnostic tools limit appropriate risk stratification and treatment. 

Overdiagnosis and overtreatment are concerning clinicians nowadays. To solve these obstacles, 

using additional tools and interventions in PCa screening, diagnosis, and treatment might help 

clinical decision process. Literature proved that new interventions and tests could make a 

significant difference in achieving personalized treatment. The benefits of these new tests and 

interventions could be summarized in this manner.  

 

Our study identified groups of interventions that could be used in men with suspicion of 

prostate cancer or who performed screening for prostate cancer or at different moments of 

prostate cancer management, in addition to current assessment tools. Using these will enable 

clinicians to decide which type of additional testing might be used in particular groups of 

patients. Employing these tests might save many patients from unnecessary 1st time biopsy or 

subsequent biopsy. After prostate cancer diagnosis, there is a group of interventions that might 

differentiate between aggressive and indolent disease, thus decreasing overtreatment. 

Furthermore, if suspicion persists after a negative biopsy, a group of interventions might help 

decide if a repeat biopsy is warranted. Finally, a group of tests might be used to decide what 

treatment to give based on predicting the risk of recurrence and mortality.  These interventions 

might allow clinicians to decrease uncertainty faced during PCa diagnosis and management. 

Literature demonstrated the clinical validity and analytical validity for some of these 

interventions, and now in our systematic review we gathered information on clinical usefulness 
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in having an impact on disease management and treatment decision, and hopefully on patients’ 

outcomes. 

 

So, given these facts, our study tried to answer the question: is there enough clinical evidence 

that these tests and interventions could be used in clinical practice? Genomic testing is 

advancing tremendously; however, still not used as a standard. Presented, there are many 

interventions that have the potential to optimize prostate cancer screening, diagnosis, and 

treatment, and thus personalizing treatment and improving clinical practice. These 

interventions demonstrated to be effective in patient stratification and treatment decision, but 

are they cost-effective? This enthusiasm for involving new interventions in clinical practice 

should be associated with studying their economic impact. Unfortunately, we lack real-world 

setting studies that could show the effectiveness of using these interventions and their 

associated costs. We need economic evaluations that assess and estimate the impact of these 

interventions on long term clinical outcomes and health care system. Our findings suggested 

tools that demonstrated efficacy and clinical usefulness, but are they applicable? Could 

clinicians adopt them in clinical practice? 

 

At this point, the best suggestion is to develop and validate a predictive model of evolution and 

management of PCa. This model will help understand how the identified interventions would 

affect screening, diagnosis and treatment of prostate cancer, from screening to end-of-life. 

Thus simulates the impact of adopting such interventions on PCa evolution, outcomes, and 

costs. Outcomes such as overall survival, quality adjusted life-years gained, and associated costs 
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could be studied.  If such study is done, we will understand if these PCa risk assessment tools 

have an impact on patients’ outcomes and for what cost. If proved to be cost effective, decision 

makers and clinicians will be encouraged to use these interventions in practice, thus achieving 

individualized treatment. 

 
7. Conclusion  
 
 
This study is an overview of clinical utility evidence on many interventions that could have 

significant potential to impact personalized treatment decisions and to improve clinical 

outcomes if adopted in clinical practice. Yet, their cost-effectiveness should be proved before 

public access to these interventions. This review suggests that these tests in clinical practice 

could help achieve personalized treatment of PCa by adding meaningful new information for 

better risk assessment and disease prognostication. Further clinical utility and economic 

evaluation studies are warranted to provide further guidance. 

 

 

 

 

 

 

 

 

 
 



86 
 
 

8. REFERENCES 
 
 
1. Torre LA, Siegel RL, Ward EM, Jemal A. Global Cancer Incidence and Mortality Rates and Trends--An 
Update. Cancer Epidemiol Biomarkers Prev. 2016;25(1):16-27. 
2. Statistics CCSsACoC. Canadian Cancer Statistics 2016. Toronto (ON): 2016 0835-2976. 
3. Canadian Cancer Society’s Advisory Committee on Cancer Statistics. Canadian Cancer Statistics 2017. 
Toronto, ON: Canadian Cancer Society; 2017. . 
4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin. 2015;65(1):5-29. 
5. Sanyal C, Aprikian AG, Cury FL, Chevalier S, Dragomir A. Management of localized and advanced prostate 
cancer in Canada: A lifetime cost and quality-adjusted life-year analysis. Cancer. 2016;122(7):1085-96. 
6. Johansson J, Andrén O, Andersson S, et al. Natural history of early, localized prostate cancer. JAMA. 
2004;291(22):2713-9. 
7. Heidenreich A, Bellmunt J, Bolla M, Joniau S, Mason M, Matveev V, et al. EAU guidelines on prostate 
cancer. Part 1: screening, diagnosis, and treatment of clinically localised disease. Eur Urol. 2011;59(1):61-71. 
8. Izawa JI, Klotz L, Siemens DR, Kassouf W, So A, Jordan J, et al. Prostate cancer screening: Canadian 
guidelines 2011. Can Urol Assoc J. 2011;5(4):235-40. 
9. Welch HG, Albertsen PC. Prostate cancer diagnosis and treatment after the introduction of prostate-
specific antigen screening: 1986-2005. J Natl Cancer Inst. 2009;101(19):1325-9. 
10. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin. 2014;64(1):9-29. 
11. Hugosson J, Carlsson S, Aus G, Bergdahl S, Khatami A, Lodding P, et al. Mortality results from the Goteborg 
randomised population-based prostate-cancer screening trial. Lancet Oncol. 2010;11(8):725-32. 
12. Schroder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al. Screening and prostate-cancer 
mortality in a randomized European study. The New England journal of medicine. 2009;360(13):1320-8. 
13. Klein EA, Cooperberg MR, Magi-Galluzzi C, Simko JP, Falzarano SM, Maddala T, et al. A 17-gene assay to 
predict prostate cancer aggressiveness in the context of Gleason grade heterogeneity, tumor multifocality, and 
biopsy undersampling. Eur Urol. 2014;66(3):550-60. 
14. Epstein JI, Feng Z, Trock BJ, Pierorazio PM. Upgrading and downgrading of prostate cancer from biopsy to 
radical prostatectomy: incidence and predictive factors using the modified Gleason grading system and factoring in 
tertiary grades. Eur Urol. 2012;61(5):1019-24. 
15. Pinthus JH, Witkos M, Fleshner NE, Sweet J, Evans A, Jewett MA, et al. Prostate cancers scored as Gleason 
6 on prostate biopsy are frequently Gleason 7 tumors at radical prostatectomy: implication on outcome. J Urol. 
2006;176(3):979-84; discussion 84. 
16. Porten SP, Whitson JM, Cowan JE, Cooperberg MR, Shinohara K, Perez N, et al. Changes in prostate cancer 
grade on serial biopsy in men undergoing active surveillance. J Clin Oncol. 2011;29(20):2795-800. 
17. Dall'Era MA, Albertsen PC, Bangma C, Carroll PR, Carter HB, Cooperberg MR, et al. Active surveillance for 
prostate cancer: a systematic review of the literature. Eur Urol. 2012;62(6):976-83. 
18. Carlsson S, Maschino A, Schroder F, Bangma C, Steyerberg EW, van der Kwast T, et al. Predictive value of 
four kallikrein markers for pathologically insignificant compared with aggressive prostate cancer in radical 
prostatectomy specimens: results from the European Randomized Study of Screening for Prostate Cancer section 
Rotterdam. Eur Urol. 2013;64(5):693-9. 
19. Vickers AJ, Cronin AM, Roobol MJ, Savage CJ, Peltola M, Pettersson K, et al. A four-kallikrein panel predicts 
prostate cancer in men with recent screening: data from the European Randomized Study of Screening for Prostate 
Cancer, Rotterdam. Clin Cancer Res. 2010;16(12):3232-9. 
20. Lazzeri M, Haese A, de la Taille A, Palou Redorta J, McNicholas T, Lughezzani G, et al. Serum isoform [-
2]proPSA derivatives significantly improve prediction of prostate cancer at initial biopsy in a total PSA range of 2-10 
ng/ml: a multicentric European study. Eur Urol. 2013;63(6):986-94. 
21. de la Calle C, Patil D, Wei JT, Scherr DS, Sokoll L, Chan DW, et al. Multicenter Evaluation of the Prostate 
Health Index (PHI) for Detection of Aggressive Prostate Cancer in Biopsy-Naive Men. J Urol. 2015. 
22. McDunn JE, Li Z, Adam KP, Neri BP, Wolfert RL, Milburn MV, et al. Metabolomic signatures of aggressive 
prostate cancer. Prostate. 2013;73(14):1547-60. 



87 
 
 

23. Pokorny MR, de Rooij M, Duncan E, Schroder FH, Parkinson R, Barentsz JO, et al. Prospective study of 
diagnostic accuracy comparing prostate cancer detection by transrectal ultrasound-guided biopsy versus magnetic 
resonance (MR) imaging with subsequent MR-guided biopsy in men without previous prostate biopsies. Eur Urol. 
2014;66(1):22-9. 
24. Falzarano SM, Ferro M, Bollito E, Klein EA, Carrieri G, Magi-Galluzzi C. Novel biomarkers and genomic tests 
in prostate cancer: a critical analysis. Minerva Urol Nefrol. 2015;67(3):211-31. 
25. Blume-Jensen P, Berman D, Rimm DL, Shipitsin M, Putzi M, Nifong TP, et al. Development and Clinical 
Validation of an in situ Biopsy Based Multi-Marker Assay for Risk Stratification in Prostate Cancer. Clin Cancer Res. 
2015. 
26. Cooperberg MR, Simko JP, Cowan JE, Reid JE, Djalilvand A, Bhatnagar S, et al. Validation of a cell-cycle 
progression gene panel to improve risk stratification in a contemporary prostatectomy cohort. J Clin Oncol. 
2013;31(11):1428-34. 
27. Bishoff JT, Freedland SJ, Gerber L, Tennstedt P, Reid J, Welbourn W, et al. Prognostic utility of the cell 
cycle progression score generated from biopsy in men treated with prostatectomy. J Urol. 2014;192(2):409-14. 
28. Freedland SJ, Gerber L, Reid J, Welbourn W, Tikishvili E, Park J, et al. Prognostic utility of cell cycle 
progression score in men with prostate cancer after primary external beam radiation therapy. Int J Radiat Oncol 
Biol Phys. 2013;86(5):848-53. 
29. Morais CL, Han JS, Gordetsky J, Nagar MS, Anderson AE, Lee S, et al. Utility of PTEN and ERG 
immunostaining for distinguishing high-grade PIN from intraductal carcinoma of the prostate on needle biopsy. Am 
J Surg Pathol. 2015;39(2):169-78. 
30. Klein EA, Haddad Z, Yousefi K, Lam LL, Wang Q, Choeurng V, et al. Decipher Genomic Classifier Measured 
on Prostate Biopsy Predicts Metastasis Risk. Urology. 2016;90:148-52. 
31. Partin AW, Van Neste L, Klein EA, Marks LS, Gee JR, Troyer DA, et al. Clinical validation of an epigenetic 
assay to predict negative histopathological results in repeat prostate biopsies. J Urol. 2014;192(4):1081-7. 
32. Stewart GD, Van Neste L, Delvenne P, Delree P, Delga A, McNeill SA, et al. Clinical utility of an epigenetic 
assay to detect occult prostate cancer in histopathologically negative biopsies: results of the MATLOC study. J Urol. 
2013;189(3):1110-6. 
33. Wojno KJ, Costa FJ, Cornell RJ, Small JD, Pasin E, Van Criekinge W, et al. Reduced Rate of Repeated 
Prostate Biopsies Observed in ConfirmMDx Clinical Utility Field Study. American health & drug benefits. 
2014;7(3):129-34. 
34. Robinson K, Creed J, Reguly B, Powell C, Wittock R, Klein D, et al. Accurate prediction of repeat prostate 
biopsy outcomes by a mitochondrial DNA deletion assay. Prostate Cancer Prostatic Dis. 2010;13(2):126-31. 
35. Konety B, Zappala SM, Parekh DJ, Osterhout D, Schock J, Chudler RM, et al. The 4Kscore Test Reduces 
Prostate Biopsy Rates in Community and Academic Urology Practices. Rev. 2015;17(4):231-40. 
36. Hirama H, Sugimoto M, Ito K, Shiraishi T, Kakehi Y. The impact of baseline [-2]proPSA-related indices on 
the prediction of pathological reclassification at 1 year during active surveillance for low-risk prostate cancer: the 
Japanese multicenter study cohort. J Cancer Res Clin Oncol. 2014;140(2):257-63. 
37. Badani K, Thompson DJ, Buerki C, Davicioni E, Garrison J, Ghadessi M, et al. Impact of a genomic classifier 
of metastatic risk on postoperative treatment recommendations for prostate cancer patients: a report from the 
DECIDE study group. Oncotarget. 2013;4(4):600-9. 
38. Erho N, Crisan A, Vergara IA, Mitra AP, Ghadessi M, Buerki C, et al. Discovery and validation of a prostate 
cancer genomic classifier that predicts early metastasis following radical prostatectomy. PLoS ONE. 
2013;8(6):e66855. 
39. Karnes RJ, Bergstralh EJ, Davicioni E, Ghadessi M, Buerki C, Mitra AP, et al. Validation of a genomic 
classifier that predicts metastasis following radical prostatectomy in an at risk patient population. J Urol. 
2013;190(6):2047-53. 
40. Moul JW, Lilja H, Semmes OJ, Lance RS, Vessella RL, Fleisher M, et al. NADiA ProsVue prostate-specific 
antigen slope is an independent prognostic marker for identifying men at reduced risk of clinical recurrence of 
prostate cancer after radical prostatectomy. Urology. 2012;80(6):1319-25. 
41. Moul JW, Sarno MJ, McDermed JE, Triebell MT, Reynolds MA. NADiA ProsVue prostate-specific antigen 
slope, CAPRA-S, and prostate cancer--specific survival after radical prostatectomy. Urology. 2014;84(6):1427-32. 



88 
 
 

42. Moul JW, Chen DY, Trabulsi EJ, Warlick CA, Ruckle HC, Porter JR, et al. Impact of NADiA ProsVue PSA slope 
on secondary treatment decisions after radical prostatectomy. Prostate Cancer Prostatic Dis. 2014;17(3):280-5. 
43. Cooperberg MR, Simko JP, Cowan JE, Reid JE, Djalilvand A, Bhatnagar S, et al. Validation of a cell-cycle 
progression gene panel to improve risk stratification in a contemporary prostatectomy cohort. J Clin Oncol. 
2013;31(11):1428-34. 
44. Tindall D, Scardino PT. Recent advances in prostate cancer : basic science discoveries and clinical 
advances. 2011. 
45. Humphrey, P. A. (2003). Prostate Pathology. Amer Society of Clinical. 
46. Marieb EN, Hoehn K. Human anatomy & physiology. San Francisco: Pearson Benjamin Cummings; 2007. 
47. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA Cancer J 
Clin. 2015;65(2):87-108. 
48.  Canadian Cancer Society’s Advisory Committee on Cancer Statistics. Canadian Cancer Statistics 2015. 
Toronto, ON: Canadian Cancer Society; 2015. 
49. Quon H, Loblaw A, Nam R. Dramatic increase in prostate cancer cases by 2021. BJU Int. 
2011;108(11):1734-8. 
50. Fitzmaurice C, Dicker D, Pain A, Hamavid H, Moradi-Lakeh M, MacIntyre MF, et al. The Global Burden of 
Cancer 2013. JAMA oncology. 2015;1(4):505-27. 
51. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H, et al. Cancer incidence 
and mortality patterns in Europe: estimates for 40 countries in 2012. Eur J Cancer. 2013;49(6):1374-403. 
52. Stokes ME, Ishak J, Proskorovsky I, Black LK, Huang Y. Lifetime economic burden of prostate cancer. BMC 
health services research. 2011;11:349. 
53. Casey RG, Corcoran NM, Goldenberg SL. Quality of life issues in men undergoing androgen deprivation 
therapy: a review. Asian J Androl. 2012;14(2):226-31. 
54. Loeb S, Bjurlin MA, Nicholson J, Tammela TL, Penson DF, Carter HB, et al. Overdiagnosis and 
overtreatment of prostate cancer. Eur Urol. 2014;65(6):1046-55. 
55. Mahal BA, Cooperberg MR, Aizer AA, Ziehr DR, Hyatt AS, Choueiri TK, et al. Who Bears the Greatest 
Burden of Aggressive Treatment of Indolent Prostate Cancer? The American Journal of Medicine. 2015;128(6):609-
16. 
56. Klotz L. Prostate cancer overdiagnosis and overtreatment. Current opinion in endocrinology, diabetes, and 
obesity. 2013;20(3):204-9. 
57. Bangma CH, Roemeling S, Schroder FH. Overdiagnosis and overtreatment of early detected prostate 
cancer. World J Urol. 2007;25(1):3-9. 
58. Catalona WJ, Richie JP, Ahmann FR, Hudson MA, Scardino PT, Flanigan RC, et al. Comparison of Digital 
Rectal Examination and Serum Prostate Specific Antigen in the Early Detection of Prostate Cancer: Results of a 
Multicenter Clinical Trial of 6,630 Men. J Urol. 2017;197(2s):S200-s7. 
59. Cary KC, Cooperberg MR. Biomarkers in prostate cancer surveillance and screening: past, present, and 
future. Ther Adv Urol. 2013;5(6):318-29. 
60. Lerner SE, Blute ML, Bergstralh EJ, Bostwick DG, Eickholt JT, Zincke H. Analysis of risk factors for 
progression in patients with pathologically confined prostate cancers after radical retropubic prostatectomy. J 
Urol. 1996;156(1):137-43. 
61. Jalloh M, Myers F, Cowan JE, Carroll PR, Cooperberg MR. Racial variation in prostate cancer upgrading and 
upstaging among men with low-risk clinical characteristics. Eur Urol. 2015;67(3):451-7. 
62. Resnick MJ, Koyama T, Fan KH, Albertsen PC, Goodman M, Hamilton AS, et al. Long-term functional 
outcomes after treatment for localized prostate cancer. The New England journal of medicine. 2013;368(5):436-45. 
63. Barry MJ, Gallagher PM, Skinner JS, Fowler FJ, Jr. Adverse effects of robotic-assisted laparoscopic versus 
open retropubic radical prostatectomy among a nationwide random sample of medicare-age men. J Clin Oncol. 
2012;30(5):513-8. 
64. Benoit RM, Naslund MJ, Cohen JK. Complications after radical retropubic prostatectomy in the medicare 
population. Urology. 2000;56(1):116-20. 
65. Hamilton AS, Stanford JL, Gilliland FD, Albertsen PC, Stephenson RA, Hoffman RM, et al. Health outcomes 
after external-beam radiation therapy for clinically localized prostate cancer: results from the Prostate Cancer 
Outcomes Study. J Clin Oncol. 2001;19(9):2517-26. 



89 
 
 

66. Oliver SE, May MT, Gunnell D. International trends in prostate-cancer mortality in the "PSA ERA". Int J 
Cancer. 2001;92(6):893-8. 
67. Bell N, Connor Gorber S, Shane A, Joffres M, Singh H, Dickinson J, et al. Recommendations on screening 
for prostate cancer with the prostate-specific antigen test. Cmaj. 2014;186(16):1225-34. 
68. Andriole GL, Crawford ED, Grubb RL, 3rd, Buys SS, Chia D, Church TR, et al. Prostate cancer screening in 
the randomized Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial: mortality results after 13 years of 
follow-up. J Natl Cancer Inst. 2012;104(2):125-32. 
69. Schroder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al. Prostate-cancer mortality at 11 
years of follow-up. N Engl J Med. 2012;366(11):981-90. 
70. Schroder FH, Hugosson J, Roobol MJ, Tammela TL, Zappa M, Nelen V, et al. Screening and prostate cancer 
mortality: results of the European Randomised Study of Screening for Prostate Cancer (ERSPC) at 13 years of 
follow-up. Lancet. 2014;384(9959):2027-35. 
71. Andriole GL, Crawford ED, Grubb RL, 3rd, Buys SS, Chia D, Church TR, et al. Mortality results from a 
randomized prostate-cancer screening trial. The New England journal of medicine. 2009;360(13):1310-9. 
72. Draisma G, Boer R, Otto SJ, van der Cruijsen IW, Damhuis RA, Schroder FH, et al. Lead times and 
overdetection due to prostate-specific antigen screening: estimates from the European Randomized Study of 
Screening for Prostate Cancer. J Natl Cancer Inst. 2003;95(12):868-78. 
73. Etzioni R, Penson DF, Legler JM, di Tommaso D, Boer R, Gann PH, et al. Overdiagnosis due to prostate-
specific antigen screening: lessons from U.S. prostate cancer incidence trends. J Natl Cancer Inst. 2002;94(13):981-
90. 
74. McGregor M, Hanley JA, Boivin JF, McLean RG. Screening for prostate cancer: estimating the magnitude of 
overdetection. Cmaj. 1998;159(11):1368-72. 
75. Korfage IJ, Essink-Bot ML, Borsboom GJ, Madalinska JB, Kirkels WJ, Habbema JD, et al. Five-year follow-up 
of health-related quality of life after primary treatment of localized prostate cancer. Int J Cancer. 2005;116(2):291-
6. 
76. Roobol MJ. International perspectives on screening. Urol Clin North Am. 2014;41(2):237-47. 
77. Moyer VA. Screening for prostate cancer: U.S. Preventive Services Task Force recommendation statement. 
Ann Intern Med. 2012;157(2):120-34. 
78. Armstrong BK, Barry MJ, Frydenberg M, Gardiner RA, Haines I, Carter SM. PSA testing for men at average 
risk of prostate cancer. Public health research & practice. 2017;27(3). 
79. Carter HB, Albertsen PC, Barry MJ, Etzioni R, Freedland SJ, Greene KL, et al. Early detection of prostate 
cancer: AUA Guideline. J Urol. 2013;190(2):419-26. 
80. Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, Joniau S, van der Kwast T, et al. EAU guidelines on prostate 
cancer. part 1: screening, diagnosis, and local treatment with curative intent-update 2013. Eur Urol. 
2014;65(1):124-37. 
81. Fleshner K, Carlsson SV, Roobol MJ. The effect of the USPSTF PSA screening recommendation on prostate 
cancer incidence patterns in the USA. Nat Rev Urol. 2017;14(1):26-37. 
82. Jemal A, Fedewa SA, Ma J, Siegel R, Lin CC, Brawley O, et al. Prostate Cancer Incidence and PSA Testing 
Patterns in Relation to USPSTF Screening Recommendations. Jama. 2015;314(19):2054-61. 
83. Li J, Berkowitz Z, Hall IJ. Decrease in Prostate Cancer Testing Following the US Preventive Services Task 
Force (USPSTF) Recommendations. Journal of the American Board of Family Medicine : JABFM. 2015;28(4):491-3. 
84. Perez TY, Danzig MR, Ghandour RA, Badani KK, Benson MC, McKiernan JM. Impact of the 2012 United 
States Preventive Services Task Force statement on prostate-specific antigen screening: analysis of urologic and 
primary care practices. Urology. 2015;85(1):85-9. 
85. Auprich M, Haese A, Walz J, Pummer K, de la Taille A, Graefen M, et al. External validation of urinary 
PCA3-based nomograms to individually predict prostate biopsy outcome. Eur Urol. 2010;58(5):727-32. 
86. Auprich M, Chun FK, Ward JF, Pummer K, Babaian R, Augustin H, et al. Critical assessment of preoperative 
urinary prostate cancer antigen 3 on the accuracy of prostate cancer staging. Eur Urol. 2011;59(1):96-105. 
87. Moul JW, Semans JH. Editorial comment. Urology. 2015;85(1):90. 
88. Loeb S, Zhou Q, Siebert U, Rochau U, Jahn B, Muhlberger N, et al. Active Surveillance Versus Watchful 
Waiting for Localized Prostate Cancer: A Model to Inform Decisions. Eur Urol. 2017. 



90 
 
 

89. Albertsen PC, Hanley JA, Fine J. 20-year outcomes following conservative management of clinically 
localized prostate cancer. Jama. 2005;293(17):2095-101. 
90. Ploussard G, Epstein JI, Montironi R, Carroll PR, Wirth M, Grimm MO, et al. The contemporary concept of 
significant versus insignificant prostate cancer. Eur Urol. 2011;60(2):291-303. 
91. Albertsen PC, Moore DF, Shih W, Lin Y, Li H, Lu-Yao GL. Impact of comorbidity on survival among men with 
localized prostate cancer. J Clin Oncol. 2011;29(10):1335-41. 
92. Stattin P, Holmberg E, Johansson JE, Holmberg L, Adolfsson J, Hugosson J. Outcomes in localized prostate 
cancer: National Prostate Cancer Register of Sweden follow-up study. J Natl Cancer Inst. 2010;102(13):950-8. 
93. Wilt TJ, Brawer MK, Jones KM, Barry MJ, Aronson WJ, Fox S, et al. Radical prostatectomy versus 
observation for localized prostate cancer. The New England journal of medicine. 2012;367(3):203-13. 
94. Klotz L. Active surveillance for low-risk prostate cancer. Curr Opin Urol. 2017;27(3):225-30. 
95. Bul M, Zhu X, Valdagni R, Pickles T, Kakehi Y, Rannikko A, et al. Active surveillance for low-risk prostate 
cancer worldwide: the PRIAS study. Eur Urol. 2013;63(4):597-603. 
96. Bill-Axelson A, Holmberg L, Ruutu M, Garmo H, Stark JR, Busch C, et al. Radical prostatectomy versus 
watchful waiting in early prostate cancer. The New England journal of medicine. 2011;364(18):1708-17. 
97. Soloway MS, Soloway CT, Williams S, Ayyathurai R, Kava B, Manoharan M. Active surveillance; a 
reasonable management alternative for patients with prostate cancer: the Miami experience. BJU Int. 
2008;101(2):165-9. 
98. Klotz L, Zhang L, Lam A, Nam R, Mamedov A, Loblaw A. Clinical results of long-term follow-up of a large, 
active surveillance cohort with localized prostate cancer. J Clin Oncol. 2010;28(1):126-31. 
99. Wilt TJ, MacDonald R, Rutks I, Shamliyan TA, Taylor BC, Kane RL. Systematic review: comparative 
effectiveness and harms of treatments for clinically localized prostate cancer. Ann Intern Med. 2008;148(6):435-
48. 
100. Carlsson S, Aus G, Bergdahl S, Khatami A, Lodding P, Stranne J, et al. The excess burden of side-effects 
from treatment in men allocated to screening for prostate cancer. The Goteborg randomised population-based 
prostate cancer screening trial. Eur J Cancer. 2011;47(4):545-53. 
101. Johansson E, Bill-Axelson A, Holmberg L, Onelov E, Johansson JE, Steineck G. Time, symptom burden, 
androgen deprivation, and self-assessed quality of life after radical prostatectomy or watchful waiting: the 
Randomized Scandinavian Prostate Cancer Group Study Number 4 (SPCG-4) clinical trial. Eur Urol. 2009;55(2):422-
30. 
102. Penson DF, Litwin MS. The physical burden of prostate cancer. Urol Clin North Am. 2003;30(2):305-13. 
103. Thong MS, Mols F, Kil PJ, Korfage IJ, van de Poll-Franse LV. Prostate cancer survivors who would be eligible 
for active surveillance but were either treated with radiotherapy or managed expectantly: comparisons on long-
term quality of life and symptom burden. BJU Int. 2010;105(5):652-8. 
104. D'Amico AV, Whittington R, Malkowicz SB, Schultz D, Blank K, Broderick GA, et al. Biochemical outcome 
after radical prostatectomy, external beam radiation therapy, or interstitial radiation therapy for clinically localized 
prostate cancer. Jama. 1998;280(11):969-74. 
105. Mohler J, Bahnson RR, Boston B, Busby JE, D'Amico A, Eastham JA, et al. NCCN clinical practice guidelines 
in oncology: prostate cancer. Journal of the National Comprehensive Cancer Network : JNCCN. 2010;8(2):162-200. 
106. Heidenreich A, Aus G, Bolla M, Joniau S, Matveev VB, Schmid HP, et al. EAU guidelines on prostate cancer. 
Eur Urol. 2008;53(1):68-80. 
107. National Comprehensive Cancer Network Guidelines. Available at 
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site. Accessed on October 2017. 
108. Mahmood U, Levy LB, Nguyen PL, Lee AK, Kuban DA, Hoffman KE. Current clinical presentation and 
treatment of localized prostate cancer in the United States. J Urol. 2014;192(6):1650-6. 
109. Gibbons L, Waters C. Prostate cancer--testing, incidence, surgery and mortality. Health reports. 
2003;14(3):9-20. 
110. Lepor H. Selecting candidates for radical prostatectomy. Rev Urol. 2000;2(3):182-9. 
111. Brodszky V, Varga P, Gimesi-Orszagh J, Fadgyas-Freyler P, Boncz I, Nyirady P, et al. Long-term costs and 
survival of prostate cancer: a population-based study. Int Urol Nephrol. 2017. 

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site


91 
 
 

112. Roehl KA, Han M, Ramos CG, Antenor JA, Catalona WJ. Cancer progression and survival rates following 
anatomical radical retropubic prostatectomy in 3,478 consecutive patients: long-term results. J Urol. 
2004;172(3):910-4. 
113. Walsh PC. Radical prostatectomy for localized prostate cancer provides durable cancer control with 
excellent quality of life: a structured debate. J Urol. 2000;163(6):1802-7. 
114. Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson JD, Walsh PC. Natural history of progression 
after PSA elevation following radical prostatectomy. Jama. 1999;281(17):1591-7. 
115. Hull GW, Rabbani F, Abbas F, Wheeler TM, Kattan MW, Scardino PT. Cancer control with radical 
prostatectomy alone in 1,000 consecutive patients. J Urol. 2002;167(2 Pt 1):528-34. 
116. Haahr MK, Azawi NH, Andersen LG, Carlson S, Lund L. A Retrospective Study of Erectile Function and Use 
of Erectile Aids in Prostate Cancer Patients After Radical Prostatectomy in Denmark. Sexual medicine. 2017. 
117. Ragde H, Grado GL, Nadir B, Elgamal AA. Modern prostate brachytherapy. CA Cancer J Clin. 
2000;50(6):380-93. 
118. Wattson DA, Chen MH, Moran BJ, Dosoretz DE, Braccioforte MH, Salenius SA, et al. The number of high-
risk factors and the risk of prostate cancer-specific mortality after brachytherapy: implications for treatment 
selection. Int J Radiat Oncol Biol Phys. 2012;82(5):e773-9. 
119. Boorjian SA, Karnes RJ, Viterbo R, Rangel LJ, Bergstralh EJ, Horwitz EM, et al. Long-term survival after 
radical prostatectomy versus external-beam radiotherapy for patients with high-risk prostate cancer. Cancer. 
2011;117(13):2883-91. 
120. Arcangeli G, Strigari L, Arcangeli S, Petrongari MG, Saracino B, Gomellini S, et al. Retrospective comparison 
of external beam radiotherapy and radical prostatectomy in high-risk, clinically localized prostate cancer. Int J 
Radiat Oncol Biol Phys. 2009;75(4):975-82. 
121. Do NL, Nagle D, Poylin VY. Radiation proctitis: current strategies in management. Gastroenterology 
research and practice. 2011;2011:917941. 
122. Schultheiss TE, Lee WR, Hunt MA, Hanlon AL, Peter RS, Hanks GE. Late GI and GU complications in the 
treatment of prostate cancer. Int J Radiat Oncol Biol Phys. 1997;37(1):3-11. 
123. Shipley WU, Zietman AL, Hanks GE, Coen JJ, Caplan RJ, Won M, et al. Treatment related sequelae 
following external beam radiation for prostate cancer: a review with an update in patients with stages T1 and T2 
tumor. J Urol. 1994;152(5 Pt 2):1799-805. 
124. Haddock MG, Sloan JA, Bollinger JW, Soori G, Steen PD, Martenson JA. Patient assessment of bowel 
function during and after pelvic radiotherapy: results of a prospective phase III North Central Cancer Treatment 
Group clinical trial. J Clin Oncol. 2007;25(10):1255-9. 
125. Potosky AL, Legler J, Albertsen PC, Stanford JL, Gilliland FD, Hamilton AS, et al. Health outcomes after 
prostatectomy or radiotherapy for prostate cancer: results from the Prostate Cancer Outcomes Study. J Natl 
Cancer Inst. 2000;92(19):1582-92. 
126. Mantz CA, Song P, Farhangi E, Nautiyal J, Awan A, Ignacio L, et al. Potency probability following conformal 
megavoltage radiotherapy using conventional doses for localized prostate cancer. Int J Radiat Oncol Biol Phys. 
1997;37(3):551-7. 
127. Stock RG, Kao J, Stone NN. Penile erectile function after permanent radioactive seed implantation for 
treatment of prostate cancer. J Urol. 2001;165(2):436-9. 
128. Widmark A, Klepp O, Solberg A, Damber JE, Angelsen A, Fransson P, et al. Endocrine treatment, with or 
without radiotherapy, in locally advanced prostate cancer (SPCG-7/SFUO-3): an open randomised phase III trial. 
Lancet. 2009;373(9660):301-8. 
129. Trachtenberg J. Hormonal management of stage D carcinoma of the prostate. Urol Clin North Am. 
1987;14(4):685-94. 
130. Ciezki JP, Klein EA, Angermeier K, Ulchaker J, Chehade N, Altman A, et al. A retrospective comparison of 
androgen deprivation (AD) vs. no AD among low-risk and intermediate-risk prostate cancer patients treated with 
brachytherapy, external beam radiotherapy, or radical prostatectomy. Int J Radiat Oncol Biol Phys. 
2004;60(5):1347-50. 
131. Bolla M, de Reijke TM, Van Tienhoven G, Van den Bergh AC, Oddens J, Poortmans PM, et al. Duration of 
androgen suppression in the treatment of prostate cancer. The New England journal of medicine. 
2009;360(24):2516-27. 



92 
 
 

132. Oudard S, Fizazi K, Sengelov L, Daugaard G, Saad F, Hansen S, et al. Cabazitaxel Versus Docetaxel As First-
Line Therapy for Patients With Metastatic Castration-Resistant Prostate Cancer: A Randomized Phase III Trial-
FIRSTANA. J Clin Oncol. 2017:Jco2016721068. 
133. Norum J, Nieder C. Treatments for Metastatic Prostate Cancer (mPC): A Review of Costing Evidence. 
Pharmacoeconomics. 2017. 
134. Aggarwal R, Bryce A, Ryan CJ, Harzstark A, Derleth C, Kim W, et al. A multicenter phase I study of 
cabazitaxel, mitoxantrone, and prednisone for chemotherapy-naive patients with metastatic castration-resistant 
prostate cancer: A department of defense prostate cancer clinical trials consortium study. Urol Oncol. 
2017;35(4):149.e7-.e13. 
135. Berruti A, Pia A, Terzolo M. Abiraterone and increased survival in metastatic prostate cancer. The New 
England journal of medicine. 2011;365(8):766; author reply 7-8. 
136. Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K, et al. Increased survival with enzalutamide in 
prostate cancer after chemotherapy. The New England journal of medicine. 2012;367(13):1187-97. 
137. Saad F, Gleason DM, Murray R, Tchekmedyian S, Venner P, Lacombe L, et al. A randomized, placebo-
controlled trial of zoledronic acid in patients with hormone-refractory metastatic prostate carcinoma. J Natl Cancer 
Inst. 2002;94(19):1458-68. 
138. Fizazi K, Carducci M, Smith M, Damiao R, Brown J, Karsh L, et al. Denosumab versus zoledronic acid for 
treatment of bone metastases in men with castration-resistant prostate cancer: a randomised, double-blind study. 
Lancet. 2011;377(9768):813-22. 
139. Smith MR, Saad F, Oudard S, Shore N, Fizazi K, Sieber P, et al. Denosumab and bone metastasis-free 
survival in men with nonmetastatic castration-resistant prostate cancer: exploratory analyses by baseline prostate-
specific antigen doubling time. J Clin Oncol. 2013;31(30):3800-6. 
140. Sanyal C, Aprikian AG, Chevalier S, Cury FL, Dragomir A. Direct cost for initial management of prostate 
cancer: a systematic review. Current oncology (Toronto, Ont). 2013;20(6):e522-31. 
141. Auprich M, Bjartell A, Chun FK, de la Taille A, Freedland SJ, Haese A, et al. Contemporary role of prostate 
cancer antigen 3 in the management of prostate cancer. Eur Urol. 2011;60(5):1045-54. 
142. Malavaud B, Cussenot O, Mottet N, Rozet F, Ruffion A, Smets L, et al. Impact of adoption of a decision 
algorithm including PCA3 for repeat biopsy on the costs for prostate cancer diagnosis in France. J Med Econ. 
2013;16(3):358-63. 
143. Tombal B, Andriole GL, de la Taille A, Gontero P, Haese A, Remzi M, et al. Clinical judgment versus 
biomarker prostate cancer gene 3: which is best when determining the need for repeat prostate biopsy? Urology. 
2013;81(5):998-1004. 
144. Crawford ED, Rove KO, Trabulsi EJ, Qian J, Drewnowska KP, Kaminetsky JC, et al. Diagnostic performance 
of PCA3 to detect prostate cancer in men with increased prostate specific antigen: a prospective study of 1,962 
cases. J Urol. 2012;188(5):1726-31. 
145. de la Taille A, Irani J, Graefen M, Chun F, de Reijke T, Kil P, et al. Clinical evaluation of the PCA3 assay in 
guiding initial biopsy decisions. J Urol. 2011;185(6):2119-25. 
146. Haese A, de la Taille A, van Poppel H, Marberger M, Stenzl A, Mulders PF, et al. Clinical utility of the PCA3 
urine assay in European men scheduled for repeat biopsy. Eur Urol. 2008;54(5):1081-8. 
147. Gittelman MC, Hertzman B, Bailen J, Williams T, Koziol I, Henderson RJ, et al. PCA3 molecular urine test as 
a predictor of repeat prostate biopsy outcome in men with previous negative biopsies: a prospective multicenter 
clinical study. J Urol. 2013;190(1):64-9. 
148. Deras IL, Aubin SM, Blase A, Day JR, Koo S, Partin AW, et al. PCA3: a molecular urine assay for predicting 
prostate biopsy outcome. J Urol. 2008;179(4):1587-92. 
149. Tosoian JJ, Loeb S, Kettermann A, Landis P, Elliot DJ, Epstein JI, et al. Accuracy of PCA3 measurement in 
predicting short-term biopsy progression in an active surveillance program. J Urol. 2010;183(2):534-8. 
150. Stattin P, Vickers AJ, Sjoberg DD, Johansson R, Granfors T, Johansson M, et al. Improving the Specificity of 
Screening for Lethal Prostate Cancer Using Prostate-specific Antigen and a Panel of Kallikrein Markers: A Nested 
Case-Control Study. Eur Urol. 2015;68(2):207-13. 
151. Vickers AJ, Cronin AM, Aus G, Pihl CG, Becker C, Pettersson K, et al. A panel of kallikrein markers can 
reduce unnecessary biopsy for prostate cancer: data from the European Randomized Study of Prostate Cancer 
Screening in Goteborg, Sweden. BMC Med. 2008;6:19. 



93 
 
 

152. Benchikh A, Savage C, Cronin A, Salama G, Villers A, Lilja H, et al. A panel of kallikrein markers can predict 
outcome of prostate biopsy following clinical work-up: an independent validation study from the European 
Randomized Study of Prostate Cancer screening, France. BMC Cancer. 2010;10:7. 
153. Gupta A, Roobol MJ, Savage CJ, Peltola M, Pettersson K, Scardino PT, et al. A four-kallikrein panel for the 
prediction of repeat prostate biopsy: data from the European Randomized Study of Prostate Cancer screening in 
Rotterdam, Netherlands. Br J Cancer. 2010;103(5):708-14. 
154. Vickers A, Cronin A, Roobol M, Savage C, Peltola M, Pettersson K, et al. Reducing unnecessary biopsy 
during prostate cancer screening using a four-kallikrein panel: an independent replication. J Clin Oncol. 
2010;28(15):2493-8. 
155. Vickers AJ, Cronin AM, Aus G, Pihl CG, Becker C, Pettersson K, et al. Impact of recent screening on 
predicting the outcome of prostate cancer biopsy in men with elevated prostate-specific antigen: data from the 
European Randomized Study of Prostate Cancer Screening in Gothenburg, Sweden. Cancer. 2010;116(11):2612-20. 
156. Vickers AJ, Cronin AM, Roobol MJ, Savage CJ, Peltola M, Pettersson K, et al. A four-kallikrein panel predicts 
prostate cancer in men with recent screening: data from the European Randomized Study of Screening for Prostate 
Cancer, Rotterdam. Clin Cancer Res. 2010;16(12):3232-9. 
157. Carlsson S, Maschino A, Schroder F, Bangma C, Steyerberg EW, van der Kwast T, et al. Predictive value of 
four kallikrein markers for pathologically insignificant compared with aggressive prostate cancer in radical 
prostatectomy specimens: results from the European Randomized Study of Screening for Prostate Cancer section 
Rotterdam. Eur Urol. 2013;64(5):693-9. 
158. Braun K, Sjoberg DD, Vickers AJ, Lilja H, Bjartell AS. A Four-kallikrein Panel Predicts High-grade Cancer on 
Biopsy: Independent Validation in a Community Cohort. Eur Urol. 2016;69(3):505-11. 
159. Voigt JD, Zappala SM, Vaughan ED, Wein AJ. The Kallikrein Panel for prostate cancer screening: its 
economic impact. Prostate. 2014;74(3):250-9. 
160. Van Neste L, Herman JG, Otto G, Bigley JW, Epstein JI, Van Criekinge W. The epigenetic promise for 
prostate cancer diagnosis. Prostate. 2012;72(11):1248-61. 
161. Wojno KJ, Costa FJ, Cornell RJ, Small JD, Pasin E, Van Criekinge W, et al. Reduced Rate of Repeated 
Prostate Biopsies Observed in ConfirmMDx Clinical Utility Field Study. American Health & Drug Benefits. 
2014;7(3):129-34. 
162. Blute ML, Jr., Abel EJ, Downs TM, Kelcz F, Jarrard DF. Addressing the need for repeat prostate biopsy: new 
technology and approaches. Nat Rev Urol. 2015;12(8):435-44. 
163. Murphy L, Prencipe M, Gallagher WM, Watson RW. Commercialized biomarkers: new horizons in prostate 
cancer diagnostics. Expert Rev Mol Diagn. 2015;15(4):491-503. 
164. Knezevic D, Goddard AD, Natraj N, Cherbavaz DB, Clark-Langone KM, Snable J, et al. Analytical validation 
of the Oncotype DX prostate cancer assay - a clinical RT-PCR assay optimized for prostate needle biopsies. BMC 
Genomics. 2013;14:690. 
165. Albala D, Kemeter MJ, Febbo PG, Lu R, John V, Stoy D, et al. Health Economic Impact and Prospective 
Clinical Utility of Oncotype DX Genomic Prostate Score. Rev. 2016;18(3):123-32. 
166. Dall'Era MA, Maddala T, Polychronopoulos L, Gallagher JR, Febbo PG, Denes BS. Utility of the Oncotype 
DX<sup></sup> Prostate Cancer Assay in Clinical Practice for Treatment Selection in Men Newly Diagnosed with 
Prostate Cancer: A Retrospective Chart Review Analysis. Urology Practice. 2015;2(6):343-8. 
167. Cuzick J, Swanson GP, Fisher G, Brothman AR, Berney DM, Reid JE, et al. Prognostic value of an RNA 
expression signature derived from cell cycle proliferation genes in patients with prostate cancer: a retrospective 
study. Lancet Oncol. 2011;12(3):245-55. 
168. Cuzick J, Berney DM, Fisher G, Mesher D, Moller H, Reid JE, et al. Prognostic value of a cell cycle 
progression signature for prostate cancer death in a conservatively managed needle biopsy cohort. Br J Cancer. 
2012;106(6):1095-9. 
169. Bishoff J, Freedland S, Gerber L, Tennstedt P, Welbourn W, Reid J, et al. Prognostic utility of the cell cycle 
progression (CCP) score generated from needle biopsy in men treated with prostatectomy. J Urol. 2014;1):e935. 
170. Freedland SJ, Gerber L, Reid J, Welbourn W, Tikishvili E, Park J, et al. Prognostic utility of cell cycle 
progression score in men with prostate cancer after primary external beam radiation therapy. Int J Radiat Oncol 
Biol Phys. 2013;86(5):848-53. 



94 
 
 

171. Crawford ED, Scholz MC, Kar AJ, Fegan JE, Haregewoin A, Kaldate RR, et al. Cell cycle progression score 
and treatment decisions in prostate cancer: results from an ongoing registry. Curr Med Res Opin. 2014;30(6):1025-
31. 
172. Shore ND, Kella N, Moran B, Boczko J, Bianco FJ, Crawford ED, et al. Impact of the Cell Cycle Progression 
Test on Physician and Patient Treatment Selection for Localized Prostate Cancer. J Urol. 2016;195(3):612-8. 
173. Shore N, Concepcion R, Saltzstein D, Lucia MS, van Breda A, Welbourn W, et al. Clinical utility of a biopsy-
based cell cycle gene expression assay in localized prostate cancer. Curr Med Res Opin. 2014;30(4):547-53. 
174. Cuzick J, Stone S, Fisher G, Yang ZH, North BV, Berney DM, et al. Validation of an RNA cell cycle 
progression score for predicting death from prostate cancer in a conservatively managed needle biopsy cohort. Br J 
Cancer. 2015;113(3):382-9. 
175. Oderda M, Cozzi G, Daniele L, Sapino A, Munegato S, Renne G, et al. Cell-cycle Progression-Score Might 
Improve the Current Risk Assessment in Newly Diagnosed Prostate Cancer Patients. Urology. 2016. 
176. de Pouvourville G. Cost-Effectiveness Analysis for The Use of The Ccp Score In The Management of Early 
Low Risk Prostate Cancer In The French Context. Value Health. 2015;18(7):A358. 
177. Puech P, Potiron E, Lemaitre L, Leroy X, Haber GP, Crouzet S, et al. Dynamic contrast-enhanced-magnetic 
resonance imaging evaluation of intraprostatic prostate cancer: correlation with radical prostatectomy specimens. 
Urology. 2009;74(5):1094-9. 
178. Stephenson SK, Chang EK, Marks LS. Screening and detection advances in magnetic resonance image-
guided prostate biopsy. Urol Clin North Am. 2014;41(2):315-26. 
179. Fradet V, Kurhanewicz J, Cowan JE, Karl A, Coakley FV, Shinohara K, et al. Prostate cancer managed with 
active surveillance: role of anatomic MR imaging and MR spectroscopic imaging. Radiology. 2010;256(1):176-83. 
180. Vargas HA, Akin O, Afaq A, Goldman D, Zheng J, Moskowitz CS, et al. Magnetic resonance imaging for 
predicting prostate biopsy findings in patients considered for active surveillance of clinically low risk prostate 
cancer. J Urol. 2012;188(5):1732-8. 
181. Borofsky MS, Rosenkrantz AB, Abraham N, Jain R, Taneja SS. Does suspicion of prostate cancer on 
integrated T2 and diffusion-weighted MRI predict more adverse pathology on radical prostatectomy? Urology. 
2013;81(6):1279-83. 
182. Porpiglia F, Cantiello F, De Luca S, Manfredi M, Veltri A, Russo F, et al. In-parallel comparative evaluation 
between multiparametric magnetic resonance imaging, prostate cancer antigen 3 and the prostate health index in 
predicting pathologically confirmed significant prostate cancer in men eligible for active surveillance. BJU Int. 
2016;118(4):527-34. 
183. Ouzzane A, Puech P, Villers A. MRI and surveillance. Curr Opin Urol. 2012;22(3):231-6. 
184. Fascelli M, George AK, Frye T, Turkbey B, Choyke PL, Pinto PA. The role of MRI in active surveillance for 
prostate cancer. Current Urology Reports. 2015;16(6):42. 
185. Filella X, Foj L, Auge JM, Molina R, Alcover J. Clinical utility of %p2PSA and prostate health index in the 
detection of prostate cancer. Clin Chem Lab Med. 2014;52(9):1347-55. 
186. Ng CF, Chiu PK, Lam NY, Lam HC, Lee KW, Hou SS. The Prostate Health Index in predicting initial prostate 
biopsy outcomes in Asian men with prostate-specific antigen levels of 4-10 ng/mL. Int Urol Nephrol. 
2014;46(4):711-7. 
187. Lazzeri M, Haese A, de la Taille A, Palou Redorta J, McNicholas T, Lughezzani G, et al. Serum isoform [-
2]proPSA derivatives significantly improve prediction of prostate cancer at initial biopsy in a total PSA range of 2-10 
ng/ml: a multicentric European study. Eur Urol. 2013;63(6):986-94. 
188. Lazzeri M, Haese A, Abrate A, de la Taille A, Redorta JP, McNicholas T, et al. Clinical performance of serum 
prostate-specific antigen isoform [-2]proPSA (p2PSA) and its derivatives, %p2PSA and the prostate health index 
(PHI), in men with a family history of prostate cancer: results from a multicentre European study, the PROMEtheuS 
project. BJU Int. 2013;112(3):313-21. 
189. Sokoll LJ, Wang Y, Feng Z, Kagan J, Partin AW, Sanda MG, et al. [-2]proenzyme prostate specific antigen for 
prostate cancer detection: a national cancer institute early detection research network validation study. J Urol. 
2008;180(2):539-43; discussion 43. 
190. Shipitsin M, Small C, Choudhury S, Giladi E, Friedlander S, Nardone J, et al. Identification of proteomic 
biomarkers predicting prostate cancer aggressiveness and lethality despite biopsy-sampling error. Br J Cancer. 
2014;111(6):1201-12. 



95 
 
 

191. Blume-Jensen P, Berman DM, Rimm DL, Shipitsin M, Putzi M, Nifong TP, et al. Development and clinical 
validation of an in situ biopsy-based multimarker assay for risk stratification in prostate cancer. Clin Cancer Res. 
2015;21(11):2591-600. 
192. Roth JA, Ramsey SD, Carlson JJ. Cost-Effectiveness of a Biopsy-Based 8-Protein Prostate Cancer Prognostic 
Assay to Optimize Treatment Decision Making in Gleason 3 + 3 and 3 + 4 Early Stage Prostate Cancer. Oncologist. 
2015;20(12):1355-64. 
193. Maki J, Robinson K, Reguly B, Alexander J, Wittock R, Aguirre A, et al. Mitochondrial genome deletion aids 
in the identification of false- and true-negative prostate needle core biopsy specimens. Am J Clin Pathol. 
2008;129(1):57-66. 
194. Freedland SJ, Choeurng V, Howard L, De Hoedt A, du Plessis M, Yousefi K, et al. Utilization of a Genomic 
Classifier for Prediction of Metastasis Following Salvage Radiation Therapy after Radical Prostatectomy. Eur Urol. 
2016;70(4):588-96. 
195. Cooperberg MR, Davicioni E, Crisan A, Jenkins RB, Ghadessi M, Karnes RJ. Combined value of validated 
clinical and genomic risk stratification tools for predicting prostate cancer mortality in a high-risk prostatectomy 
cohort. Eur Urol. 2015;67(2):326-33. 
196. Den RB, Santiago-Jimenez M, Alter J, Schliekelman M, Wagner JR, Renzulli JF, et al. Decipher correlation 
patterns post prostatectomy: Initial experience from 2 342 prospective patients. Prostate Cancer and Prostatic 
Diseases. 2016;19(4):374-9. 
197. Ross AE, Johnson MH, Yousefi K, Davicioni E, Netto GJ, Marchionni L, et al. Tissue-based Genomics 
Augments Post-prostatectomy Risk Stratification in a Natural History Cohort of Intermediate- and High-Risk Men. 
Eur Urol. 2016;69(1):157-65. 
198. Ross AE, Johnson MH, Yousefi K, Davicioni E, Netto GJ, Marchionni L, et al. Tissue-based Genomics 
Augments Post-prostatectomy Risk Stratification in a Natural History Cohort of Intermediate- and High-Risk Men. 
Eur Urol. 2016;69(1):157-65. 
199. Badani KK, Thompson DJ, Brown G, Holmes D, Kella N, Albala D, et al. Effect of a genomic classifier test on 
clinical practice decisions for patients with high-risk prostate cancer after surgery. BJU Int. 2015;115(3):419-29. 
200. Sarno MJ, Davis CS. Robustness of ProsVue linear slope for prognostic identification of patients at reduced 
risk for prostate cancer recurrence: Simulation studies on effects of analytical imprecision and sampling time 
variation. Clin Biochem. 2012;45(16-17):1479-84. 
201. Reed SD, Stewart SB, Scales CD, Jr., Moul JW. A framework to evaluate the cost-effectiveness of the 
NADiA ProsVue slope to guide adjuvant radiotherapy among men with high-risk characteristics following 
prostatectomy for prostate cancer. Value Health. 2014;17(5):545-54. 
202. Sommariva S, Tarricone R, Lazzeri M, Ricciardi W, Montorsi F. Prognostic Value of the Cell Cycle 
Progression Score in Patients with Prostate Cancer: A Systematic Review and Meta-analysis. Eur Urol. 
2016;69(1):107-15. 
203. Rector TS, Taylor BC, Wilt TJ. AHRQ Methods for Effective Health Care. Systematic Review of Prognostic 
Tests. In: Chang SM, Matchar DB, Smetana GW, Umscheid CA, editors. Methods Guide for Medical Test Reviews. 
Rockville (MD): Agency for Healthcare Research and Quality (US); 2012. 
204. Evaluation of Genomic Applications in P, Prevention Working G. Recommendations from the EGAPP 
Working Group: does PCA3 testing for the diagnosis and management of prostate cancer improve patient health 
outcomes? Genet Med. 2014;16(4):338-46. 
205. Catalona WJ, Partin AW, Sanda MG, Wei JT, Klee GG, Bangma CH, et al. A multicenter study of [-2]pro-
prostate specific antigen combined with prostate specific antigen and free prostate specific antigen for prostate 
cancer detection in the 2.0 to 10.0 ng/ml prostate specific antigen range.[Erratum appears in J Urol. 2011 
Jul;186(1):354]. J Urol. 2011;185(5):1650-5. 
206. Lazzeri M, Briganti A, Scattoni V, Lughezzani G, Larcher A, Gadda GM, et al. Serum index test %[-2]proPSA 
and Prostate Health Index are more accurate than prostate specific antigen and %fPSA in predicting a positive 
repeat prostate biopsy. J Urol. 2012;188(4):1137-43. 
207. Chamie K, Sonn GA, Finley DS, Tan N, Margolis DJA, Raman SS, et al. The Role of Magnetic Resonance 
Imaging in Delineating Clinically Significant Prostate Cancer. Urology. 2014;83(2):369-75. 



96 
 
 

208. Grenabo Bergdahl A, Wilderang U, Aus G, Carlsson S, Damber JE, Franlund M, et al. Role of Magnetic 
Resonance Imaging in Prostate Cancer Screening: A Pilot Study Within the Goteborg Randomised Screening Trial. 
Eur Urol. 2016;70(4):566-73. 
209. Roobol MJ. Contemporary role of prostate cancer gene 3 in the management of prostate cancer. Curr 
Opin Urol. 2011;21(3):225-9. 
210. Michalopoulos SN, Kella N, Payne R, Yohannes P, Singh A, Hettinger C, et al. Influence of a genomic 
classifier on post-operative treatment decisions in high-risk prostate cancer patients: results from the PRO-ACT 
study. Curr Med Res Opin. 2014;30(8):1547-56. 
 
  



97 
 
 

APPENDIX 

APPENDIX I – MEDLINE search strategy [Ovid] 

1. exp Prostatic Neoplasms/  

2 .prostat*.hw. and exp Neoplasms/  

3 .(prostat* adj5 (adenoma* or adenocarcin* or mass or masses or cyst* or cancer* or tumo?r* 

or neo?plas* or carcinom* or oncolog* or sarcom*)).tw,kf.  

4 .1 or 2 or 3  

5 .Animals/ not (Animals/ and Humans/)  

6 .4 not 5  

7. (PHI or prostat* health index*).tw,kf.  

8. 6 and 7  

9. (4Kscor* or 4K scor* or (("4" or four) adj3 (kallikrein* or Kallikurein*))).tw,kf.  

10. 6 and 9  

11. (Bostwick* or ProstaV?s* or Prosta V?s*).tw,kf.  

12. ERG.tw,kf. and PTEN.tw,kf,hw.  

13. 11 or 12 

14. 6 and 13  

15. Prostarix*.tw,kf.  
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16. (sarcosin* and alanin* and glycin* and glutamat*).tw,kf,hw.  

17. 15 or 16  

18. 6 and 17  

19. prolar?s*.tw,kf. or ((ccp or cycle cell proliferat*) adj3 (test* or score* or assay*)).tw,kf,hw. 

20. 6 and 19  

21. (oncotyp* or (onco adj2 typ*)).tw,kf.  

22. 6 and 21  

23. (metamar* or meta-mar* or promar* or pro-mar*).tw,kf.  

24. 6 and 23  

25. Progensa*.tw,kf.  

26. ((PCA3 or PCA 3 or gene 3) adj5 (test* or score* or assay*)).tw,kf.  

27. 25 or 26 

28. 6 and 27  

29. (PCMT or mitom*).tw,kf.  

30. 6 and 29  

31. (Confirm MDx* or ConfirmMDx*).tw,kf.  

32. 6 and 31  
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33. ((genomedx or deciphertest* or deciphertm or decipherdx or deciphergc or decipher*) and 

(tm or test* or score* or gc or rna or biomark* or bio-mark* or genom* or assay* or dx)).tw,kf.  

34. 6 and 33  

35. (ProsV* or prostat* specific antigen slope*).tw,kf.  

36. 6 and 35  

37. (Mi-Prostat* or MiPS or (mi adj5 score*)).tw,kf.  

38. 6 and 37  

39. exp Magnetic Resonance Imaging/  

40. (mri or (magnetic* adj3 resonanc*)).tw,kf. 

41. 39 or 40  

42. 6 and 41 

43. exp Mass Screening/ 

44. (screen or screening).tw,kf. 

45. 43 or 44 

46. 42 and 45 
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APPENDIX II – Data Extraction Sheet 

 

Name of reviewer: 

Date: 

Study ID (first author, year): 

Notes: 

 

Article’s title  

Type of study 

1. Randomized, controlled clinical trial / survey / observational …? 

 

2. Was the study designed to evaluate the clinical utility of new prognostic 

test, or was it a secondary analysis of data collected for other purposes? 

 

3. Funding source: 

 

4. To what phase does the study belong: Phase 1- screening /Phase 2- after 

positive biopsy/Phase 3- after negative biopsy/ Phase 4- add treatment  
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5. What was the testing scenario?   

(Is there in the study a comparison between cases and controls? Did the 2 

groups have similar characteristics?) 

 

 

 

 

Study population 

6. Country and year where the study was conducted: 

  

7. Number of subjects enrolled: 

 

8. Number of subjects completed the study: 

 

9. Duration of study: 

 

10. Characteristics of subjects:  

 

 

 

11. Inclusion /exclusion criteria: 



102 
 
 

 

 

 

12. Were the patients selected by the physician or randomly assigned? 

 

 

13. Did the sample represent patients that would be tested in clinical 

practice? 

 

 

14. Is there a concern for selection bias (systematic differences between 

baseline characteristics of the groups that are compared), explain:  

 

 

 

Intervention 

15. What is the used intervention?  

 

 

 

16. Were investigators/physicians  blinded to the test results? 
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(when they gave their first recommendation they didn’t know about test 

results) 

 

 

Outcome 

17. What are the outcomes studied?  

 

 

 

 

Outcome assessment  

18. How were the outcomes assessed? 

 

 

 

Results 
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APPENDIX III –Quality appraisal tool 

Name of reviewer: 

Date: 

Study ID (first author, year): 

Notes: 

Scoring procedure: 0 if ‘‘not clear’’ or ‘‘not a relevant item’’ or “not good quality”, 1 for ‘‘good 

quality’’, 2 for ‘‘excellent quality’’. 

Article’s title  Score 

Type of study  

1. Was the study designed to evaluate the clinical utility of the new 

prognostic test, or was it a secondary analysis of data collected for other 

purposes? 

2. Were there conflicts of interest? (0 if there is a conflict/ 2 if no conflict) 

 

Study population  

3. Was the clinical population clearly described including inclusion and 

exclusion criteria and subject participation? 

4. How were the patients assigned to the chosen intervention?  Were they 

selected by the physician or randomly assigned?  

5. Is there a concern for selection bias (systematic differences between 

baseline characteristics of the groups that are compared)? 

6. Did the sample represent patients that would be tested in clinical 
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practice? 

Intervention  

7. Were the prognostic tests clearly described and conducted using a 

standardized, reliable, and valid method?  

8. Was the test used and interpreted the same way by all sites/studies 

including any indeterminate test results? (Did they do and interpret as 

standards/ manufacturer says) 

9. Were investigators blinded to the test results? 

 

Outcome  

10. Was the outcome being predicted clearly defined?  

Outcome assessment   

11. Was the outcome being predicted ascertained using a standardized, 

reliable, and valid method? (For example if there is a change in treatment, 

did a third party assess the change?) 

12. Did everyone in the samples have a common starting point for follow up 

with respect to the outcome of interest including any treatments that 

could affect the outcome being predicted? (Did the patients receive any 

treatment /intervention that could affect the results/outcomes “ DRE 

timing, 5-α-reductase inhibitors …/Were all the patients from same phase 

or were the patients who did the test from low risk group and who didn’t 

from high risk group  overestimation since high risk groups are less 
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likely to change treatment) 

13. Is there a concern for performance bias (systematic differences between 

groups in the care that is provided, or in exposure to factors other than 

the interventions of interest)? 

14. Is there a concern for detection bias (systematic differences between 

groups in how outcomes are determined)? 

Follow-up  

15. How complete was the follow up of subjects, and were losses to follow up 

related to the test results or the outcome being predicted? Was the 

duration of follow up adequate? (If no follow up in a study where there is 

no need for follow up, then the answer is 0 not applicable) 

16. Is there a concern for attrition bias (systematic differences between 

groups in withdrawals from a study, e.g. data not available or exclusions)? 

 

17. Is there a concern for reporting bias (systematic differences between 

reported and unreported findings, e.g. are both significant and non-

significant differences reported)? 

 

 

 

Based on checklist published in Rector et al. 
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