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Abstract

Purpose of review—This article reviews recent developments in the use of active surveillance
for localized prostate cancer.

Recent findings—The treatment of localized prostate cancer continues to be a major challenge
for urologic oncologists. Screening with prostate-specific antigen has resulted in increased
numbers of low-risk prostate cancers being detected. Aggressive whole-gland therapy with
surgery, or radiation therapy is associated with potentially life-altering treatment-related side
effects such as urinary incontinence, bowel toxicity and erectile dysfunction. The goal of active
surveillance is to avoid or delay the adverse events associated with prostate cancer therapy while
still allowing for curative intervention in the future, if needed.

Summary—Active surveillance is a reasonable treatment option for many men with low-risk,
and some men with intermediate-risk, prostate cancer. Additional research is needed to determine
the optimal active surveillance inclusion criteria, monitoring schedule, and treatment triggers. It is
hoped that advances in prostate imaging, biomarkers, and focal therapy will foster greater use of
active surveillance in appropriately selected men to optimize quality-of-life without compromising
cancer outcomes.
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INTRODUCTION

Prostate cancer continues to be a significant burden on men’s health. Globally, more than
900000 new cases of prostate cancer are diagnosed and over 250000 deaths are expected
annually from the disease [1]. Among men in developed nations, prostate cancer has the
highest incidence and third highest mortality rate of any malignancy [1]. Within the United
States, prostate cancer affects more men than any other noncutaneous malignancy with an
estimated 240890 new cases and 33720 deaths anticipated in 2011 [2].

The therapeutic landscape of prostate cancer has improved dramatically in the past few years
with the approval of several agents that have been shown to prolong the lives of men with
advanced, castration-resistant disease [3-5]. However, for men with localized prostate
cancer, who constitute the vast majority of men diagnosed with the disease, the traditional
treatments of surgical excision or radiation therapy, and their attendant side-effects, remain
largely the same [6,7].

The widespread use of prostate-specific antigen (PSA)screeninginthe1990s led to a marked
increase in prostate cancer detection [2]. Although the effect of screening on prostate cancer
mortality was not known, early detection was intuitively felt to be advantageous by many in
the medical community [8-13]. Subsequently, two major prospective clinical trials, one in
the United States and one in Europe, were performed to assess the risks and benefits of
prostate cancer screening.

The prostate, lung, colorectal and ovarian screening trial (PLCO), a randomized clinical trial
of prostate cancer screening in more than 75000 men (aged 55-74), sponsored by the
National Cancer Institute, did not show a mortality benefit for annual screening after 7-10
years of follow-up [relative risk(RR)1.13; 95% confidence interval(Cl), 0.75-1.70] [14].

With three additional years of follow-up, the results were essentially unchanged (RR 1.09,
95% CI 0.87-1.36) [15H]. Despite the fact that more than half of the men in the control
group received PSA testing as part of their routine medical care outside of the trial
(contamination), significantly more cancers (about 20%) were still detected in the screened
arm. Nevertheless, PLCO can be viewed as a comparison of regular screening versus less
regular screening, rather than as a comparison of screening versus no screening.

In contrast, the European Randomized Study of Screening for Prostate Cancer (ERSPC),
with a median follow-up of 9 years, reported a 20% reduction (95% CI 0.65-0.98) in prostate
cancer mortality associated with PSA testing every 2—4 years in 162243 men aged 55-69.
This trial had a much lower rate of contamination and consequently an even greater increase
in prostate cancer diagnoses (about 70%) on the screened arm than was seen in the PLCO
trial. However, the ERSPC investigators estimated that 1410 men had to be screened and 48
treated for every prostate cancer death averted [16]. Although the number needed to treat
might decrease with longer follow-up, these findings underscore the potential risk of
overtreatment associated with prostate cancer screening [17]. Interestingly, as many as 30%
of the men with screen-detected cancer in the Goteborg cohort of the ERSPC, which had the
greatest prostate cancer mortality reduction among all the ERSPC sites (RR 0.56, 95% ClI
0.39-0.82), were still on active surveillance as of the most recent follow-up [18].
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The publication of the initial mortality data from the PLCO and ERSPC led the United
States Preventive Services Task Force (USPSTF) to update their 2008 report on the benefits
and harms of PSA-based screening [19H]. They subsequently issued a draft report (posted
on-line for public comment until November 2011) giving PSA screening a ‘D’ rating,
indicating moderate or high certainty that the service has no net benefit or that the harms
outweigh the benefits. This would broaden the USPSTF’s previous recommendation against
PSA-based screening in men 75 years of age or older [20]. Although many professional
groups such as the American Urological Association, American Association of Clinical
Urologists, and Society of Urologic Oncology issued rebuttals supporting various PSA-
based screening strategies, the USPSTF analysis served to focus attention on the problem of
over treatment. This has led to renewed interest in active surveillance for the management of
localized prostate cancer [21HH].

ACTIVE SURVEILLANCE: PAST

Observational management strategies are not new to prostate cancer. Watchful waiting, a
term sometimes confused with active surveillance, is a treatment strategy that is often used
for older men with significant comorbidities. Men on watchful waiting have been diagnosed
with prostate cancer and are not treated until their disease becomes symptomatic, which is
usually associated with locally advanced or metastatic disease. Once symptomatic, palliative
interventions such as androgen deprivation therapy via surgical or medical castration, focal
radiation to alleviate bone pain, or transurethral resection of the prostate to relieve bladder
outlet obstruction are often utilized.

In contrast, active surveillance does not delay therapy until a man is symptomatic and no
longer curable. The goal is to closely monitor men for changes in the aggressiveness of their
cancer via serial biopsies and PSA measurements and, if an unfavorable change is detected,
to offer definitive local therapy with curative intent. The Scandinavian Prostate Cancer
Group-4 (SPCG-4) and the Prostate Cancer Intervention Versus Observation Trial (PIVVOT)
are reassuring in this regard. The SPCG-4 compared radical prostatectomy with watchful
waiting in a 95% nonscreen-detected cohort in Sweden. Despite substantially delayed
intervention by current practice standards, surgery still produced significant improvements
in overall and prostate cancer-specific survival [22]. This suggests that the window of
curability is relatively wide following a diagnosis of low-risk, screen-detected disease.
PIVOT compared radical prostatectomy with watchful waiting in men with screen-detected,
localized prostate cancer. With a median follow-up of 10 years (range 7.3-12.6 years),
surgery did not reduce overall or prostate-cancer specific mortality compared with a purely
palliative expectant management approach, at least among men with PSA values 10ng/ml or
less or in men with low-risk prostate cancer [21Hl,23].

Randomized clinical trials of active surveillance appear to be infeasible in North America as
evidenced by the recent closure of the Surveillance Therapy Against Radical Treatment
(START) for favorable risk prostate cancer trial —a US Intergroup trial sponsored by
National Cancer Institute (NCI) Canada — for failure to meet its accrual goals. In contrast,
the Prostate Testing for Cancer and Treatment (ProtecT) trial, a randomized comparison of
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active monitoring versus treatment in approximately 3000 men in the United Kingdom, is
expected to report major outcomes in 2016 [24].

Although it is clear that active surveillance has a vital role to play in reducing the harms
associated with overtreatment of prostate cancer, several challenges remain [6,7]. These
include elucidating the optimal inclusion criteria, surveillance regimen and triggers for
intervention. Although these issues are not currently being addressed by randomized trials,
several academic centers have published single-arm, cohort studies, providing a framework
for future research comparing different active surveillance strategies [21HH].

ACTIVE SURVEILLANCE: PRESENT

A recent National Institutes of Health State-of-the-Science meeting concluded that active
surveillance is a viable option that ‘should be offered’ to patients with low-risk prostate
cancer [21HH]. However, fewer than 10% of low-risk prostate cancer patients pursue a
delayed intervention approach despite the known side effects and uncertain benefits of
definitive therapy in this setting [7,25]. The absence of clear evidence regarding the
treatment options for low-risk prostate cancer requires that the pros and cons of the available
approaches be presented in an unbiased manner [21HH].

Selection criteria

Although selection criteria for active surveillance have not been compared in randomized
trials, epidemiological data and prospective case series provide a reasonable basis upon
which to identify appropriate candidates for this approach [26—28]. The health professional
follow-up study, a large prospective cohort study recently reported on the outcome of
delayed prostate cancer intervention in 342 (10.3%) of 3331 cohort participants diagnosed
with prostate cancer between 1986 and 2007. About 50% of these men were ultimately
treated at a median follow-up of 8.6 years. Age less than 70 years, clinical stage more than
T1, Gleason score above 6 and PSA more than 20 were all significantly associated with
progression to treatment on multivariate analysis [27].

A population-based study in the United Kingdom, where PSA screening and definitive
therapy is less common than in the United States, examined the factors associated with long-
term outcome among men treated conservatively for localized prostate cancer. Of 1176 men
with untreated disease, the most powerful predictor of prostate cancer death was Gleason
score. Baseline PSA level was the second most important factor, although it had only about
one-fourth the predictive value of Gleason score in this regard. Together, Gleason score and
PSA separated men into three prognostic groups with very different outcomes. Age, extent
of disease and clinical stage were of limited additional prognostic value [28].

Patient characteristics

A patient’s age and comorbidities are central to the active surveillance decision-making

process; more restrictive eligibility criteria should generally be required for men with longer
life expectancies [29]. At the NCI, we offer active surveillance to selected men, regardless of
age, provided they are willing to accept the uncertainties and close follow-up associated with
this approach. Of course, there are also uncertainties, and a need for periodic follow-up, after
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definitive therapy. Notably, the SPCG-4 randomized trial comparing surgery with watchful
waiting, found no differences in anxiety and depression between the two groups [30]. In a
recent decision analysis using a simulation model, active surveillance was associated with
the greatest quality-adjusted life expectancy in men with low-risk prostate cancer, although
individual preferences were important factors in this regard [31H].

Ultimately, treatment decisions for men with early stage prostate cancer must balance age,
health status and personal preferences against estimates of disease aggressiveness coupled
with the potential risks and benefits of definitive intervention [32]. These decisions should
reflect the importance a man assigns to the possible outcomes associated with each treatment
approach and his attitude towards risk [33].

Tumor characteristics

Monitoring

The tumor characteristics used to identify appropriate candidates for inclusion in the three
largest, single-institution series of active surveillance are shown in the Table 1. The
similarities in the eligibility criteria utilized are more apparent than the differences; however,
they do represent a range of inclusiveness reflecting underlying attitudes towards the
fundamental challenge in active surveillance, which is to avoid overtreatment without
compromising cure.

As shown, the eligibility criteria utilized by the University of Toronto were most inclusive
from 1995 to 1999, during which they allowed men with Gleason score 3+4=7 disease and
PSA levels up to 15, depending on age and comorbidities. Beginning in January 2000, they
restricted eligibility to more favorable risk men [34HH]; however, as of their most recent
update, 29% of the entire cohort were D’ Amico intermediate risk based on Gleason score
3+4=7 or PSA greater than 10ng/ml [35]. Notably, stage and Gleason score, but not baseline
PSA levels, were significantly associated with progression to definitive intervention [34HH].

The Johns Hopkins University cohort represents a more highly selected case series requiring
a PSA density less than 0.15ng/ml per ml, Gleason score less than 7, less than three involved
cores and at least 50% involvement of any one core [36HM]. These criteria have a more than
90% positive predictive value (PPV) for identifying organ-confined disease [37,38]. The
University of California, San Francisco (UCSF) eligibility criteria are similar to those used
at Johns Hopkins, with the exception of the PSA density requirement. Although their formal
criteria require low-risk disease on the basis of clinical stage, Gleason score, and PSA, they
do offer active surveillance to ‘strongly motivated” men with higher risk disease [39HH]. As
this case series matures, it will provide increasingly useful data on the potential role of
active surveillance in men with low-volume, intermediate-risk disease.

The goal of monitoring during active surveillance is to identify the subset of patients with
biologically aggressive prostate cancer, although, their disease is still curable. The
monitoring guidelines and triggers for intervention utilized by Toronto, Johns Hopkins, and
UCSF are summarized in the Table 1. As shown, PSA levels are monitored on a 3-6 month
basis in all three cohorts, with or without a digital rectal examination (DRE). The major
difference is the frequency of surveillance biopsies. Follow-up biopsies are performed yearly
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at Johns Hopkins. In Toronto, they are routinely done every 3—4 years, with additional
biopsies performed based on PSA kinetics, change in clinical stage or for evidence of
progression on imaging studies. Given the risk of urosepsis due to antibiotic-resistant
organisms and the more than twofold increased risk in hospitalizations following standard,
multicore prostate biopsies, strategies to reduce this procedure are clearly needed [40,41H].
Therefore, many active surveillance programs have begun to incorporate imaging into their
monitoring protocols, reflecting recent advances in MRI and PET [42].

ntervention

The Toronto group utilized PSA Kinetics to guide treatment recommendations from the
inception of their active surveillance program in 1995-2008. They used a PSA doubling
time (PSADT) of less than 2 years as a trigger for intervention until 2000, at which time they
lowered their threshold for intervention to a PSADT of less than 3 years [34HM,43].
However, given concerns regarding the reliability of PSA kinetics and the emerging role of
imaging in the active surveillance setting, starting in 2008, they began using PSA Kinetics as
an indication for further evaluation with MRI and/or repeat prostate biopsy rather than as a
trigger for intervention [21HM,44,45]. This change in protocol is supported by a recent
analysis of the Hopkins cohort showing no association between PSADT and progression on
biopsy [46H].

For patients with a baseline Gleason score of 3+3=6, the Toronto group has used a two-step
increase in Gleason score to 4+3=7 as a trigger for intervention. At UCSF, treatment is
recommended for a Gleason score of 4+3=7 in patients with a baseline score of 3+4=7, or
the presence of any pattern 4 in men with baseline scores of 3+3=6. PSA kinetics and
evidence of progression on biopsy, DRE or MRI are also used to prompt treatment
recommendations. At Johns Hopkins, the presence of any pattern 4 disease, more than two
involved biopsy cores or more than 50% involvement of any one core, are triggers for
intervention.

Nearly 3000 men have been entered on single institution and multicenter active surveillance
protocols [47]. Whereas the median follow-up of these case series is still relatively short,
ranging from about 2 to 7 years, more than 200 patients have been followed for over 10
years. Although one-third of the men being followed in these case series have progressed to
definitive therapy, the overall cancer-specific survival for the cohort is 99.7% [34HH].

The most mature case series is that of the University of Toronto, where 450 men have been
followed for a median of 8 years (range 1-16 years). Although 29% of the men in this cohort
had intermediate-risk disease due to a Gleason score 3+4=7 or PSA more than 10ng/ml, the
10-year actuarial cancer-specific survival for the entire group is 97.2% [34HH)]. At 5 and 10
years, 72 and 62% of patients remained on active surveillance. Overall, 135 of the 450
(30%) men in this cohort have progressed to intervention. Of these 450 men, 65 (14%) met
criteria for short PSADT and 36 (8%) for progression of tumor grade. Only 14 patients (3%)
stopped active surveillance because of personal preference. Although the biochemical failure
rate at 5 years was 53% among the 125 men who underwent definitive therapy, this
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represents 13% of the overall 450 patient cohort, which is similar to that expected for
favorable-risk patients receiving immediate therapy [34HH].

The UCSF cohort is comprised of 376 patients meeting low-risk criteria and 90
intermediate-risk criteria. Overall, 129 (34%) men in this cohort had an increase in Gleason
score on follow-up biopsy [48HM]. At 3—4 years, about half of the men in each risk group
remain progression-free.

Of 769 active surveillance participants in the Johns Hopkins cohort, which now has a
median follow-up of 2.7 years, 603 (78.4%) satisfied all of the Epstein criteria for very low-
risk disease. Patients who did not fulfill all of these criteria were significantly more likely to
undergo definitive intervention. However, compliance with these criteria was not
significantly associated with Gleason score upgrading on subsequent biopsies [36HH].

The overall median time to intervention at Hopkins was 6.5 years. For the 33.2% of men
who have been definitively treated, the median time to intervention was 2.2 years [36HH].
Only 106 men or 13.8% of the total cohort had an increase in Gleason score on follow-up
biopsy. This contrasts with the experiences of UCSF and Toronto, which reported Gleason
score upgrading in approximately one-third of men [39HM,49]. The majority of upgrading
in all three case series occurred within the first 2 years, suggesting that the change in
Gleason score was more likely to reflect misclassification of tumor grade due to variable
sampling of the gland than progression (dedifferentiation) of existing disease.

Population-based studies provide further evidence for Gleason score misclassification on
prostate biopsy. Freedland et al. [50] reported an upgrading rate of 27% among 1113
patients treated with immediate prostatectomy. Higher baseline PSA values, more biopsy
cores with cancer and obesity were associated with upgrading at surgery, whereas, a biopsy
Gleason score of 3+4=7 and having at least an eight core biopsy were inversely correlated
with upgrading. Suardi et al. [51] compared biopsy to prostatectomy in 4885 men meeting
various criteria for active surveillance. They found upgrading rates of 39-56% depending on
the criteria utilized.

ACTIVE SURVEILLANCE: FUTURE

Biomarkers

In order to further refine the inclusion factors and treatment triggers discussed above,
researchers are looking to advances in biomarkers, imaging, and focal therapy to optimize
active surveillance regimens and improve patient outcomes. In addition, men on active
surveillance represent an important cohort for discovery and implementation of prostate
cancer prevention strategies.

Numerous studies are examining potential replacements for or adjuncts to serum PSA. For
example, in a prospective study of 106 men with low-risk prostate cancer on biopsy who
subsequently underwent radical prostatectomy, a significant linear correlation was observed
between urinary prostate cancer antigen 3 and tumor volume, suggesting that this biomarker
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could be used to justify active surveillance in some men who would otherwise be excluded
on the basis of standard biopsy criteria [52].

Identification of the molecular alterations that drive tumor development and progression
could have profound implications for active surveillance patient selection. For example, the
TMPRSS2-ERG gene fusion transcript, which can be detected in urine, has been associated
with prostate cancer aggressiveness. However, it has also been associated with less
aggressive disease. Large population-based studies will be required to determine whether
this gene rearrangement confers prognostic value, after controlling for Gleason score and
PSA [52-55].

The utility of active surveillance is dependent upon accurate assessment of disease grade and
extent [45]. Imaging, specifically multiparametric MRI, has garnered significant attention
for its ability to guide transrectal prostate biopsies, allowing for a more accurate assessment
of a man’s disease burden and reducing misclassification [S6l,57H]. The ability of MRI to
depict zonal anatomy facilitates the diagnosis of anterior tumors, which are difficult to detect
by DRE and are often missed on TRUS-guided biopsy [58,59H]. The MRI characteristics of
prostate lesions have also been shown to correlate with D’ Amico risk stratification [60].
Although imaging is not expected to obviate the need for histologic confirmation, it is likely
to help decrease the frequency of surveillance biopsies, thereby reducing an important
source of morbidity for men on active surveillance [58,61].

An important caveat is that diagnostic information obtained from increasingly sensitive
imaging modalities is likely to add to the stage and grade migration that has occurred in
prostate cancer over the past 25 years [62]. Ever-increasing detection of micro foci of ‘high-
grade’ disease will necessitate ongoing reassessments of risk categories to avoid excluding
patients who may benefit from this approach.

Focal ablation

Using MRI to target prostate tumors has also furthered interest in focal ablation. Rather than
treating the whole gland with surgery or radiation, destroying the dominant lesion may
provide adequate cancer control while avoiding bowel, bladder, and sexual function
sequelae[63].The benefits of focal ablation, and specifically whether it will improve cancer
outcomes compared with active surveillance, remain to be determined in well designed,
prospective studies. A recently opened feasibility study at the NCI is using laser energy to
ablate biopsy-confirmed tumors (Gleason 3+3 or 3+4) visible on multiparametric MRI in
men who would otherwise be candidates for active surveillance (NCT01377753) [64].

Chemoprevention

The term ‘chemoprevention’ refers to the administration of natural or synthetic agents to
reverse, inhibit, slow or prevent the development of cancer [65]. Given that approximately
one-third of men on active surveillance are likely to progress over 5 years, many would
benefit from an intervention to slow the transformation of their prostate cancer from an
indolent to a more aggressive phenotype [47]. In addition, active surveillance presents an

Curr Opin Oncol. Author manuscript; available in PMC 2020 September 04.


https://clinicaltrials.gov/ct2/show/NCT01377753

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Singer et al.

Page 9

opportunity to evaluate potential chemopreventive agents. For example, in a placebo-
controlled trial in 302 men with low-risk prostate cancer being managed expectantly,
treatment with dutasteride (a drug that inhibits the conversion of testosterone to the more
potent androgen, dihydrotestosterone) increased the likelihood of having a negative
surveillance biopsy [66]. Additional NCI-sponsored chemoprevention trials in men on active
surveillance are currently being planned.

CONCLUSION

Active surveillance is a good option for many men with localized prostate cancer, although
research is needed to optimize inclusion criteria, monitoring protocols and treatment
triggers. The influence of imaging, biomarkers, and focal therapy on the implementation of
active surveillance is expected to grow in the coming years. The use of MRI to improve the
accuracy of biopsies, thereby minimizing the risk of misclassification, and to reduce the
frequency of surveillance biopsies, is likely to increase the acceptance of active surveillance
in the community. However, patient and physician education will be needed if this approach
is to receive the consideration it deserves as an alternative to immediate therapy.

Men on active surveillance represent an important cohort for discovery of agents to prevent
or slow the progression of prostate cancer, and many could potentially benefit from such an
approach. The discovery of relevant biomarkers to facilitate the development of
chemopreventive agents and to reduce overtreatment brought on by the two-edged sword of
increasingly powerful diagnostic technology remains a major unmet need.
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KEY POINTS

. Active surveillance is a good option for many men with localized prostate
cancer and should not be restricted to men with limited life expectancies.

. Research is needed to optimize inclusion criteria, monitoring protocols, and
treatment triggers for active surveillance.

. Multiparametric MRI improves the accuracy of prostate biopsies, reducing the
risk of misclassifying Gleason score at diagnosis, and can help reduce the
frequency of surveillance biopsies.

. Men on active surveillance represent an important cohort for the development
of agents to slow or inhibit progression of prostate cancer (chemoprevention)
and may benefit from such interventions.
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