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Abstract

Background: Active surveillance (AS) is the preferred management option for most men
with grade group (GG) 1 prostate cancer (PCa). Questions persist regarding long-term
outcomes and the optimal approach to AS.
Objective: To determine survival and metastatic outcomes in AS patients. Secondary
objectives were to measure the cumulative incidence and association of patient-level
factors on biopsy grade reclassification.
Design, setting, and participants: A prospective, active, open-enrollment cohort study
was conducted from 1995 through July 2018 at a tertiary-care academic institution.
Patients with very-low-risk or low-risk PCa were enrolled.
Intervention: AS with semiannual prostate-specific antigen (PSA) and digital rectal
examination, serial prostate biopsy, and multiparametric magnetic resonance imaging
(mpMRI).
Outcome measurements and statistical analysis: The 10- and 15-yr cumulative inci-
dences of primary and secondary outcomes were determined.
Results and limitations: Overall, 1818 men were monitored on AS for a median of 5.0 yr
(interquartile range 2.0–9.0). There were 88 non-PCa deaths, four PCa deaths, and one
additional case of metastasis. The cumulative incidence of PCa-specific mortality or
metastasis was 0.1% (95% confidence interval, 0.04–0.6%) at both 10 and 15 yr. The 5-,10-,
and 15-yr cumulative incidences of biopsy grade reclassification were 21%, 30%, and 32%,
respectively. On multivariable analysis, biopsy grade reclassification was associated with
older age, African-American race, PSA density, and increased cancer volume on biopsy,
and men who underwent mpMRI prior to enrollment were less likely to undergo grade
reclassification. Our selection and monitoring are more stringent than many other
contemporary AS programs.
Conclusions: In a large, single-institution, prospective AS cohort, the risk of cancer death
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Patient summary: This study investigated long-term outcomes in patients with grade
group 1 prostate cancer managed with active surveillance (AS). Ten years after
enrolling in AS, the risk of metastasis or death from prostate cancer was <1%,
while 48% of men switched to treatment. Patients who underwent multiparametric
magnetic resonance imaging (mpMRI)/ultrasound-fusion targeted biopsy prior to
enrollment were less likely to experience biopsy grade reclassification during follow-
up, suggesting a role for mpMRI as part of a comprehensive risk assessment to confirm
AS eligibility. These findings support the safety of AS in most men with grade group
1 prostate cancer, but specific outcomes may differ in programs with less intensive
monitoring.
© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Active surveillance (AS) is the preferred management
strategy for most men with grade group (GG) 1 prostate
cancer (PCa) [1]. One concern surrounding AS has been the
loss of a window of curability during the course of
monitoring [2]. Over the past 2 decades, however,
longitudinal data from several institutions have demon-
strated the overall safety of AS, with 5- and 10-yr cancer-
specific survival rates consistently exceeding 94% [3–7].
These findings have led to widespread acceptance of AS and
its endorsement in clinical guidelines [8].

Nonetheless, many important questions persist regard-
ing AS. First, data are limited regarding the durability of AS
beyond 10 yr [2,3]. Second, the impact of patient-level
demographic factors on outcomes remains unclear [1].
Moreover, serial prostate biopsies central to surveillance
protocols [3,4] are associated with significant risks [9], and
the role of multiparametric magnetic resonance imaging
(mpMRI) as an alternative to biopsy is unclear [2]. We
herein report outcomes from a large, prospective AS
program with long-term follow-up, including our initial
experience using mpMRI.

2. Patients and methods

2.1. Prospectively defined AS program

The Johns Hopkins AS program was initiated in 1995 as an option for men
with very-low-risk (VLR) PCa [10], defined as clinical stage T1c, prostate-
specific antigen (PSA) density (PSAD) <0.15 ng/ml, GG1, two or fewer
positive biopsy cores, and �50% cancer involvement of any biopsy core
[11]. Over time, an increasing number of patients were enrolled with
low-risk (LR; clinical stage �T2a, PSA <10 ng/ml, and GG1) cancer
(Supplementary Fig. 1).

All men were recommended to undergo follow-up biopsy within
12 mo of diagnosis (ie, confirmatory biopsy). In addition to semiannual
PSA and digital rectal examination, our initial monitoring protocol
included annual prostate biopsy. Prostate mpMRI without endorectal
coil became available in January 2013, and mpMRI/ultrasound-fusion
targeted biopsy became available in April 2014 [12]. Regions of interest
were scored according to Prostate Imaging Reporting and Data System
(PI-RADS) version 1 beginning in 2014 and PI-RADS version 2 beginning
in 2016 [13]. PI-RADS �3 lesions were considered positive and targeted
on mpMRI/ultrasound-fusion biopsies [14].

Definitive treatment (ie, radical prostatectomy [RP] or radiation
therapy [RT]) was recommended to all patients with biopsy grade
reclassification (GG �2). Treatment or continued AS was offered to men
who underwent volume reclassification (defined by more than two
positive cores and/or >50% involvement of a core). As 170 men began AS
without confirmatory biopsy, we separately assessed outcomes in the
1648 men who were enrolled after confirmatory biopsy (Supplementary
material; Supplementary Fig. 2). This study was approved by the
Institutional Review Board.

2.2. Statistical analysis

Primary study outcomes were overall mortality, PCa-specific mortality
(PCSM), and metastasis. Date and cause of death were obtained annually
using the National Death Index (NDI) [15]. Secondary outcomes were
biopsy grade reclassification to GG �2, reclassification to GG �3, and
definitive treatment. Outcomes were assessed using competing-risk
analysis, and volume reclassification, elective treatment, and all-cause
mortality were considered competing risks [16].

We used multivariable analysis to identify patient-level factors
associated with grade reclassification during follow-up. Variables
included age, year of diagnosis, African-American (AA) race, PSAD,
number of positive cores, maximum core involvement, and use of pre-
enrollment mpMRI (ie, at the time of diagnostic or confirmatory biopsy).
As men diagnosed with GG �2 PCa at diagnostic or confirmatory biopsy
are not included in the AS program, and mpMRI scoring was not uniform
until adoption of PI-RADS v2 in 2016, the impact of specific PI-RADS
scores could not be assessed in the overall cohort. To measure the impact
of specific mpMRI findings (categorized as none, PI-RADS 1–2, and
PI-RADS 3–5) on the risk of grade reclassification, we performed
multivariable analysis in the subpopulation of men with mpMRI scored
according to PI-RADS v2 (n = 357). All tests were two sided, and
statistical significance was set at p < 0.05. Statistical analyses were
performed using SAS v.9.4 (SAS Institute Inc., Cary, NC, USA) and STATA
v.13.1 (StataCorp, College Station, TX, USA).

3. Results

3.1. Study cohort

From January 1995 through June 2018, 1818 men with VLR
and LR PCa were enrolled in AS (Table 1). The median follow-
up for men at risk of upgrading was 5.0 yr (interquartile range
[IQR] 2.0–9.0), and the median interval between biopsies was
13 mo (IQR 12–15). In total, 920 men had �5 yr of follow-up
and 305 had �10 yr of follow-up. The cumulative incidences
of ongoing cancer assessment (defined as: PSA, mpMRI, and/
or prostate biopsy within 18 mo) at 3, 5, and 10 yr after
diagnosis were 94%, 88%, and 78%, respectively. The
cumulative incidences of loss to follow-up (defined as no
contact for �18 mo) were 3%, 4%, and 6%, respectively.
Patients lost to follow-up were significantly older and had
lower-risk disease at last biopsy as compared with those not
lost to follow-up (Supplementary Table 1).



Table 1 – Study cohort characteristics.

Very low risk (n = 1293) Low risk (n = 525)

Median (IQR) or n (%) Median (IQR) or n (%)

Age at diagnosis (yr) 66 (61–69) 67 (62–71)
Race
Caucasian 1138 (88) 445 (85)
African American 95 (7) 56 (11)
Other 60 (5) 24 (4)

Year of diagnosis
�2005 357 (28) 100 (19)
2006–2010 428 (33) 115 (22)
2011–2015 391 (30) 202 (38)
>2015 117 (9) 108 (21)

PSA (ng/ml) 4.6 (3.5–5.8) 5.9 (4.5–7.8)
PSA density (ng/ml/cc) 0.09 (0.07–0.12) 0.17 (0.12–0.21)
Number of cores positive for cancer 1 (1–1) 1 (1–3)
Maximum percent involvement of any core with cancer 5 (1–10) 10 (1–30)
Interval between diagnosis and confirmatory biopsy (mo) 12 (10–14) 12 (10–14)
Interval between surveillance biopsies (mo) 13 (12–15) 12 (12–15)
Number of surveillance biopsies 2 (1–4) 1 (1–3)
Follow-up in men at risk of biopsy grade reclassificationa (mo) 68 (31–109) 37 (14–74)
Follow-up in men at risk of curative interventiona (mo) 67 (31–109) 36 (14–72)

IQR = interquartile range; PSA = prostate-specific antigen.
a Follow-up from the time of diagnosis.
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3.2. Primary outcomes: overall mortality, cancer-specific

mortality, and metastatic disease

During follow-up, 92 men died at a median age of 80 yr (IQR
74.5–85.0). There were 88 deaths due to non-PCa causes:
56 men (64%) were undergoing surveillance at the time of
death, 16 (18%) underwent grade reclassification prior to
death, and 16 (18%) underwent volume reclassification prior
to death (Fig. 1). The cumulative incidences of all-cause
mortality were 6.8% (95% confidence interval [CI], 5.1–8.9%)
at 10 yr and 28% (95% CI, 21–37%) at 15 yr.

There were four PCa deaths. As previously described [17],
one patient died 16 yr after enrollment due to metastatic
Fig. 1 – Flow diagram for the Johns Hopkins Active Surveillance Program show
in all cases of grade reclassification. b Includes one death due to prostate canc
deaths due to prostate cancer after treatment. d Includes 45 men who were un
data available (withdrawn or lost), three men who died of non–prostate cance
grade reclassification and subsequently died of prostate cancer. e Includes 12 m
90 men who elected to continue AS, 26 men with no treatment data available 

causes. AS = active surveillance.
PCa clonally distinct from his original cancer, and another
died 15 mo from diagnosis after a recommendation to
undergo AS [4]. Both men were enrolled with VLR PCa. There
have since been two additional PCa deaths. One patient was
diagnosed with LR PCa (GG1, PSAD 0.16) in 1994 at age 69 yr,
underwent biopsy reclassification to GG2 and RP in 1995,
began androgen-deprivation therapy in 2008, and died of
PCa in 2017; another was diagnosed with VLR PCa in 1995 at
age 66 yr, underwent grade reclassification to GG2 and RT in
1996, began androgen-deprivation therapy in 2008, and
died of PCa in 2017.

The cumulative incidence of PCSM was 0.1% (95% CI,
0.01–0.4%) at both 10 and 15 yr. Considering all outcomes
ing outcomes at the time of last follow-up. a Treatment is recommended
er. c Includes 13 deaths due to non–prostate cancer causes and two
decided on treatment at time of analysis, 20 men with no treatment
r causes, and one man who was found to have metastasis shortly after
en who died of non–prostate cancer causes after treatment. f Includes

(withdrawn or lost), and four men who died of non–prostate cancer



Fig. 2 – Cumulative hazard of all-cause mortality versus prostate cancer mortality or metastasis. PCa = prostate cancer.
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observed during the study period between 1995 and 2018,
the relative risk of non-PCa death to PCa death at 23 yr was
22 (95% CI, 8.1–60). One additional patient developed
distant metastasis during follow-up. The patient was
diagnosed with GG1 PCa (PSAD 0.08) in 2013 and under-
went concordant confirmatory biopsy in 2015. Surveillance
mpMRI in 2016 revealed a suspicious lymph node, and
subsequent imaging findings (bone scan and on-study
prostate-specific membrane antigen positron emission
tomography/computed tomography) were consistent with
bony metastases. The cumulative incidence of PCSM or
metastasis was 0.1% (95% CI, 0.04–0.6%) at both 10 and 15 yr
(Fig. 2).

3.3. Secondary outcomes: biopsy grade reclassification and

curative intervention

Overall, 727 men underwent biopsy reclassification during
follow-up. The 5-, 10-, and 15-yr cumulative incidences of
grade reclassification were 21%, 30%, and 32%, respectively,
and those of reclassification to GG � 3 were 6.9%, 10%, and
11%, respectively (Fig. 3). Of the 693 men who underwent
treatment, 538 (78%) elected treatment after biopsy
reclassification and 155 (22%) pursued treatment due to a
change in preference. The 5-, 10-, and 15-yr cumulative
incidences of definitive treatment were 36%, 48%, and 52%,
respectively. The 5-, 10-, and 15-yr cumulative incidences of
clinical outcomes are listed in Table 2.

3.4. Multivariable analysis: patient-level factors and pre-

enrollment mpMRI

Since mpMRI became available in 2013, 537 men underwent
pre-enrollment mpMRI (ie, at the time of diagnostic or
confirmatory biopsy). Of these men, 250 (47%) had positive
mpMRI (PI-RADS 3–5) and underwent mpMRI/ultrasound-
fusion targeted biopsy, while the remaining 287 (53%)
underwent conventional transrectal ultrasound–guided bi-
opsy. Patients who underwent mpMRI prior to enrollment in
AS had higher PSA, PSAD, and maximum core involvement
with cancer than those who did not (Supplementary Table 2).

On multivariable analysis, pre-enrollment mpMRI was
associated with a reduced risk of grade reclassification
(hazard ratio [HR] 0.66, 95% CI, 0.46–0.95, p = 0.03). Other
factors associated with grade reclassification were older age
(HR 1.02 per year, 95% CI, 1.001–1.04, p = 0.04), later year of
diagnosis (HR 1.08 per year, 95% CI,1.04–1.12, p < 0.001), AA
race (HR 1.47, 95% CI, 1.19–2.22, p = 0.03), and measures of
higher-risk disease (PSAD, number of positive cores, and
maximum core involvement; Table 3). Baseline cancer
characteristics and follow-up were not significantly differ-
ent between AA and non-AA men (Supplementary Table 3).

3.5. Findings on mpMRI

To measure the impact of specific mpMRI findings on the
risk of grade reclassification, we performed multivariable
analysis in the subpopulation of men with mpMRI scored
according to PI-RADS v2. Compared with negative mpMRI,
undergoing positive mpMRI (HR 2.83, 95% CI 2.02–4.98, p
= 0.01) and not undergoing mpMRI (HR 1.46, 95% CI, 1.07–
2.63, p = 0.04) were associated with an increased risk of
grade reclassification. Similarly, older age, later year of
diagnosis, higher PSAD, and higher percentage of core
involvement with cancer were associated with grade
reclassification (Supplementary Table 4).

4. Discussion

AS is a widely accepted management option for men with
GG1 PCa [1,2,8], but questions persist regarding long-term
outcomes and the optimal approach to patient selection and



Fig. 3 – Cumulative incidence of biopsy grade reclassification and curative intervention from diagnosis for overall cohort. AS = active surveillance; GG
= grade group.

Table 3 – Multivariable analysis for association between baseline characteristics and outcomes of any grade reclassification and grade
reclassification to GG �3.

Characteristic Adjusted HR (95% CI) p value

Any grade reclassification
Age (per yr) 1.02 (1.001–1.04) 0.04
Year of diagnosis (per yr) 1.08 (1.04–1.12) <0.001
African-American race (vs non-AA) 1.47 (1.19–2.22) 0.03
No. of positive cores 1.26 (1.15–1.38) <0.001
Maximum percent involvement of a core 1.00 (0.99–1.002) 0.7
PSA density (per 0.1-unit increase) 1.32 (1.12–1.57) 0.001
Underwent pre-enrollment mpMRI (vs no mpMRI prior to enrollment) 0.66 (0.46–0.95) 0.03
Grade reclassification to GG �3
Age (per yr) 1.05 (1.02–1.09) 0.01
Year of diagnosis (per yr) 1.06 (1.01–1.13) 0.03
African-American race (vs non-AA) 1.64 (1.08–3.28) 0.02
No. of positive cores 1.11 (1.01–1.40) 0.04
Maximum percent involvement of a core 1.00 (1.00–1.001) 0.8
PSA density (per 0.1-unit increase) 1.19 (0.98–1.46) 0.2
Underwent pre-enrollment mpMRI (vs no mpMRI prior to enrollment) 0.46 (0.24–0.90) 0.02

AA = African American; CI = confidence interval; HR = hazard ratio; mpMRI = multiparametric magnetic resonance imaging; PSA = prostate-specific antigen.

Table 2 – Cumulative incidences of primary and secondary outcomes at 5, 10, and 15 yr from enrollment.

Cumulative incidence (95% CI)

5 yr 10 yr 15 yr

Overall mortality NC 6.8% (5.1–8.9%) 28% (21–37%)
PCSM NC 0.1% (0.01–0.4%) 0.1% (0.01–0.4%)
PCSM or metastasis NC 0.1% (0.04–0.6%) 0.1% (0.04–0.6%)
GR to �GG2 21% (19–23%) 30% (27–32%) 32% (29–35%)
GR to �GG3+ 6.9% (5.8–8.3%) 10% (8.6–12%) 11% (9.3–13%)
Definitive treatment 36% (34–38%) 48% (45–51%) 52% (49–55%)

CI = confidence interval; GG = grade group; GR = grade reclassification; NC = not calculated; PCSM = prostate cancer-specific mortality.
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monitoring [2–4]. Consistent with previous findings [4], the
current analysis revealed 10- and 15-yr cumulative inci-
dences of PCSM or metastasis to be <1%. Accordingly, we
observed a 22-fold increased risk of dying from non-PCa
causes than from PCa at the end of the overall study period.
On multivariable analysis, we found that older age, AA race,
and measures of cancer volume were associated with an
increased risk of grade reclassification. Furthermore, the
use of mpMRI prior to enrollment in AS was associated with
a significant reduction in the risk of reclassification during
follow-up. Thus, despite the evolving nature of surveillance
methods, AS remains a safe option for the vast majority of
men with GG1 PCa.

Acknowledging the promising outcomes of several AS
programs [3–7], current focus has shifted to expanding the
population of men eligible for AS and reducing the burden
of invasive monitoring procedures (ie, biopsy). To this end,
mpMRI and targeted biopsy have been adopted at many
centers. In the current analysis, men who underwent
mpMRI prior to enrollment in AS had higher PSA, PSAD,
and cancer volume compared with those who did not.
Nonetheless, pre-enrollment mpMRI was associated with a
decreased risk of biopsy grade reclassification during
follow-up (HR 0.66, 95% CI, 0.46–0.95, p = 0.03). While
optimal timing for the use of mpMRI in AS remains unclear
[14,18], our findings suggest that mpMRI may contribute to
the following: (1) allowing higher-risk men (ie, increased
GG1 cancer volume and/or PSAD) to enroll in AS and (2)
decreasing the intensity of invasive monitoring. Thus,
current practice at our institution includes mpMRI with
targeted biopsy of PI-RADS �3 lesions prior to enrollment in
AS, at the time of either diagnostic or confirmatory biopsy.

Older age and measures of higher-volume cancer have
previously been established as risk factors for grade
reclassification during AS [19,20]. While racial disparities
in overall PCa incidence and outcomes have widely been
reported, it remains unclear whether these findings reflect
differences in socioeconomic factors (eg, access to care) or
underlying differences in cancer biology [21,22]. Sundi et al
[23] previously found that AA men meeting VLR criteria
were more likely to have adverse surgical pathology than
non-AA men. Leapman and colleagues [24], however,
observed no significant differences in pathological and
biochemical recurrence outcomes by race in an equal access
health system. Consistent with the findings of Iremashvili
et al [25], we detected an increased risk of grade
reclassification in AA men on AS (HR 1.47, 95% CI, 1.19–
2.22, p = 0.03) after adjustment for patient-level character-
istics and use of mpMRI. Still, our findings are based on
limited events, and the magnitude of the association is
modest. Furthermore, it is unclear whether grade reclassi-
fication translates to longer-term outcomes such as
metastasis and mortality. Thus, these data should not be
used to exclude AA patients from AS, but rather represent a
point for discussion in counseling and a critical subject of
additional study.

It is important to discuss our findings in the context of
the landmark ProtecT trial [26], which found that metastasis
was significantly more common in men who underwent
active monitoring than in those who underwent surgery or
radiotherapy. The rate of metastasis observed in the active
monitoring arm of ProtecT was greater than that reported
by our AS cohort and others [3–7]. This can likely be
explained by two factors. First, 23% of the ProtecT cohort
harbored GG �2 PCa, including 2% with GG �4 PCa
[26]. While there is debate regarding which men with
favorable GG2 PCa should be eligible for AS, available data
have consistently demonstrated higher rates of metastasis
in men with higher-grade disease [6,27]. Second, the
monitoring protocol used in ProtecT was limited to PSA
testing every 3–12 mo, with use of biopsy considered only
following a �50% PSA increase. By contrast, nearly all AS
programs utilize scheduled biopsies, and the majority now
utilize mpMRI [28]. Thus, the level of monitoring utilized in
ProtecT does not reflect AS practiced today and endorsed by
clinical guidelines.

Regardless, there is likely a less intensive approach to
monitoring than ours that can achieve similar outcomes.
The multi-institutional Prostate Cancer Research Interna-
tional Active Surveillance (PRIAS) study performs scheduled
biopsies at years 1, 4, 7, and 10 of surveillance, with
additional biopsies performed based on PSA kinetics
[7]. PRIAS has similarly reported 10-yr cancer-specific
mortality of <1%, although the associated 10-yr rate of
discontinuing AS was 73%. Nonetheless, data from our
program and others indicate that the risk of reclassification
is highest initially and decreases with extended follow-up
[29]. These findings suggest that a less intensive monitoring
paradigm may be appropriate after a successful period of
surveillance, but this must be balanced with the risk of older
age consistently observed in this setting. Ultimately, a
balance has to be reached between the risk of cancer
progression and excessively burdensome monitoring. Cer-
tainly, contemporary monitoring protocols will bear little
resemblance to those conceived in 1995, when resistance to
the idea of cancer surveillance was high. Use of biopsy will
continue to decrease, replaced instead by noninvasive
alternatives such as imaging and blood or urine biomarkers.
As we pursue such innovation, patient-specific risk factors
should continue to drive personalized conversations
weighing the risks and benefits of various management
strategies.

There are limitations of our study. First, acknowledging
the prolonged history of PCa and use of the NDI [30], our
assessment of longer-term outcomes may be incomplete.
Second, we do not routinely collect comorbidity data and
therefore cannot evaluate comorbidities in our cohort. Third,
implementation of mpMRI was based on provider discretion
as opposed to a scheduled protocol, making it difficult to
draw conclusions regarding the impact of mpMRI. Owing to
the limited number of metastatic and lethal events, our
multivariable analysis was based on biopsy grade reclassifi-
cation—a surrogate measure that may not translate to long-
term outcomes. Finally, our protocol was conceived to
demonstrate the potential safety of AS in carefully selected
and intensively monitored patients. Therefore, our observa-
tions may not reflect those expected in higher-risk patients or
those under less intensive monitoring.
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5. Conclusions

These data support the safety of AS as a guideline-
endorsed, first-line management approach in most men
with GG1 PCa. Patients should be counseled with regard to
their personal preferences and informed of the limitations
of currently available data. With additional follow-up of
our cohort and others, optimal use of mpMRI and other
technologies will be better defined, and the approach to AS
will continue to evolve toward a sufficiently thorough, less
invasive ideal.
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