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a b s t r a c t

Low-risk prostate cancer has traditionally seen a preference towards avoiding treatment-related harms
with active surveillance (AS) and multimodal monitoring protocols utilized to assess for disease pro-
gression. Large trials have shown variations in mortality and cancer survival benefit between AS and
radical treatment, which has prompted further trials into the management of low-risk disease. Non-
radical treatments for men on AS have been an emerging field and yet to enter mainstream guidelines or
practice. These include pharmacological treatments, focal therapy, nutraceuticals, immunotherapy, and
exercise. We present a review of all current major randomized clinical trials for nonradical treatment of
men on AS and summarize their findings.
© 2022 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The management of low-risk prostate cancer (PCa) has seen
several updates recently. Active surveillance (AS) has been the
standard of care in managing cT1a-c to T2a disease for decades.
While the overarching theme of current guidelines is to avoid over
treatment of low-risk disease, there is interest from several groups
trying to demonstrate the role nonradical treatments such as
antiandrogen monotherapy, focal therapy, and alternative thera-
pies. AS protocols possess regional differences influenced by
resource availability and local guidelines for patients suitable for
AS. The systematic review by Willemse et al made recommenda-
tions in addition to the current European Association of Urology
(EAU) guidelines towards the pathology that should be considered
for AS and the protocol for surveillance.1 The reviewof 375 included
articles (N ¼ 264,852 patients) found that AS should be recom-
mended for men as per Table 1.
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Both the EAU and Willemse group recommendation feature
transperineal prostate biopsy (TPBx) prominently as part of the AS
protocol. Previous recommendations of either transrectal or
transperineal approach to surveillance biopsy but there has been
recent evidence to suggest that the transrectal approach is more
likely to miss clinically significant PCa in the anterior prostate.2 AS
protocols rely on accurate staging and diagnosis of low-risk PCa to
minimize risk of progression, and TPBx remains the standard of
care within the Asia-Pacific region to provide this reassurance to
the patient. Prior to the Willemse recommendations, a review of
PCa prediction models using multiparametric magnetic resonance
imaging (mpMRI) and TPBx was conducted to compare the per-
formance of existing risk calculators for men on AS. This review
found existing calculators (European Randomized Study of
Screening for Prostate Cancer risk calculator ¾ (ERSPC-RC3/4),
Prostate Biopsy Collaborative Group risk calculator (PBCG-RC))
were comparable to the Leeuwen model that combines key clin-
ical features with mpMRI to determine the need for TPBx.3 The
value of these models is as a decision-making tool for urologists
and can provide reassurance for men progressing to an AS
pathway. Previous large studies have successfully randomized
men to AS, surgery, or radiation (ProtecT).4 ProtecT was able to
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:speperera@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prnil.2022.08.002&domain=pdf
www.sciencedirect.com/science/journal/22878882
http://www.journals.elsevier.com/prostate-international
https://doi.org/10.1016/j.prnil.2022.08.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.prnil.2022.08.002
https://doi.org/10.1016/j.prnil.2022.08.002


Table 1
Summary of recommendations from the Willemse group review on patient suitability for AS

Domain Current EAU 2020 guidelines Willemse et al 2022 Recommendations Strength of evidence

Inclusion criteria mpMRI prior to biopsy Low volume International Society of Urological
Pathology (ISUP) Grade 2 disease
with 2-3 positive cores and <50% cancer
involvement per core (Favorable)

Weak

ISUP 1 disease only ISUP 2 with >3 cores positive should be excluded Weak
Surveillance PSA every 6 months Confirmatory biopsy within the first 2 years Weak

DRE every 6 months Surveillance biopsy at least every 3 years for 10 years Weak
No need for confirmatory biopsy if
mpMRI done prior to diagnostic biopsy

If mpMRI is not available repeat biopsy Weak

mpMRI prior to all surveillance biopsy Any increase in core involvement at repeat biopsy
should be reclassified

Weak

mpMRI, multiparametric magnetic resonance imaging; DRE, digital rectal examination.
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demonstrate that men on AS were more likely to suffer disease-
related events including reduced overall cancer survival and
progression of disease when compared to radical treatment arms.
The reduced life expectancy of men on AS was a surprising
development in the management of low-risk disease. The basis for
AS in localized PCa was established well before ProtecT with the
PIVOT trial 2012 demonstrating no overall survival benefit to pa-
tients who received radical prostatectomy over monitoring of
PSA.5 Just prior to ProtecT, there was further strong evidence for
AS as demonstrated by Hamdy et al.6 who found no overall
reduction in 10-year PCa-specific survival for AS versus radical
treatment of low-risk disease. Since this analysis of 10-year out-
comes in 2016 AS has formed the basis for the management of
low-risk disease around the world. The drawback to this large
study being the retrospective nature of the study design and the
inclusion of men with locally advanced disease. Practice still dif-
fers regionally depending on local guidelines. Within Australia
and New Zealand alone, there is a large variation in the man-
agement of low-risk disease across jurisdictions. For example a
recent analysis found patient receiving care in metropolitan pri-
vate settings were more likely to undergo active treatment than
conservative management (AS or watchful waiting(WW))
(OR0.71, 95% CI 0.58e0.87; P ¼ 0.001).7 Differences in practice
could be explained by variations in patient demographic and co-
morbid states who pursue private healthcare over public man-
agement of disease. The variations in practice vary again when
compared to overseas cohorts with the US-based Surveillance
Epidemiology and End Results study showing only 42% of men
with low-risk PCa receiving AS or WW compared to nearly 70% in
Fig. 1. Summary of enzalutamide ve
Australia.8 International differences in low-risk disease manage-
ment are multifactorial and government policy and funding of
surveillance protocols play a large role. Australian government
funding of all mpMRI prior to prostate biopsy has reduced the
number of prostate biopsies performed and improved patient
adherence to AS protocol with reassuring radiological findings.9

Since ProtecT in 2020, there have been several attempts to
explore the role of nonradical treatments in true low-risk disease.
Broadly, they can be categorized into pharmacological agents,
focal therapy, nutraceuticals, immunotherapy, and lifestyle
interventions.

2. Comparing AS to pharmacological agents

The ENACT randomized control trial allocated men to AS and
antiandrogen monotherapy (Enzalutamide) traditionally reserved
for treatment of advanced and metastatic disease (Fig. 1). ENACT
was able to demonstrate a 46% reduction in cancer progression for
the treatment arm compared to the AS group. This trial employed a
nonradical treatment for low-risk PCa that has established high
rates of drug toxicity. While the study found most men tolerated
the monotherapy well, it established a precedent for further trials
of antiandrogen agents in the management of low-risk disease. AS
is an option selected bymen to avoid treatment-related harms, and
this trial 88.4% of men suffered adverse effects directly related to
enzalutamide with 7.1% discontinuing the drug.10

Other antiandrogen monotherapy trials for the treatment of
low-risk disease have included bicalutamide. McLeod et al.11 con-
ducted the largest randomized control trial with this drug on a
rsus AS (ENACT study) protocol.



Fig. 2. Summary of bicalutamide versus AS (Early prostate cancer programme trial) protocol.
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mixed population of men with both localized and locally advanced
PCa. This population, while not truly a population suitable for AS,
had mixed response to bicalutamide in the trial (Fig. 2). Localized
disease that was defined as T1-2Nx/0 had no improved progression
free survival (PFS) while patients with locally advanced disease (T3-
4) did derive a benefit to PFS on bicalutamide. The study, including
the outcomes analysis at 9.7-year follow-up, should not be
considered to reflect on a true AS cohort given the mixed pathology
included in the trial and the use of radiotherapy in one of the
treatment arms. Therefore, bicalutamide has not been shown to
benefit patients who would be suitable for AS.

REDEEM is a double blinded randomized placebo-control trial
analyzing the effect of dutasteride in the management of localized
PCa.12 5a reductase inhibitors block the conversion of testosterone
to dihydrotestosterone that can lead to a reduction prostate volume
and Prostate specific antigen (PSA) levels. REDEEM builds on the
previous results of REDUCE which demonstrated the effect of
dutasteride in reducing PCa detection on biopsy.13 Over 3 years the
investigators randomized men with low-risk disease (low volume
Gleason 5-6 PCa) to dutasteride and a placebo drug (Fig. 3).
REDEEM found a 10% reduction in PCa progression for the dutas-
teride group with a hazard ration of 0.62 95% CI 0$43e0$89: log-
rank p ¼ 0$009. As a secondary outcome man in the dutasteride
Fig. 3. Summary of dutasteride vers
group also showed less cancer on final biopsy at 3 years compared
to the placebo group.

3. Comparing AS to focal therapy

Focal therapy is an emerging treatment modality for low-risk
PCa with low volume or single focus intraprostatic disease (Fig. 4).
The prospective PCM301 randomized trial highlighted that the
partial ablation of low-risk PCa photodynamic therapy signifi-
cantly reduced the subsequent finding of higher-grade cancer on
biopsy.14 Consequently, fewer cases were converted to radical
therapy, a clinically meaningful benefit that lowered treatment-
related morbidity.

4. Nutraceuticals

Nutraceuticals have long been utilized in the setting of low-risk
PCa.15 Prominent regimes have included green tea, Vitamin D,
pomegranate and selenium. Many of these studies are retrospec-
tive and there is a paucity of randomized clinical trials in the area.
The underlying theme to nutraceutical treatment resides in the
reduction of circulating androgens. Pomegranate fruit extract (PFE)
is an experimental treatment in the nutraceutical sphere for
us AS (REDEEM trial) protocol.



Fig. 4. Summary of focal therapy (PCM301 trial) protocol.
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localized PCa (Fig. 5). Phase II randomized control trials have
shown PFE does have an antiproliferative and proapoptotic effect in
men on AS with a significant reduction in DNA damage markers
and androgen receptor expression over 12 months.16 Further Phase
III trials are required to assess the effect of PFE on reducing cancer
progression. Other nutraceuticals that have seen some traction in
the literature include Vitamin D. Vitamin D supplementation is
thought to reduce circulating androgens including testosterone
and dihydrotestosterone, reduce circulating PSA and inhibit cell
growth of hormone sensitive PCa cell lines. However systematic
review and meta-analysis of clinical trials in this area suggest that
high dose vitamin D supplementation does not benefit patients
with low-risk disease and there is no significant benefit to PFS,
overall cancer-specific survival or PSA reduction compared to pla-
cebo groups. As such Vitamin D should not be recommended as an
alternative treatment to AS.17

5. Immunotherapy

Other novel therapies still in development are immunotherapy
regimes for PCa. PROSTVAC, a viral vectorebased immunotherapy
trial, has been proposed as a novel treatment for T1-2 PCa. The trial
will assess the expression of CD4þ and CD8þ tumour markers as a
Fig. 5. Summary of pomegranate fruit ex
surrogate for PCa progression ion a true AS population.18 The trial
results are still pending and have not been finalized despite over
3 years of analysis since the published completion date.

6. Exercise

There are several studies looking at the effect of exercise on PCa
progression in an AS cohort. The largest of these is the ERASE trial
which looks at the isolated effects of exercise on patients under-
going AS (Fig. 6). The contention of the trial is to reduce disease
progression via a combination of three mechanisms.

1. A biological pathwaywhere tumour suppression occurs through
modulation of systemic biomarkers including natural killer cell
function, metabolic markers such as insulin and insulin growth
factor and inflammatory cytokines

2. Psychological pathway; reduction in fear of cancer progression
to remain on AS

3. Functional pathway; pre-habilitation with improvements in
physical conditioning. Previous studies have looked the effect of
exercise in conjunction with other nonradical and radical
treatments but the ERASE trial when finalized will deliver in-
sights into compartmentalized effects of exercise on low-risk
tract versus AS (PFE trial) protocol.



Fig. 6. Summary of exercise versus AS (ERASE trial) protocol.
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disease progression.19 ERASE employs a model of high-intensity
interval training (HIIT) as part of its training regime (Fig. 6).
Previously HIIT as well as resistance training have been
compared to AS in promotion of circulating tumour suppression
markers (serum insulin-like binding protein 3 (IGFBP -3) and
interferon-g). A 3-arm feasibility randomized control trial by the
Papadopolous group 2021 found both HIIT and resistance
training improved serum tumour suppression markers and
could have a role to play in low-risk disease.20 Developing on
this work the Brassetti 2021 group conducted a prospective trial
using the Physical Activity Scale for the Elderly (PASE) to assess
the effect of exercise on PSA doubling time and reclassification of
disease. They found that the higher the PASE score the lower the
risk of re-classification of PCa for men on AS.21 Large prospective
and feasibility trials provide the impetus for randomized control
trials such as ERASE to proceed to fruition. Aside from the po-
tential benefit in preventing PCa progression exercise has overall
morbidity benefits and reduction in all-cause mortality inde-
pendent of cancer risk and should form an important part of any
patient counselling as part of a healthy lifestyle.
Table 2
Summary of current nonradical treatment trials for localized PCa

Study Study type Men
randomized (N)

Cohort
pathology

Intervention

ENACT 2022 RCT 227 Low risk
Intermediate
risk

Enzalutamide vs. AS

EPC Programme
2006

RCT 8113 Low risk
Intermediate
risk

Bicalutamide þ AS v
Placebo þ AS vs.
AS alone

REDEEM 2010 RCT 302 Low risk Dutasteride vs. place
PCM301 2018 RCT 413 Low risk Focal photodynamic

therapy vs. AS

Jarrard et al 2021 RCT 30 Low risk Pomegranate vs. AS

PROSTVAC 2018 RCT 1297 Low risk Immunotherapy vs.

ERASE 2019 RCT 52 Low risk Exercise vs. AS

Low risk: cT1c-T2a, PSA <10 ng/mL. Nx/0 M0 and GS � 6.
Intermediate risk: cT2B-T2c, PSA <20 ng/mL. N0 M0, and GS � 7 (3 þ 4 pattern only).

* Significant result demonstrating treatment benefit.
7. Conclusion and future directions

Non radical treatments for low-risk PCa encompass a spectrum
of options ranging from well-established and documented to
emerging and experimental (Table 2). This is a dynamic and
developing field of treatment with many trials still requiring vali-
dation and phase III components to demonstrate mortality and
morbidity benefit in low-risk PCa. Overall, the main player in this
field are pharmacological agents with the highest level of evidence.
Although many of these agents have some benefit on reducing
cancer-specific progression, they also subject a population of men
to adverse effects directly related to their treatment. Future studies
in nonradical treatments for low-risk PCa should focus on adjunct
lifestyle therapies such as exercise, diet and supplements that may
provide oncological outcome benefits but also enrich the quality of
life for the patient. The role of novel imaging in this field can also be
expanded with evidence of disease progression but further ran-
domized control trials are required in this field to validate current
findings. Over treatment of low-risk disease may subject patients to
treatment-related harms. It is important to remember that AS is a
Primary outcome Result for treatment arm

1. Time to PCa progression 1. HR 0.54; 95% CI (0.33-0.89) P ¼ 0.02*

s. 1. Progression free survival
2. Overall survival

1. HR 1.16; 95% CI (0.99 e 1.37); P ¼ 0.07
2. HR 0.65; 95% CI (0.44-0.95); P ¼ 0.03*

bo 1. Time to PCa progression 1. HR 0.62; 95% CI (0.43 e 0.89); P ¼ 0.009*
1. Conversion to radical
intervention at 4 years

2. Overall cancer progression

1. HR 0.31, 95% CI (0.21-0.46); P < 0.05*
2. HR 0.42, 95% CI (0.29-0.59); P < 0.05*

1. Altered serum prostate
tissue biomarkers

2. Number of positive cores
on biopsy

1. Urothelin A P¼<0.01*
DMEAG P¼<0.001*
2. Positive core biopsy P ¼ 0.06

AS 1. Change in CD8þ and CD4þ
expression

Results not published

1. Cardiorespiratory fitness
2. Immunosurveillance of
cancer related biomarkers

Results to be finalized
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treatment option as well and one that in some situations will cause
the least amount of harm to our patients.
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