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Abstract

Active surveillance (AS) has emerged as a standard management option for men with very low-

risk and low-risk prostate cancer, and contemporary data indicate that use of AS is increasing in 

the United States and abroad. In the favorable-risk population, reports from multiple prospective 

cohorts indicate a less than 1% likelihood of metastatic disease and prostate cancer-specific 

mortality over intermediate-term follow-up (median 5 to 6 years). Higher-risk men participating in 

AS appear to be at increased risk of adverse outcomes, but these populations have not been 

adequately studied to this point. Although monitoring on AS largely relies on serial prostate 

biopsy, a procedure associated with significant morbidity, there is a need for improved diagnostic 

tools for patient selection and monitoring. Revisions from the 2014 International Society of 

Urologic Pathology consensus conference have yielded a more intuitive reporting system and 

detailed reporting of low-intermediate grade tumors, which should facilitate the practice of AS. 

Meanwhile, emerging modalities such as multiparametric magnetic resonance imaging and tissue-

based molecular testing have shown prognostic value in some populations. At this time, however, 

these instruments have not been sufficiently studied to consider their routine, standardized use in 

the AS setting. Future studies should seek to identify those platforms most informative in the AS 
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population and propose a strategy by which promising diagnostic tools can be safely and 

efficiently incorporated into clinical practice.

Active surveillance (AS) of prostate cancer with curative intent was described in the 

mid-1990s, and early AS experiences were reported in 2002.1,2 Under the AS approach, men 

with favorable-risk cancers are monitored, and curative intervention is pursued upon 

evidence of higher-risk disease. Over the last 2 decades, AS has emerged as a standard 

management option for men with very low-risk and low-risk prostate cancer.3,4 Observations 

from two large, prospective AS cohorts reach nearly 20 years of follow-up and indicate very 

low likelihood of metastatic disease or prostate cancer-specific mortality in appropriately 

selected men.5,6 Despite its utility in reducing overtreatment, AS is not without morbidity.7 

The contemporary practice of AS remains largely based upon frequent clinical examination, 

serum prostate-specific antigen (PSA) testing, and prostate biopsy,8 a procedure associated 

with patient discomfort and serious complications including infection.9,10 Furthermore, 

these methods lack sensitivity for detection of higher-risk disease, as evidenced by the 

substantial proportion of men meeting AS criteria who demonstrate high-risk features at 

radical prostatectomy.11,12

As such, there is a significant need for more accurate methods of patient selection and 

monitoring. An ideal diagnostic tool would impart valuable diagnostic and prognostic 

information with limited associated morbidity at a reasonable cost. While the ideal platform 

does not currently exist, advances in technology and improved understanding of the 

molecular basis of prostate cancer have initiated progress toward that goal.13–16 For 

example, the use and utility of multiparametric MRI (MRI) of the prostate has increased 

substantially in recent years.17 Furthermore, clinically validated molecular tests have 

established a prognostic role in some clinical contexts.18 These platforms, along with a 

recently updated system of pathologic grading, present a unique opportunity to improve the 

practice of AS.19,20 This article aims to review the contemporary practice of AS, including 

trends in use, outcomes, pathologic grading, MRI, and tissue-based molecular testing.

 Trends in use of active surveillance

Although the AS approach was previously underutilized,21,22 recent data from multiple 

countries have confirmed increasing use, corresponding with its inclusion in multiple 

national guidelines and the availability of more data on long-term outcomes.4–6 In the 

United States, as of 2006, only 10% of low-risk prostate cancer were managed 

conservatively.23 Since that time, however, there has been a major expansion in use. By 

2011, the New Hampshire State Cancer Registry reported that 42% of low-risk patients there 

were managed expectantly.24 In a large registry from Michigan, 49% of low-risk prostate 

cancers diagnosed in 2012-2013 were managed on AS.25 Finally, new data from the 

CaPSURE clinical practice registry reported an increase in conservative management up to 

40% of low-risk cases from 2010 to 2013.26 Similarly, studies from Canada have reported a 

reduction in the proportion of low-risk cases undergoing radical prostatectomy.27

Corroborative findings have been observed in several European studies. In the National 

Prostate Cancer Register of Sweden, from 2007 to 2011, AS was selected by 59% of very 
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low-risk patients and 41% of low-risk patients.28 Meanwhile, data from Germany 

demonstrated a decline in the proportion of men with Gleason 6 disease at radical 

prostatectomy from 2000 to 2014.29 Despite these favorable trends suggesting a reduction in 

the overtreatment of low-risk prostate cancer, there continues to be substantial variability in 

management patterns between and within various clinical practice settings.30,31 

Furthermore, in some parts of the world, the use of AS continues to remain more limited.32 

Nevertheless, the indications for AS continue to expand in national guidelines,33 and it can 

be expected that this management paradigm will become increasingly offered for favorable-

risk disease in the future.

 Outcomes of active surveillance

The modern approach to AS was first described in 1995, and numerous programs have now 

reported follow-up outcomes at 5 years and beyond.8 In Toronto, Klotz et al.5 initiated a 

program of AS aimed at low-risk and select intermediate-risk patients. Their monitoring 

protocol includes PSA measurements every 3 months for 2 years then every 6 months, with a 

confirmatory biopsy during the first year and then every 3 to 4 years until age 80. 

Intervention was initially recommended for histologic upgrading on rebiopsy and/or PSA 

doubling time less than 3 years, but PSA changes now trigger additional work-up rather than 

immediate intervention. The most recent update of this cohort was published in 2015, with a 

median follow-up of 6.4 years, ranging up to 19.8 years. Of the 993 men to enroll in the 

program since 1995, 28 (2.8%) developed metastases and 15 (1.5%) died from prostate 

cancer. Meanwhile, treatment rates at 10 and 15 years were 36% and 45%, respectively.

More recently, extended follow-up was reported from the Johns Hopkins AS program, which 

was also initiated in 1995.6 This program aims to enroll very low-risk patients with a PSA 

density <0.15, clinical stage T1c, and Gleason score ≤6 in a maximum of 2 cores with ≤50% 

cancer involvement in any core. The protocol includes PSA and digital rectal examination 

(DRE) every 6 months and yearly prostate biopsy. At most recent analysis, the cohort was 

composed of 71% very low-risk and 29% low-risk men. Triggers for treatment included an 

increase in grade (Gleason >6) or volume of cancer on biopsy. The 10- and 15-year 

cumulative incidence of treatment was 50% and 57%, respectively, with a median treatment-

free survival of 8.5 years. Meanwhile, 15-year metastasis-free and cancer-specific survival 

rates were 99.4% and 99.9%, respectively. Table 1 presents published data from these two 

large prospective cohorts.

Other U.S. centers have similarly reported intermediate-term outcomes from AS. At the 

University of California San Francisco, 810 men have been managed with AS based on 

quarterly PSA testing, repeat biopsy within 12 months, and follow-up biopsy every 1 to 2 

years depending on medical risk.34 Of these men, 69% met strict eligibility criteria of PSA 

≤10 ng/ml, clinical stage T1/T2, Gleason score ≤6, ≤33% positive biopsy cores, and ≤50% 

involvement of any core with cancer. The authors reported a 5-year treatment-free survival 

of 60%, and there were no prostate cancer deaths during a median follow-up of 60 months.

At Royal Marsden in the United Kingdom, the eligibility criteria for AS include age 50-80, 

clinical stage T1/T2 disease, PSA <15 ng/ml, Gleason score ≤6 (as well as Gleason 3+4 in 
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men >65), and ≤50% positive biopsy cores.35 PSA and DRE are performed every 3 months 

in year 1, every 4 months in year 2, and every 6 months thereafter. A biopsy is performed at 

18 to 24 months from diagnosis and then every 2 years. Triggers for treatment are a PSA 

velocity >1 ng/ml per year, a Gleason score >3+4, and/or >50% positive cores on repeat 

biopsy. Among 471 men in the program, 323 (68.6%) remained on AS at a median follow-

up of 5.7 years, and there were 2 prostate cancer deaths.

Finally, 6-year follow-up data were reported for 439 men from the Göteborg randomized 

trial of prostate cancer screening who elected AS.36 The cohort composition was 51% very 

low risk, 36.7% low risk, 21% intermediate-risk, and 1.4% high risk. The monitoring 

protocol included PSA testing every 3 to 6 months and rebiopsy at varying intervals, 

depending on clinical characteristics. Nearly one-half of the cohort remained free from 

treatment at 10 years, and a single patient died of prostate cancer at 12.7 years from 

diagnosis. The most common reason for discontinuing AS was an increase in grade or 

cancer involvement on repeat biopsy, followed by increases in PSA.

In summary, these results demonstrate the durability and safety of AS with careful patient 

selection and follow-up. At 5 years, the majority of men enrolling in these programs remain 

free from treatment, allowing preservation of quality of life. Furthermore, the development 

of metastatic disease or prostate cancer death is rare within the first 10-15 years of AS. 

Available data suggest that inclusion of higher-risk men and less frequent monitoring biopsy 

may be associated with increased risk of adverse outcomes. An understanding of these 

principles is crucial to appropriate patient education and counseling.

 Updated International Society of Urologic Pathology grading and 

implications on active surveillance

In 1966, Donald Gleason37 developed the classification of prostatic carcinomas using the 

architectural pattern rather than cytology for assigning the grade. The underlying principles 

of the Gleason grading system and its contributions to prostate cancer clinical management 

retain relevance and influence over half a century from the time of its development. 

However, a number of new clinical and pathological discoveries, changes in prostate cancer 

screening and detection, and development of new methodologies justified revisions of the 

original grading system at the 2005 and 2014 International Society of Urologic Pathology 

(ISUP) consensus conferences.38,39

As it relates to AS, there are several major changes to the Gleason grading system. The 

reporting of Gleason scores 2-5 has virtually disappeared from current clinical practice. In 

Gleason’s original data, Gleason scores 2-5 were seen in 27.9% of patients.40 Pathologists 

rendered a diagnosis of Gleason score 2-4 in 22 to 24% of patients in the early 1990s 

compared with just 1.6 to 2.4% a decade later.41–43 Helpap et al44 demonstrated that from 

1996-2000 to 2005, reported Gleason scores 2-4 decreased from 2.7% to 0% and reported 

Gleason score 5 decreased from 12.2% to 0.3%.

Another major divergence from the original Gleason system is in the assignment of grade to 

cribriform glands. Within Gleason’s original illustrations of his cribriform pattern 3, he 
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depicts large cribriform glands.45 Cases graded prior to 2005 as Gleason pattern 3 included 

large cribriform glands that today would uniformly be called Gleason pattern 4.46,47 

Historically, a diagnosis of Gleason score 6 cancer was not as predictive of good behavior, 

with a higher rate of progression and some men even dying of prostate cancer.47,48 

Currently, it is recommended that all cribriform glands be considered as Gleason pattern 4. 

Ill-defined glands with poorly formed glandular lumina were not discussed or depicted by 

Gleason as either Gleason pattern 3 or 4. It was the consensus of the 2005 conference that 

poorly formed glands should not be considered Gleason pattern 3. Consequently, only 

individual well-formed glands are currently graded as Gleason pattern 3.

The consequence of the above changes is that contemporaneously graded Gleason score 

3+3=6 cancers are incapable of metastatic behavior.47 Although occasional publications -

usually from large prostate cancer databases- infrequently report otherwise, these reports are 

subjected to incomplete submission of the prostate for histologic examination, errors in data 

records, use of the older grading system, and lack of recorded tertiary patterns, among other 

limitations.49 Gleason pattern 3 in the setting of surrounding Gleason pattern 4 may have 

metastatic potential as recently shown in a case report supported by molecular evidence of 

the clonal origin of the lethal cancer from a focus of Gleason pattern 3 in the middle of 

higher-grade cancer.50

There has been a call to change the grading system for prostate cancer, replacing Gleason 

score 3+3=6 disease (and lower grades) with the term IDLE (Indolent Lesion of Epithelial 

Origin) to mitigate anxiety and curtail overtreatment of potentially indolent cancers.51 There 

exist numerous clinical and morphological reasons why Gleason pattern 3 should be 

classified as cancer.52 Rather than changing “Gleason score 6” to a noncancerous diagnosis, 

there is a need to change the confusing and inconsistent manner in which pathologic grade is 

reported. One of the major deficiencies of the current Gleason grading system is that the 

lowest grade assigned in the contemporary setting is 6, despite a scale ranging from 2 to 10; 

such practice implies that a Gleason score 6 is in the middle of the grading scale in terms of 

aggressiveness. Similarly, patients with Gleason score 3+4=7 may be overly concerned 

because a score of 7 is closer to the maximum score of 10 than the lowest score of 2.

To address these deficiencies with the original Gleason grading system, along with other 

problems not relevant to the practice of AS, a new grading system has been proposed. This 

system is founded in the original Gleason system, yet is based on extensive subsequent 

research that has improved the original system in its definition and application. If one were 

developing a new prostate cancer grading system de novo, the goal would be a simple 

system with the fewest number of distinct grades that can adequately represent established 

differences in prognosis.

The updated Grade Groups were originally developed in 2013 by Dr. Jonathan Epstein based 

on data from 7,869 patients who underwent radical prostatectomy at The Johns Hopkins 

Hospital.19 This contemporary grading system was subsequently validated in a cohort of 

20,845 patients from five academic institutions.20 Based on these data, the rates of 5-year 

biochemical recurrence-free survival for grade groups 1-5 based on radical prostatectomy 

grade were 96%, 88%, 63%, 48%, and 26%, respectively. The grade groups were also 
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predictive of outcomes based on biopsy grade when biopsy was followed by radical 

prostatectomy or radiation therapy. These grade groups were recently validated in a 

population-based setting using data from the National Prostate Cancer Registry of 

Sweden.53 With the new grading system, patients can be assured that they have a grade 

group 1 out of 5, which is the lowest grade, or a grade group 2 out of 5, which is still a 

relatively low grade. The new grades would, for the foreseeable future, be used in 

conjunction with the Gleason system. For example, Gleason score 3+3=6 is equivalent to 

grade group 1. These definitions are listed in Table 2.

Another recommendation of the 2014 ISUP Consensus conference was for pathologists to 

record the percentage of Gleason pattern 4 present in Gleason score 7 cancers. This 

recommendation is directly related to the practice of AS. Traditionally, low-volume Gleason 

score 3+3=6 cancers have been widely considered for a surveillance approach. Depending 

on patient age, comorbidity, and other clinicopathologic characteristics, however, there may 

be a proportion of Gleason score 3+4=7 cancers that could be reasonably considered for AS 

if pattern 4 disease is minimal. Currently, this information is not transparent in pathology 

reports, in which the percentage pattern 4 in Gleason score 3+4=7 cancers that could range 

from 1% to close to 50%. Based on these and other improvements, the new grading system 

has been accepted by the World Health Organizationfor the 2016 edition of Pathology and 

Genetics of Tumours of the Urinary System and Male Genital Organs.39,54

 Multiparametric MRI in active surveillance

Multiparametric MRI (mpMRI) offers the ability to detect, measure, and monitor prostate 

cancers in vivo, as well as direct biopsies to a specific target or lesion.17 Currently, the main 

role of mpMRI in AS is to determine the appropriateness of patient candidates.55 For 

instance, patients with apparently small, low-grade tumors on random biopsy may in fact 

harbor larger, clinically significant cancers that would render them inappropriate for AS. If 

concerning lesions are detected on mpMRI, they can be accurately sampled using various 

image-guided methods such as transrectal ultrasonography (TRUS)/MRI fusion.

Multiparametric MRI has a high negative predictive value for intermediate- and high-risk 

prostate cancers. Thus, a negative MRI is good evidence that a clinically significant cancer is 

not present. Furthermore, when a lesion is seen, mpMRI can provide insight regarding tumor 

behavior.56,57 For instance, mpMRI has been used to predict Gleason scores mainly through 

apparent diffusion coefficient (ADC) values derived from diffusion-weighted MRI. 

Although there are strong inverse correlations between ADC and Gleason grade, mpMRI 

cannot at this time be considered a replacement for biopsy.58,59 Nevertheless, ADC values 

can provide useful information in stratifying patient risk prior to biopsy. For instance, a 

lesion with very low ADC values that is read as a low-grade tumor on biopsy should be 

considered for rebiopsy based on the high risk of such a lesion harboring a higher-grade 

tumor.

Despite its utility in lesion detection and targeting, mpMRI does not routinely appear in 

decision-making algorithms and clinical nomograms for AS. To date, there are no long-term 

prospective studies regarding the use of mpMRI in AS. Using a 220 patient cohort, Shukla-
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Dave et al60 developed a nomogram based on clinicopathological data and mpMRI findings; 

this nomogram demonstrated a high area under the receiver operating characteristic curve 

(AUC) of 0.854 for selecting patients appropriate for AS. A follow-up study of 181 patients 

revealed an AUC of only 0.738 for low-risk disease (defined as ≤pT2, Gleason grade<4, and 

tumor volume ≤ 0.5 cc) for those who underwent radical prostatectomy.61 The National 

Cancer Institute nomogram, which uses only mpMRI criteria, generated an AUC of 0.71 for 

predicting candidates for AS in a cohort of 85 patients, 60 of whom had very low-risk 

disease (≤cT1c, PSA density <0.15, biopsy Gleason score ≤6, ≤ 2 positive biopsy cores, and 

≤50% cancer involvement in any biopsy core).62 This nomogram was developed with biopsy 

pathology as an endpoint, which is a method that has not been validated. Thus, while 

mpMRI appears to provide some incremental value in selecting candidates for AS, it is far 

from perfect and remains limited by an inability to consistently detect clinically significant 

lesions, with reported false-negative rates of up to 16%.63

The utility of mpMRI in monitoring men on AS has not been well-established. Walton-Diaz 

et al64 reported a series of 58 patients on AS with a median follow-up of 16.1 months who 

underwent serial mpMRI with TRUS/MRI fusion-guided biopsy. Upgrading to Gleason 

score 3+4=7 was documented for 17 men (29%), and the positive and negative predictive 

values of mpMRI for Gleason score progression were 53% (95% CI, 28%-77%) and 80% 

(95% CI, 65%-91%), respectively. One recent retrospective study by Felker et al65 included 

49 consecutive men with Gleason score 6 prostate cancer who underwent mpMRI and 

targeted prostate biopsy at baseline and again more than 6 months later. Over a mean follow-

up of 28.3 months (range, 11-43 months), Gleason score progression occurred for 19 

patients (39%). The addition of serial mpMRI improved the detection of Gleason score 

progression during follow-up.

Preliminary data indicate that mpMRI and targeted biopsy provide incremental value in the 

selection of candidates for AS. Performing mpMRI prior to entering AS can reduce the 

number of inappropriate AS candidates by 29% (Figures 1 and 2).62 Once a patient has 

initiated AS, mpMRI can be useful in demonstrating lesion stability (Figure 3) but currently 

lacks the sensitivity to reliably detect higher-risk lesions during follow-up. As such, 

continued serial biopsies are recommended until mature data indicate that a stable mpMRI 

may in fact preclude subsequent biopsy. Ultimately, additional studies with longer follow-up 

are needed to establish the role of mpMRI in the context of monitoring. This practice will 

continue to evolve as larger studies are published.

 Molecular testing in active surveillance

Several molecular profiling tests have been presented for use in the AS setting. 

Unfortunately, these tools have yet to be prospectively assessed in AS populations or with 

repeat longitudinal measures. Based on existing data, however, some of which is derived 

from conservatively managed cohorts, it is both reasonable and biologically plausible to 

consider some molecular tests in the AS setting.18 Here we briefly review the molecular 

tests proposed for use in decisions about AS (Table 3).
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 Oncotype Dx: Genomic Prostate Score

The Oncotype Dx (Genomic Health, Redwood City, CA) genomic prostate score (GPS) 

measures expression of a 17-gene panel, including 12 genes from four pathways associated 

with carcinogenesis and five reference genes. Gene expression levels are incorporated into 

an algorithm yielding the GPS, which is measured from 0 to 100.66 GPS is then considered 

in the setting of traditional clinicopathologic risk categories to determine a predicted 

likelihood of favorable pathology. In an initial validation study, GPS from 395 men with 

low- to low intermediate-risk disease was incorporated with preoperative models including 

the Cancer of the Prostate Risk Assessment (CAPRA) score and National Comprehensive 

Cancer Network (NCCN) risk categories.67 In both models, a 20-unit increase in GPS was 

associated with an approximate twofold increased odds of adverse pathology at 

prostatectomy (model with CAPRA: odds ratio [OR] 2.1; 95% CI, 1.4-3.2; model with 

NCCN risk classification: OR, 1.9; 95% CI, 1.3-2.8), defined as primary Gleason pattern 4, 

any Gleason pattern 5, or non organ-confined disease. In a subsequent study of 402 men 

with low to intermediate-risk disease,68 a 20-point increase in GPS similarly conveyed a 

significant increase in risk of biochemical recurrence after treatment (hazard ratio [HR] 

2.93; 95% CI, 2.03-4.15; p<0.001) over a median follow-up of 5.2 years; GPS was also an 

independent predictor of biochemical recurrence (BCR) in multivariable models with 

baseline clinical factors. While the test is yet to be assessed in an AS cohort, one clinical 

utility study demonstrated a 10% increased use of AS when GPS scores were incorporated 

into clinical decision making.69 However, the long-term impact of these changes in 

management are unknown.

 Prolaris: Cell Cycle Progression

The Prolaris platform (Myriad Genetics, Salt Lake City, UT) is based on tumor cell 

proliferation as measured by quantitative reverse-transcription polymerase chain reaction of 

a 46-gene panel, consisting of 31 cell cycle genes and 15 housekeeping genes.70 The output 

is reported as a cell cycle progression (CCP) score categorized clinically as <0, 0-1, 1-2, 2-3, 

and >3. CCP scores were retrospectively assessed for 349 men conservatively managed 

within the Transatlantic Prostate Group.71 Ten-year rates of prostate cancer death associated 

with CCP score groups <0, 0-1, 1-2, 2-3, and >3 were 19.3%, 19.8%, 21.1%, 48.2%, and 

74.9%, respectively. In multivariable analysis, the CCP score (HR for one-unit change: 1.65; 

95% CI, 1.31-2.09), Gleason score >7 (HR 1.90; 95% CI, 1.18-3.07), and PSA (HR 1.37; 

95% CI, 1.05-1.79) significantly predicted prostate cancer death. Perhaps most pertinent to 

the AS setting, however, the CCP score was not independently predictive of death in men 

with Gleason score 6 cancers (HR 1.30; 95% CI, 0.61-2.77). Two subsequent analyses have 

been performed in treated populations. In one multi-institutional study of men treated with 

radical prostatectomy,72 a single-unit increase in CCP score on biopsy was associated with 

increased risk of BCR (HR 1.47; 95% CI, 1.23-1.76) and metastasis (HR 4.19; 95% CI 

2.08-8.45) on multivariable analysis. In men treated with radiation therapy, a one-unit 

increase in the CCP score was similarly associated with a twofold increased risk of BCR 

(HR 2.11; 95% CI, 1.05-4.25).73 Based on surveys of ordering physicians, use of CCP score 

led to a change in management selection in one-third to two-thirds of cases; however, as 

with the clinical utility studies of OncotypeDx, the long-term impact of these changes in 

management based on Prolaris results is unknown.74,75
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 ProMark

The ProMark test (Metamark Genetics Inc, Augusta, GA) is based on a quantitative 

proteomics profile uniquely designed to yield prognostic value regardless of sampling error. 

To do this, two tissue microarrays (TMAs) were derived from a series of prostatectomy 

specimens, one using the highest Gleason pattern observed in the specimen, and a second 

using the lowest.76,77 Both TMAs were tested using a 12-protein panel that demonstrated 

similar ability to discriminate tumor aggressiveness (Gleason score ≥7, pT3b, N1, or M1) 

based on the AUC (using the highest Gleason pattern: AUC, 0.70; 95% CI, 0.62-0.77; using 

the lowest Gleason pattern: AUC, 0.72; 95% CI 0.64-0.79).77 This initial panel was reduced 

to an eight-protein assay and validated for predicting unfavorable pathology (Gleason score 

≥4+3 or non organ-confined disease) in a cohort of matched biopsy and prostatectomy 

specimens.78 Remarkably, using a threshold score of less than 0.33 the test was 90% 

sensitive for predicting favorable pathology, and above a score of 0.8 the test was 95% 

specific for unfavorable pathology. On multivariable analysis, a score increase of 0.25 was 

associated with 3.1-fold increased odds of unfavorable disease (OR, 3.1; 95% CI, 2.2-4.4).

 Phosphatase and Tensin Homolog testing

The PTEN phosphatase and tensin homolog (PTEN) gene is located on chromosome 10q 

and functions as a tumor suppressor in the PI3K/AKT pathway.79 PTEN inactivation is an 

early event in carcinogenesis observed in up to 40% of prostate cancers. Specifically, PTEN 

loss appears to be associated with increasing likelihood of advanced grade and stage, as well 

as early recurrence after treatment.80–82 As such, PTEN loss detected by either fluorescence 

in situ hybridization or immunohistochemical staining has been proposed for prognostic use. 

One report from the Transatlantic Prostate Group investigated PTEN in men with 

conservatively managed prostate cancer with favorable disease characteristics.83 In the 

population of men with Gleason score <7, PTEN was highly predictive of prostate cancer 

death (HR 8.13; 95% CI, 2.8-23.2). Limiting its utility, however, PTEN loss was only 

present in 3% of this population. Other contemporary studies have described PTEN loss in 

11 to 12% of favorable-risk study populations.84,85 Findings from these studies have 

consistently supported an association between PTEN loss on biopsy and adverse 

clinicopathologic outcomes.84,85 Considering a strong correlation with poor outcomes but its 

less than 15% prevalence in potential AS candidates, there may be a role for PTEN testing 

whereby PTEN loss is considered a high-risk feature that may preclude management on AS.

 Current status of molecular testing

The true promise of molecular tests lies in their ability to both improve upon and expand 

beyond biopsy. In addition to practical considerations, the use of biopsy is limited by 

sampling error and a dependence on subjective grading.86 Conversely, Long et al86 have 

demonstrated consistent gene expression across multiple biopsy cores in a single patient, 

supporting previous work revealing limited variation in gene expression levels of highly 

expressed genes across multiple biopsy cores, including both malignant and benign stromal 

tissue.88 As others have noted, such consistent gene expression, despite tissue and tumor 

heterogeneity, supports the notion that one can be confident in the overall prostate biology 

based on analysis of a limited sample.89
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Certainly there are many reasons for optimism in exploring molecular tests in the AS setting. 

Contrary to pathological grading, molecular tests provide an objective result that remains 

consistent across institutions. Beyond the platforms discussed above, additional tests 

continue to emerge and may prove useful. For example, the Decipher genomic classifier 

(GenomeDx Biosciences, Vancouver, BC, Canada), which has been previously validated for 

predicting metastasis after surgery based on prostatectomy tissue,90–92 has more recently 

demonstrated prognostic value in biopsy specimens.93 At the same time, the majority of 

current evidence has been gleaned from retrospective analyses of cohorts that were not 

established with a surveillance approach in mind. Furthermore, these tests remain expensive 

and their incremental value in the context of other diagnostics such as serum markers and 

MRI is unknown. For example, the serum Prostate Health Index has demonstrated predictive 

ability using baseline and longitudinal samples in the AS setting and currently represents a 

less-invasive, more affordable option.94,95 Acknowledging the entirety of the data, we lack a 

definitive answer to the most fundamental questions about molecular testing: does it work, 

and is it cost-effective? Additional evidence for these important questions is necessary, and 

will ideally stem from prospectively designed studies.

 Active surveillance: present and future

An abundance of data indicate that the use of AS is rising rapidly and that it is a safe option 

to minimize overtreatment in men with favorable-risk prostate cancer.8 Nonetheless, based 

on current methods of patient selection and monitoring, more than one in five men eligible 

for AS will have evidence of more aggressive disease on prostatectomy.96 Conversely, some 

men who fail to meet conventional AS criteria may in fact harbor indolent cancers that will 

not threaten their quantity or quality of life. Thus, there is substantial need for more accurate 

diagnostic and prognostic tools to identify both those patients who are appropriate 

candidates for AS and those who are not.

We have herein outlined the updated grading system for prostate cancer as determined 

according to the ISUP consensus conference, most recently in 2014. As in the past, 

prognostic grade groups were determined based on long-term oncological outcomes. 

Perhaps most clinically important is the conversion from a complex Gleason score scale, 

traditionally measured from 2 to 10, to a straightforward 1-5 scale. This modification should 

allow that the information conveyed by pathologic grade is more clearly understood by both 

patients and physicians. In the realm of AS, the most substantial change in pathologic 

grading is the recommendation for uniform recording of the percent pattern 4 in Gleason 

score 7 cancers. Although the safety of AS in higher-risk populations is not well established, 

the prognostic risk associated with Gleason score 3+4=7 cancer varies substantially between 

samples with 1% Gleason pattern 4 and 50% Gleason pattern 4.97,98 Measuring such 

differences will enable better understanding of these risks, and, when clinically appropriate, 

consideration of careful expansion of AS to populations with minimal Gleason pattern 4 

disease.

We are at a critical point in the evolution of AS. Emerging technologies such as mpMRI and 

molecular testing undoubtedly add to the bevy of tools available for patient selection and 

monitoring. These tools, however, currently lack a template for use. Now more than ever, 

Tosoian et al. Page 10

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2016 June 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prostate cancer is diagnosed using TRUS/MRI fusion-guided biopsy, yet there exists no 

standard by which cancers diagnosed on targeted biopsy can be incorporated into 

conventional risk classification schemes such as that of the NCCN. Similarly, more complex 

issues remain unaddressed, such as when and how to incorporate mpMRI and genomic tests 

into the AS paradigm. A body of retrospective data exists to begin shaping these approaches, 

but significantly more evidence is needed. With greater experience, the paradigm for 

incorporating these tests into current management approaches should continue to take shape.

A future in which AS protocols are largely based on mpMRI and molecular testing is easy to 

envision, but many questions lie between here and there. How soundly these questions are 

answered will dictate if – and when – we arrive.
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Key Points

-Active surveillance represents a standard management option for men with very low-risk 

and low-risk prostate cancer.

-With follow-up extending to 20 years (median 5 to 6 years), multiple AS cohorts report 

metastasis and prostate cancer mortality in less than 1% of favorable-risk men; these 

outcomes appear to be more frequent in men who fail to meet low-risk criteria, but 

higher-risk populations have not been adequately studied.

-Revisions to pathologic grading from the 2014 International Society of Urologic 

Pathology consensus conference should facilitate a clearer understanding of pathologic 

data and more accurate assessment of risk in men bordering AS criteria.

-Multiparametric MRI and tissue-based molecular testing may improve extant monitoring 

protocols but first require additional study and validation.

-As the practice of AS continues to evolve, it is important that modifications of protocols 

are based on evidence of patient benefit.
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Figure 1. 
A 71 year man with serum PSA of 5.47ng/ml was found to have Gleason score 3+3 cancer 

(5%) on random biopsy. Due to rising PSA levels, he underwent MRI scan prior to 

enrollment in active surveillance. (A). An axial T2-weighted MRI scan shows a PI-RADS 5 

lesion in the left mid-anterior transition zone (arrow). (B-D) The lesion is positive on the 

apparent diffusion coefficient map (B), diffusion-weighted MRI (b=2000mm/s2) (C), and 

dynamic contrast-enhanced MRI (D; arrows). A TRUS/MRI fusion-guided candidate after 

multiparametric MRI and a TRUS/MRI fusion-guided biopsy approach.

Abbreviations: PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-

specific antigen; TRUS, transrectal ultrasonography.
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Figure 2. 
A comparison of pathology-defined candidates (top row) for active treatment (yellow) and 

active surveillance (orange) versus definitions based on multiparametric MRI, the Epstein 

criteria, the D’Amico criteria, and CAPRA score. Each patient is represented by a column of 

the array. Note that multiparametric MRI results most closely mirrored pathology results 

with fewest “false-positive” decisions for active treatment in good active surveillance 

candidates.

Abbreviations: CAPRA, Cancer of the Prostate Risk Assessment; MP, multiparametric.

Reprinted from Turkbey et al55 with permission from the publisher.
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Figure 3. 
A 59-year-old man presenting with a serum PSA of 4.68 ng/ml. (A–C) An axial T2-

weighted MRI scan (A), apparent diffusion coefficient map (B), and b1500 diffusion-

weighted MRI (C) show a lesion in the left mid-peripheral zone (arrows). This lesion was 

biopsied and found to harbor Gleason 3 + 3 prostate cancer (10%). The patient elected active 

surveillance. (D–F) A 1-year follow-up MRI scan (serum PSA = 5.10 ng/ml) shows that the 

lesion is stable in size and MRI signal features. The follow-up biopsy also revealed Gleason 

3 + 3 prostate cancer (15%). MRI may become a tool for monitoring patients on active 

surveillance.

Abbreviation: PSA, prostate-specific antigen.
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Table 1

Basic characteristics of two large prospective AS cohorts

Patient selection Monitoring Outcomes

Cohort N GS≥7 Frequency
of biopsy

Median
follow-up

10-year
treated

10-year
PCSM

Metastatic
disease†

Toronto5 993 13% ~3-4 yrs. 6.4 yrs. 36% 1.9% 2.8%

JHH6 1298 0% ~1 year 5.0 yrs. 50% 0.1% 0.4%

Abbreviations: JHH, Johns Hopkins Hospital; GS, Gleason score; PCSM, prostate cancer-specific mortality.

†
Proportion of patients during total follow-up; time-adjusted values not available.
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Table 2

Histological definition of the updated grading system

GS equivalent Characteristic Features

Grade Group 1 3+3=6 Only individual discrete well-formed glands

Grade Group 2 3+4=7 Predominantly well-formed glands with a lesser component of poorly-
formed/fused/cribriform glands

Grade Group 3 4+3=7 Predominantly poorly-formed/fused/cribriform glands with a lesser component

of well-formed glands†

Grade Group 4 8 Only poorly-formed/fused/cribriform glands or

Predominantly well-formed glands and a lesser component lacking glands†† or

Predominantly lacking glands and a lesser component of well-formed glands††

Grade Group 5 9-10 Lack of gland formation (or necrosis) with or without poorly

formed/fused/cribriform glands†

Abbreviations: GS, Gleason score

†
For patients with greater than 95% poorly-formed/fused/cribriform glands or lack of glands on a core or at RP, the component of less than 5% 

well-formed glands is not factored into the grade.

††
Poorly-formed/fused/cribriform glands can be a more minor component
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Table 3

Molecular tests proposed for use in AS

Test Manufacturer Platform Biological Process Endpoints Assessed

Oncotype DX GPS a Genomic
Health
(Redwood
City, CA)

qRT-PCR RNA quantification
(gene expression)

Likelihood of favorable

pathology at RP†

Prolaris CCP score b Myriad
Genetics (Salt
Lake City,
UT)

qRT-PCR RNA quantification
(gene expression)

10-year risk of PCSM

ProMark c Metamark
Genetics Inc.
(Augusta, GA)

QMPI Protein quantification Likelihood of unfavorable

pathology††

Abbreviations: qRT-PCR, quantitative reverse transcriptase polymerase chain reaction; QMPI, quantitative multiplex proteomics imaging; RP, 
radical prostatectomy; PCSM, prostate cancer-specific mortality

a
Genomic Health (Redwood City, California);

b
Myriad Genetics (Salt Lake City, Utah);

c
Metamark Genetics Inc. (Augusta, Georgia)

†
Freedom from: primary Gleason pattern 4, any Gleason pattern 5, and non-organ-confined disease.

††
Gleason score of 4+3 of greater or non-organ-confined disease (≥pT3, N1, or M1)
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