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Abstract

CONTEXT—Active surveillance (AS) is an important strategy to reduce prostate cancer 

overtreatment. However, the optimal criteria for eligibility and predictors of progression while on 

AS are debated.

OBJECTIVE—To review primary data on markers, genetic factors and risk stratification for 

patient selection and predictors of progression during AS.

EVIDENCE ACQUISITION—Electronic searches were conducted in PubMed, Embase and 

CENTRAL from inception to April 2014 for original articles on biomarkers and risk stratification 

for AS.

EVIDENCE SYNTHESIS—Patient factors associated with AS outcomes in some studies include 

age, race, and family history. Multiple studies provide consistent evidence that lower percent free 

PSA, higher Prostate Health Index (phi), higher PSA density and greater biopsy core involvement 

at baseline predict a greater risk of progression. During follow-up, serial measurements of phi, 

PSA density, and repeat biopsy results predict later biopsy progression. While some studies have 

suggested a univariate relationship between urinary PCA3 and TMPRSS2:ERG with adverse 

biopsy features, these markers have not been consistently shown to independently predict AS 

outcomes. At this point, there is no conclusive data to support the use of genetic tests in AS 

Limitations of these studies include heterogeneous definitions of progression and limited follow-

up.
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CONCLUSIONS—There is a growing body of literature on patient characteristics, biopsy 

features, and biomarkers with potential utility in AS. More data are needed on practical 

applications such as combining these tests into multivariable clinical algorithms and long term 

outcomes, to further improve AS in the future.

PATIENT SUMMARY—Several PSA-based tests (free PSA, Prostate Health Index, PSA 

density) and the extent of cancer on biopsy can help to stratify the risk of progression during AS. 

Investigation into several other markers is underway.

INTRODUCTION

Prostate cancer (PCa) affects many men worldwide, with an estimated 899,000 diagnoses 

and 258 000 deaths in 2008.(1) Randomized trials have shown a positive effect of screening, 

with reductions in disease-specific mortality up to 21–30% (2, 3). Screening and early 

detection also lead to diagnosis of clinically insignificant disease (4), which may result in 

overtreatment and long-term effects on quality-of-life (4). Active surveillance (AS) is an 

important solution to reduce overtreatment (4). The underlying concept is to identify men 

with disease whose likelihood of progression is low without treatment and intervene only in 

those with disease progression during follow-up (5). The rationale is that most low risk PCa 

have an indolent course and the slow growth rate allows sufficient time during follow-up to 

detect cancers destined to become more aggressive during a window of curability (5). The 

long-term safety and effectiveness of AS depends on our ability to select appropriate 

patients and trigger delayed treatment when needed, while avoiding intervention in the 

remainder (6). Key questions are how to select patients for AS and how to detect disease 

progression and need for definitive treatment. Previously, van den Bergh et al (7) published 

an overview of 30 studies on clinical tools for AS patient selection and monitoring. To our 

knowledge, no comprehensive systematic review has yet been done examining patient 

factors, biopsy factors and markers that contribute to risk stratification in AS cohorts. In this 

systematic review, we provide that.

EVIDENCE ACQUISITION

We used PubMed, Embase and the Cochrane Central Register of Controlled Trials 

(CENTRAL) to perform electronic searches on biomarkers, genetics and risk stratification 

for patient selection and predicting progression on AS. Our search included any entries from 

inception to 4/2014 with no language restrictions and we followed the PRISMA 

methodology (see Appendix 1 for search strategy). All experimental and observational study 

designs containing primary data in AS populations were eligible for inclusion, including but 

not limited to controlled clinical trials, statistical modeling, case series, case-control, and 

cohort studies. Conference proceedings using these study designs were also included as per 

the Cochrane Handbook; whereas, we excluded comments, editorials, review articles, and all 

studies that were not performed in an AS population (e.g., studies in radical prostatectomy 

or watchful waiting populations). Articles evaluating different variables within the same 

institutional active surveillance program as another article were allowed if they provided 

unique data.
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Results of the search & selection of studies

The initial search resulted in 2723 citations (Figure 1). After electronic removal of 

duplicates, 2176 citations remained. After initial title screening and manual de-duplication, 

998 references remained for abstract review. Four authors (SL, SB, SC and MR) selected 

initial studies based on inclusion criteria by abstract screening. These studies were initially 

categorized into three categories: excluded, included, and possibly relevant. Included and 

possibly relevant studies were rescreened by three authors (SL, SB, MR) to confirm 

eligibility. 855 were removed for not meeting core inclusion criteria (not relevant to the 

topic not original research). All authors then participated in full-text screening for the 

remaining 143 citations identified by abstract review and an additional reference found by 

manual search of reference lists. Following full-text review, 61 citations were ultimately 

included in the evidence synthesis (Figure 1).

Data Extraction & Synthesis

Data were extracted by the research team using a standard form including the following 

themes: population, sample size, study design (prospective cohort, retrospective, etc.), aim 

of the study (selection of candidates, predictors of progression, or both), statistical methods 

(univariate, multivariate, etc.), type of marker tested, primary results, secondary results, 

limitations, and conclusions. We did not perform a formal assessment for bias or 

heterogeneity between studies for a complete systematic review.

After data extraction, data were synthesized by the research team. The primary outcomes of 

interest were baseline and longitudinal parameters to predict AS eligibility and progression 

(according to various definitions), respectively. For the evidence synthesis, studies were 

broadly grouped into those dealing with patient factors, clinical/biopsy factors, PSA 

derivatives, and genetics/genomics. For the purpose of this review, other types of tests such 

as MRI with potential use in AS and those that have not been tested in an AS population 

were not included.

EVIDENCE SYNTHESIS

Characteristics of the studies (appendix 2)

Of the 61 studies selected for inclusion, 53 were full-text published papers and the 

remaining 8 were conference abstracts. Overall, 14 were retrospective and 47 prospective. 

The eligibility criteria used for AS in published studies varied considerably, but many 

included PSA, clinical T-stage, Gleason score (GS), number of positive cores, and/or 

maximum cancer involvement. Table 1 provides an overview of the clinico-pathologic 

variables and biomarkers for risk stratification, organized by study/author and appendix 3 

provides a summary of the statistical significance of these variables and biomarkers for risk 

stratification, organized by type of predictor.

Patient factors

In several papers, race was a risk factor for upgrading, biopsy reclassification and 

discontinuation of AS for treatment (8–12). The risk of progression was significantly 

increased in African American (AA) men. Using data from the prospective Johns Hopkins 
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AS cohort (n=1801), Sundi et al (10) showed that AA men (n=256) with very low risk PCa 

were at significantly higher risk of grade reclassification compared to Caucasians. They 

concluded that, if the goal of AS is to monitor men with low grade disease, AA men may 

require alternative selection criteria. Cohn et al (11) similarly showed that AA race was a 

significant predictor of reclassification confirmation biopsy, along with perineural invasion, 

body mass index (BMI), PSA density and number of positive cores at diagnostic biopsy. 

However, in other studies race was not a significant predictor of surveillance biopsy 

outcome or conversion to active treatment (10, 13–18). For example, Smith and colleagues 

(14) investigated in a small study (n=71) the predictive value of race, baseline PSA, baseline 

grade, stage, age, and core length for positive second biopsy (cancer found), and the only 

significant variable was initial cancer core length.

Age has also been examined in many studies for predicting AS progression. Some showed a 

significant relationship between age with PSA evolution, biopsy reclassification, disease 

progression and risk of all-cause versus prostate cancer mortality (12, 13, 17, 19–23). 

Meanwhile, others found age not to be a significant contributor (5, 8, 9, 14–18, 24–35). 

Fleshner et al (13) reported that the relative risk of pathological progression (GS>6, >4 cores 

positive, or >50% core involvement) and disease progression (defined as treatment 

initiation) increased with higher age, higher baseline PSA, lower baseline prostate volume, 

and positive family history. Family history was also included by San Francisco et al. (36) in 

a risk score with PSA density to predict biopsy progression and Valeri et al. (37) reported 

that young men with a strong family history were less likely to have insignificant disease 

compared to the general population. On the contrary, Iremashvili and colleagues (9) aimed 

to identify clinical and demographic characteristics associated with an increased probability 

of progression and found no significant association for age, family history or baseline PSA. 

Several other studies also showed no relationship between family history with PSA growth 

(38), high grade disease (18), Gleason 4 (33), or time to treatment (39).

Only a few studies included BMI as a potential predictor of reclassification (10, 11), PSA 

growth (38), or time to active treatment (17), of which one found a significant association 

(11). Similarly, Iremashvili et al (9) did not find a significant relationship between metabolic 

syndrome components with increases in grade or extent of cancer on surveillance biopsy. In 

summary, age is an important factor in treatment selection and some studies suggest an 

increased risk of progression in AA men. There is conflicting data on the role of family 

history and BMI for AS risk stratification.

Biopsy factors

Several tumor and biopsy factors have been evaluated for an association with disease 

progression on AS: clinical stage, prostate volume, GS, number of biopsy cores, number of 

positive cores, maximum percentage of tumor involvement, and core length.

Many papers investigated the role of GS in relation to AS outcomes including PSA changes, 

disease progression, and time to treatment (12, 15, 17, 20, 23, 24, 29, 31, 32, 38, 40–44). A 

limited number of AS studies included men with GS >6, and Van den Bergh et al (41) 

reported that men with GS 7 PCa meeting all other AS criteria (PSA≤10, PSAD <0.2, 
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T1c/T2 and ≤2 positive cores) had better 6-year treatment-free survival compared to GS 7 

PCa not meeting the other AS criteria (100% versus 34%, respectively).

The extent of cancer on biopsy such as number of positive cores, cancer length and/or 

percentage of core involvement were also shown in the majority of studies to be important 

predictors of disease progression or the probability of remaining on AS (5, 9, 11, 14, 19, 21, 

24, 25, 27, 32, 35, 40, 45–47). Bul et al (19) showed that the strongest predictors for short-

term biopsy reclassification (> 2 positive cores or GS >6 at repeat biopsy) were PSA density 

and the number of positive cores (2 versus 1). One recent study by Sternberg et al (21) 

created a nomogram for progression on AS including age, clinical stage, PSA, number of 

positive cores at diagnosis, percent of positive cores at diagnosis, and number of positive 

and negative biopsies to date. Another study by Iremashvili et al (45) created a nomogram 

using race, PSA density and the total number of positive cores on diagnostic and first repeat 

biopsy to predict the probability of no progression on 2nd–4th repeat biopsies. Although 

nomograms may provide handy tools for multivariable risk stratification, external validation 

is necessary. Several other studies found no significant between the extent of cancer on 

biopsy and disease progression or the probability of remaining on AS (11, 24, 26, 28, 30, 34, 

42, 44, 45, 48, 49).

Eggener et al (27) investigated the predictive value of age, PSA, clinical stage, prostate 

volume, and findings from diagnostic (pre-AS) and restaging biopsy in relation to the 

probability of remaining on AS. More positive cores on pre-AS biopsy, and the presence and 

extent of cancers on restaging biopsy, predicted a lower probability of remaining on AS 

(27). Many other studies have reported on the value of restaging biopsy. For example, 

Fromont et al. (50) reported that 1/3 of men were no longer eligible for AS on confirmatory 

biopsy. Other studies reported a positive confirmatory biopsy as a risk factor for subsequent 

progression (48, 51), while negative confirmatory biopsy is a favorable prognostic factor 

(26).

Finally, it is noteworthy that studies from most large surveillance programs worldwide have 

examined biopsy reclassification as a combination of upgrading and volume progression (9, 

11, 19, 22, 28, 32, 36, 52–54), with few studies distinguishing the two (10, 55) Nevertheless, 

in 555 men from a prospective AS cohort, Komisarenko et al (56) found that patients with 

volume progression (>4 cores or >50% core involvement) were significantly more likely to 

have upgrading (GS ≥7) on subsequent AS biopsy versus those without volume progression 

(33.3% to 12.7%, P=0.003, respectively). However, only univariate analysis was reported. In 

summary, men with a greater extent of cancer on the initial biopsy are more likely to 

progress, and the presence and extent of prostate cancer on confirmatory biopsies also has 

strong prognostic significance.

PSA derivatives

Many papers provided more insight into PSA derivatives as markers in AS including: total 

PSA, %free PSA, PSA velocity (PSAV), PSA doubling time (PSADT), PSA density 

(PSAD), proPSA and the Prostate Health Index (phi).
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Numerous papers examined the association between PSA and upgrading and/or increased 

tumor extent on biopsy with conflicting results (appendix 3). Many other studies evaluated 

PSA as a predictor of progression/conversion to active treatment.

There are also many studies on PSA kinetics during AS (12–16, 19, 20, 22, 23, 25, 29, 31, 

32, 35, 36, 47, 51, 57–63). A major problem with many studies is the use of PSA as both an 

entry criterion (predictor) and also in the definition of progression/indications for 

intervention (outcome), creating a self-fulfilling prophecy. A patient with higher PSA at the 

time of treatment is more likely to have a higher PSA at the next measurement. Adamy et al 

(48) carried out an empirical demonstration of this circular reasoning and performed a study 

in which AS inclusion criteria was based on modified Epstein criteria, including a PSA ≤ 

10ng/mL. When the authors defined progression as “no longer met inclusion criteria,” 

61/238 patients would have been deemed to progress on AS, but excluding PSA from the 

definition, only half (n=32) would have progressed.

Khatami et al (60) evaluated the role of PSADT as a tool for selecting patients for AS. In a 

Cox model adjusted for PSA, ratio-free PSA and amount of cancer in biopsy, only the 

preoperative PSADT was a statistically significant predictor of PSA relapse after radical 

prostatectomy. However, the PSADT for men on AS was calculated using PSA at diagnosis 

and the latest PSA before active treatment or last follow-up. Thus, the Cox model included a 

predictor (PSADT) which was not known at baseline. Therefore, this study does not help 

inform patient selection since future PSA data are not known at the time of initial treatment 

decisions (64). Similarly, Soloway et al (31) reported that PSADT was a significant 

predictor for progression. However, the definition for progression in this study included both 

biopsy progression and PSA increases.

Many other studies have evaluated PSA kinetics during AS only using biopsy endpoints for 

progression. In men from the Johns Hopkins AS program, Ross et al (59) reported that 35% 

developed biopsy progression at 2.9 years median follow-up, and neither PSAV nor PSAD 

was a significant predictor on univariate analysis. Venkitaraman et al (32) reported that PSA 

density and maximum tumor involvement were predictors of histological disease 

progression (primary GS 4 or greater, >50% positive cores or GS increase from ≤6 to ≥7), 

but PSAV did not reach statistical significance on multivariate analysis (p=0.069). Whitson 

et al (22) revealed that PSADT was not significantly associated with risk of biopsy 

progression (grade and/or volume increase).

Iremashvili et al (61) showed that while PSADT was not associated with biopsy progression, 

PSAV significantly predicted tumor progression in certain subgroups, including men 

undergoing their fourth or later surveillance biopsy. However, in the overall population there 

was no significant increase in predictive accuracy compared to PSA alone. San Francisco et 

al (36) found that PSAV along with PSA density and family history highly predicted 

progression (≥3 positive cores, GS≥ 7 and/or >50% core involvement) (36). Finally, a recent 

study by Patel et al (16) examined PSAV risk count (number of times that PSAV exceeded a 

threshold of 0.4 ng/ml per year) as predictor of AS progression, which was shown to 

outperform standard PSA velocity. Overall, the 5-year probability of reclassification on 

biopsy (defined as GS> 6, ≥ 3 positive cores and >50% core involvement) was 9.7%, 18.7%, 

Loeb et al. Page 6

Eur Urol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and 39.5% with risk counts of 0, 1, and 2 (p<0.01), and men with a risk count >1 (indicating 

at least 2 serial PSAV>0.4 ng/ml/year) had 4 times greater risk of reclassification on 

multivariable analysis. Meanwhile, the negative predictive value for reclassification in the 

next year was 91% for men with a risk count of 0–1, suggesting a potential means to reduce 

invasive biopsies if confirmed. It is important to note that risk count was only useful after 

the initial 2 years of AS on subset analysis.

In summary, the data on PSA kinetics for predicting AS progression are very mixed. While 

they may be used to prompt further diagnostic investigation, such as clinical evaluation, 

MRI and/or biopsy, their utility as a stand-alone trigger for intervention is questionable 

during the first few years. However, further study is warranted to evaluate a possible role for 

PSA velocity or risk count as a noninvasive predictor of underlying histologic progression 

for men who have been stable on AS for several years.

Conversely, several papers have demonstrated that PSAD predicts GS upgrading on serial 

biopsies during AS for apparent low-risk disease (5, 9, 11, 15, 19, 25, 26, 32, 33, 36, 42, 43, 

45, 47, 53, 54). D’all Era et al (15) reported that PSA density >0.15 at diagnosis and 

increasing GS on repeat biopsy were significantly associated with receipt of secondary 

treatment. Further, Barayan et al (53) found that a PSAD >0.15ng/ml/cc is an important 

predictor for disease progression. San Francisco et al (36) concluded that 

PSAD>0.08ng/ml/cc at first rebiopsy was a significant predictor of subsequent progression. 

However, a drawback to using PSAD is the inaccuracy of assessing prostate volume by 

TRUS (65). In addition, PSAD was not a significant predictor of unfavorable biopsy in some 

studies including other new PSA-based measures which do not require prostate volume, 

such as proPSA and PSA velocity risk count (5, 16, 24, 30, 34, 44, 48).

Finally, several studies showed significant associations between unfavorable tumor 

pathology with %free PSA, [−2]proPSA, and the phi test combining total, free and 

[−2]proPSA (5, 28–30, 34, 36, 44, 55). Tseng et al (5) investigated the predictive value of 

age, PSA, PSAD, %fPSA, number of positive cores, maximum percentage core 

involvement, and diagnosis year for progression. Baseline variables that predicted 

progression on multivariate analysis were %fPSA<=15% and maximum percentage of core 

involvement >=35%. The authors concluded that initial %fPSA and maximum percentage of 

core involvement can risk stratify for AS biopsy outcome at 1 yr, suggesting that these 

baseline markers could also be used to confirm optimal eligibility. A prospective study of 

PSA isoforms was reported by Tosoian et al (55) in men from the Johns Hopkins AS 

program. Baseline and longitudinal %fPSA, %[2]proPSA, [2]proPSA/%fPSA and phi 

measurements were significantly associated with biopsy reclassification during 4.3 years 

median follow-up. Of all parameters, %[2]proPSA and phi provided the greatest predictive 

accuracy for reclassification to high grade cancer. For example, the C-index for biopsy 

reclassification was 0.79 using baseline phi and 0.82 using longitudinal phi measurements, 

suggesting utility in patient selection and predicting progression. Recently, the use of 

[−2]proPSA and phi were validated in a prospective Japanese AS population. Specifically, 

Hirama et al (28) showed that baseline [−2]proPSA and phi predicted pathological 

reclassification at 1 year.

Loeb et al. Page 7

Eur Urol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Genetics/Genomics and Other Factors

Two urine markers that have recently been examined are PCA3 and TMPRSS2:ERG fusions 

(18, 33, 66). Lin et al (18) found that on univariate analysis, urinary PCA3 and 

TMPRSS2:ERG were significantly associated with higher volume disease and higher-grade 

disease; however, they were not significant on multivariate analysis. Furthermore, PCA3 

and TMPRSS2:ERG together were not superior to PSA alone in predicting high-grade 

disease. Cornu et al (33) investigated the predictive value of urine PCA3, TMPRSS2:ERG, 

genotypes for rs1447295 and rs6983267 (on 8q24), testosterone and other clinical variables 

in relation to GS 4 on biopsy. Multivariable analysis showed that PCA3 was significantly 

associated with GS 4 as was PSAD and there was marginal significance for 

TMPRSS2:ERG. The 8q24 SNPs were not predictive of GS 4. They concluded that urine 

markers like PCA3 and TMPRSS2:ERG may help predict risk of more aggressive disease in 

certain subgroups. Tosoian et al (66) examined urinary PCA3 in men with very low risk 

cancer from the prospective Johns Hopkins cohort. PCA3 had poor discrimination (AUC 

0.589), and was not significantly associated with short-term biopsy progression on 

multivariate analysis after accounting for age and diagnosis date (p=0.15). Overall, despite a 

univariate association of urinary PCA3 and TMPRSS2:ERG with higher risk features in 

some studies, there is a lack of definitive data showing incremental predictive accuracy 

compared to existing tools (18, 66). Whether there is any role for these markers in risk 

assessment during AS requires further study. A different set of urinary markers was 

evaluated by Venkitaraman et al. (67), who found no significant relationship between levels 

of phytoestrogens with biopsy progression.

Finally, a few studies have examined potential tissue markers. In a contemporary AS 

population, Berg et al (24) found that tissue overexpression of ERG measured by 

immunohistochemistry identifies AS patients with an increased risk of disease progression. 

The 2-year cumulative incidence of AS progression was 21.7% in ERG negative versus 

58.6% in ERG positive patients, and ERG was a significant predictor of progression on 

multivariate analysis. Isharwal et al showed that the DNA content in the benign adjacent and 

cancer tissue areas was a significant predictor of AS biopsy reclassification on multivariate 

analysis, along with serum [−2]proPSA and phi (34) It was suggested that DNA content 

reflects upregulation of proliferation-related genes. A limitation of this study was a small 

number of men (n=71) with both serum and tissue specimens to evaluate both types of 

markers.

Limitations

A limitation of this synthesis is that definitions of progression vary widely in the literature, 

ranging from changes in PSA and/or DRE to increases in stage, grade and/or tumor volume 

on biopsy. However, early upgrading on repeat biopsy could imply initial sampling error 

(reclassification), whereas later upgrading may better reflect tumor dedifferentiation.(68) In 

addition, there have been changes to Gleason grading over time. Also, the current study did 

not address multiparametric MRI, which is emerging as a promising tool for AS selection 

and monitoring. Many other new markers such as 4K, Prolaris and Oncotype Dx prostate 

were not included in this systematic review, because they have only been evaluated in 

biopsy or radical prostatectomy cohorts, but not in AS cohorts. It is possible that a 
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combination of markers may be used for AS in the future. However, additional data on 

incremental predictive value, cost and logistical considerations are also important. Finally, 

most studies have only short to intermediate follow-up for marker evaluation and additional 

follow-up is needed to examine their relationship to long-term disease-specific outcomes.

CONCLUSION

This review summarized patient and tumor factors as well as biomarkers to help select 

patients to AS and predict progression during AS. At the time of the initial decision to enroll 

in AS (baseline), many different factors have demonstrated utility at predicting future risk of 

progression. These include PSA density, percent free PSA, phi, and the extent of cancer on 

biopsy (number of positive cores or percentage core involvement). Other patient factors that 

can be considered for patient selection include age, race, and possibly family history. For 

patients undergoing AS, subsequent measurements of PSA density, phi, and restaging 

biopsies have all been shown to provide independent information on the risk of later 

progression. The literature on PSA kinetics during AS is limited by methodological flaws in 

many published studies. Based on currently available data, PSA kinetics seem to offer 

limited incremental predictive value for AS outcomes in the short-term. The PSAV risk 

count may be of aid in predicting late recurrence (after >2 years on AS). Multiple studies 

have failed to demonstrate independent predictive value of urinary PCA3 and 

TMPRSS2:ERG to predict progression on AS. Less has been published on tissue-based 

markers in AS populations, which is an important direction for future study. Finally, these 

data support a multivariable approach to patient selection and risk stratification for AS.
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Fig. 1. 
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