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Background—An increasing proportion of prostate cancer is being managed conservatively.
However, there are no randomized trials or consensus regarding the optimal follow-up strategy.

Objective—To compare life expectancy and quality of life between watchful waiting (WW)
versus different strategies of active surveillance (AS).

Design, setting, and participants—A Markov model was created for US men starting at age
50, diagnosed with localized prostate cancer who chose conservative management by WW or AS
using different testing protocols (prostate-specific antigen every 3—6 mo, biopsy every 1-5 yr, or
magnetic resonance imaging based). Transition probabilities and utilities were obtained from the
literature.

Outcome measurements and statistical analysis—Primary outcomes were life years and
quality-adjusted life years (QALYS). Secondary outcomes include radical treatment, metastasis,
and prostate cancer death.

Results and limitations—All AS strategies yielded more life years compared with WW.
Lifetime risks of prostate cancer death and metastasis were, respectively, 5.42% and 6.40% with
AS versus 8.72% and 10.30% with WW. AS yielded more QALY's than WW except in cohorts age
>65 yr at diagnosis, or when treatment-related complications were long term. The preferred
follow-up strategy was also sensitive to whether people value short-term over long-term benefits
(time preference). Depending on the AS protocol, 30-41% underwent radical treatment within 10
yr. Extending the surveillance biopsy interval from 1 to 5 yr reduced life years slightly, with a 0.26
difference in QALYSs.

Conclusions—AS extends life more than WW, particularly for men with higher-risk features,
but this is partly offset by the decrement in quality of life since many men eventually receive
treatment.

Patient summary—More intensive active surveillance protocols extend life more than watchful
waiting, but this is partly offset by decrements in quality of life from subsequent treatment.

Keywords
Prostate cancer; Active surveillance; Watchful waiting; Conservative management; Markov model

1. Introduction

Prostate cancer (PCa) screening reduces advanced disease and PCa-specific death [1,2], but
also leads to “overdiagnosis” and overtreatment of indolent tumors [3,4]. Conservative
management is increasingly utilized for favorable-risk PCa to delay or avoid aggressive
treatment and potential side effects [5]. Prior comparative-effectiveness models have
confirmed that this is a valid strategy for certain patients [6-8], with improved quality of life
(QOL) and reduced initial resource utilization [9].

Despite agreement on the importance of conservative management to preserve screening
benefits and reduce overtreatment [10], there is no consensus what to do next [11,12].
Conservative management encompasses two very different strategies: “watchful waiting”
(WW) without curative intent and “active surveillance” (AS) with serial testing for “disease
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progression” to offer selective delayed treatment with curative intent. No randomized trials
have compared benefits and harms between WW and contemporary AS. Furthermore, for
patients choosing AS, there is no consensus on the type, frequency, or sequence of follow-up
tests to monitor for disease progression [11]. Thus, the objective of this clinical decision
analysis is to compare life expectancy and quality-adjusted life expectancy between WW
and different AS protocols for US men =50 yr.

2. Patients and methods

We developed a state-transition Markov model to compare different strategies of
conservative management for a cohort of US men diagnosed with clinically localized PCa
who chose conservative management. Markov models represent a hypothetical cohort
moving among predefined health states that are mutually exclusive and collectively
exhaustive [13]. Our model starts when the patient is diagnosed with PCa and begins
conservative management. We used this model to evaluate two different outcomes: life years
(LYs) and quality-adjusted life years (QALYS), which put quality and quantity of life into
the same metric by multiplying the predicted duration of each health state by the utility
(QOL weight) for living in that state. The model was analyzed and reported according to
ISPOR/SMDM international recommendations [13].

The base case analyses compare WW (follow without further testing until the development
of advanced PCa or death from other causes) with AS with prostate-specific antigen (PSA)
every 6 mo and yearly biopsy (based on the Johns Hopkins AS protocol [14]). We also
examined an AS strategy with more frequent PSAs (quarterly) with biopsies at years 1, 3, 7,
and 10, and then every 5 yr, similar to Prostate Cancer Research International Active
Surveillance (PRIAS) [15], and an exploratory strategy including PSA every 6 mo and
magnetic resonance imaging (MRI) yearly where biopsy is performed only if MRI is
abnormal. Finally, we evaluated an exploratory strategy with PSA every 6 mo and biopsy
every 5 yr. For all strategies, biopsies were discontinued at age 75 yr in the main analysis, as
in the Johns Hopkins program [14].

We used a state-transition cohort model to obtain estimates for specific populations of
interest determined a priori, based on clinical features. For the main analysis, the cohort
started at age 50 yr, and the model was rerun for cohorts starting at age 40, 65, 70, and 75 yr.
Figure 1 shows a schematic of the model. At the start, men have been diagnosed with PCa
and they have chosen conservative management. Some were classified accurately with
Gleason 6 (grade group 1), while others were misclassified and have undetected higher-
grade disease. During each model cycle, individuals can remain on conservative
management, undergo treatment for reclassification (then into a post-treatment state),
develop metastases, or die. We used a cycle length of 1 mo and a lifelong time horizon due
to the long natural history of PCa. Depending on the approach to conservative management,
some cycles may include rebiopsy. Overall mortality data were obtained from US life tables,
with a priori adjustment by a multiplier of 0.45 to account for the highly selected healthier
population affected by localized PCa [14]. Our model considered the following potential
harms: biopsy complications, short- and long-term complications of PCa treatment
(aggregate measure including sexual, urinary, and bowel dysfunction), and development of
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metastasis. Since our objective was to examine efficacy, we assumed 100% compliance with
protocol-recommended biopsies and that all men found to have disease reclassification
(increases in tumor grade) underwent treatment.

Table 1 shows the model inputs (see Supplementary material for details). Transition
probabilities between states were estimated from the literature. Previously published
“utilities” (ie, QOL weights reflecting quantitative health preferences) were used to quantify
QOL implications for each disease state [16].

One- and two-way deterministic sensitivity analyses were performed to assess the
implications of uncertainty for key variables. Tornado diagrams were used to summarize
results of one-way sensitivity analysis. Since previous studies showed an impact of time
preference on PCa treatment selection, we also performed sensitivity analysis using
discounting (ie, assigning lower weights to future events) [17]. We also estimated the risk of
radical treatment, metastasis, and PCa death. Model validation was performed based on
ISPOR-SMDM recommendations and comprised the following: (1) expert consensus on
face validity of model inputs, structure, and results; (2) verification through extensive
sensitivity and extreme value analysis; (3) cross validation to previous models; and (4)
blinded external validation to partially dependent and independent published studies with >5
yr follow-up [18]. All analyses were performed using TreeAge Pro version 2014 (TreeAge
Software, Inc., Williamstown, MA, USA).

3.1. Main base case analysis

Table 2 shows the base case results of the decision analysis. In a cohort of men starting at
age 50 with low-risk PCa undergoing conservative management, AS using the Johns
Hopkins strategy yielded more LYs compared with WW (35.21 vs 34.55 LYs, or a difference
of 0.66 life-years; Table 2). Lifetime risks of PCa death and metastasis were, respectively,
5.42% and 6.40% with AS versus 8.72% and 10.30% with WW. Men on AS had a 50%
lifetime risk of undergoing radical treatment.

Using the outcome of quality-adjusted life expectancy, AS yielded more QALY (33.89)
than WW (33.36 QALYs, or a difference of 0.53 life-years).

For a cohort starting at age 40 yr (Table 2), AS yielded more LYs and QALY's compared
with WW. By contrast, among men aged =65, WW had more QALY's than AS (Table 2).
Supplementary Table 1 shows LYs and QALY's for men with very low-risk PCa.

3.2. Alternative AS protocols

In men aged =50 yr, using PRIAS, MRI-based, and 5-yr biopsy strategies yielded 35.12,
35.20, and 34.99 LYs, respectively. Lifetime risks of PCa death and metastasis were 6.01%
and 7.10% with PRIAS, 5.40% and 6.39% with the MRI-based, and 6.93% and 8.19% with
the 5-yr biopsy strategies, respectively. Lifetime risks of receiving radical treatment were
46% with PRIAS, 50% with the MRI-based, and 43% with 5-yr biopsy strategies. AS using
the PRIAS (33.79 QALYs), MRI-based (33.89 QALYSs), and 5-yr biopsy (33.63 QALYS)
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strategies yielded higher QALY's than WW (33.36 QALYSs). Supplementary Table 2 shows
the 10-yr and lifetime risks of receiving radical treatment, metastasis, and PCa death for
cohorts starting at different ages.

3.3. Sensitivity analyses

In one-way sensitivity analysis for the end point of LYs (Fig. 2A), the risk of metastasis for
untreated grade reclassification, age at initiation, proportion with initial misclassification,
and ratio of reduction in metastasis with treatment versus WW had the greatest overall
impact on remaining life expectancy. However, only age >77.6 yr at initiation led to a switch
in preferred strategy from AS to WW based on the outcome of LYs. To test whether this age
sensitivity was an artifact of discontinuing biopsies at 75 yr in the base case scenario, we
generated a separate model and performed an analysis starting at age 70 and 75 yr with
biopsies extending until 85 yr, and AS yielded slightly more LYs (+0.14 and +0.07,
respectively).

Given the variability in reported rates of treatment-related complications and difficulties in
estimating joint-state utilities for side effects, sensitivity analyses were also performed for
the outcome QALY (Fig. 2B). The discount rate, risk of metastasis for untreated grade
reclassification, duration of treatment complications, and age at initiation all had a
substantial impact on expected QALY. However, the only parameters leading to a shift in the
preferred management strategy were discount rate (0.0018), risk of metastasis (2.4% at 10y),
duration of treatment-related complications (>27 y) and age.

In two-way sensitivity analyses (Fig. 3A), AS was preferred with a shorter duration and
lower decrement in utility from treatment-related complications, whereas WW was
associated with more QALY with long-term larger utility decrement from treatment
complications. AS was also associated with more QALY across the range of utilities, except
at a very low probability of metastasis and high decrement in utility from treatment-related
complications (Fig. 3B).

Two way sensitivity analyses were also performed for discount rates to characterize the
substantial sensitivity to time preference (Fig. 3C). Setting the probability of treatment-
related complications at 0, WW was the preferred choice if the discount rate is >0.0023
(below the lower plausible bound of 0.03). Even at the highest probability of metastasis used
in our sensitivity analysis of 0.002 (or 21% at 10 yr), discounting >0.005 made WW
preferred to AS.

4. Discussion

AS extends life more than WW, particularly for men with higher-risk disease with a greater
risk of metastasis. However, intensive follow-up protocols with frequent rebiopsy and use of
radical treatment for men with grade reclassification may reduce QOL. Extending the
interval between biopsies up to 5 yr led fewer men to receive radical treatment, with a small
reduction in incremental LY's and QALYSs. Time preferences and duration of QOL
decrements from treatment side effects also had a significant impact on the results. These
findings show the importance of shared decision making; these trade-offs should be
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discussed with patients to provide decisions regarding the intent and intensity of
conservative management options based on individualized patient preferences [19].

These results are particularly timely given recent evidence that the use of conservative
management for PCa is rapidly increasing. In the USA, there was a significant spike in the
use of conservative management up to >40% in 2010-2013 [20], with similar trends
internationally [21]. Nationwide Swedish data showed that 91% of very low-risk and 74%
of low-risk patients chose AS in 2014 [22].

Despite increasing utilization, there are limited data determining what to do next for men
choosing conservative management and real-world practice patterns vary widely [23,24]. A
2011 National Institutes of Health (NIH) consensus conference concluded that “follow-up
under AS is variable and not currently evidence-based. The types of monitoring and their
optimal frequency need to be defined. It is important to consider whether follow-up should
vary based on tumor and patient characteristics” [11]. First, there is no level 1 evidence that
AS is superior to WW. Moreover, for patients choosing AS, there is no consensus on the
type, frequency, or sequence of follow-up tests to monitor for disease progression [11]. That
notwithstanding, the choice of follow-up testing may have significant implications for
patients and healthcare system. PSA and digital rectal examination are less invasive and
costly, but may not reliably identify disease progression [25]. In a randomized trial, men
with screen-detected PCa monitored primarily based on PSA kinetics without regularly
scheduled biopsies had a higher risk of metastasis at 10-yr than those who received
prostatectomy or radiation therapy [26]. Contemporary AS programs also incorporate serial
prostate biopsies every 1-5 yr. Prostate biopsies provide information on grade and tumor
volume [27], but are invasive with increasing infectious complications [28]. Finally,
numerous AS programs have recently begun using MRI, reporting a high positive predictive
value for disease progression [29-31]. MRI is more expensive and time consuming than
blood or urinary markers, but less invasive than biopsy. No data from prospective,
randomized trials are published comparing alternative conservative management strategies.

Decision-analytic modeling studies are useful in such situations with multiple management
alternatives with substantial tradeoffs and no randomized evidence supporting one approach
over another [32]. The results of our decision analysis provide novel data demonstrating that
the testing regimen during AS has only a small impact on estimates of LY's or QALYSs. By
contrast, tumor features, treatment-related morbidity, and patient preferences may have a
large impact on the preferred approach to conservative management, suggesting that patient-
shared decision making with an individualized assessment of tumor characteristics and
patient preferences is important even once a patient has chosen to defer treatment [19].
Although there are challenges associated with performing preference assessment in clinical
practice, this is an area of significant active investigation [33].

Randomized trials comparing surgery versus observation suggested that certain subgroups
have greater benefit from aggressive treatment (eg, age <65 yr, PSA >10) [8,34]. Our model
suggests that some of these same factors also affect the preferred approach to conservative
management, with trade-offs between more intensive testing to detect reclassification in time
for curative treatment with potential side effects, versus less intensive testing without
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curative intent. These results are consistent with what has been observed comparing various
AS approaches in the literature [35]. Factors that increase the risk of severe, lasting
treatment-related complications also favor a less intensive approach to conservative
management (WW), whereas factors increasing the risk of metastasis with untreated cancer
favor a more intensive approach (AS). Overall, there was limited benefit to performing
additional biopsies after age 75 yr (<10 yr life expectancy) and already more harm than
benefit in the cohort aged =65 yr, suggesting that a transition to WW around this time is
reasonable.

We also observed that the preferred choice of monitoring during conservative management
was exquisitely sensitive to time preference. A recent study found that time discounting was
negatively associated with choice of prostatectomy over AS [17]. Our results expand upon
this for men who have already chosen conservative management, showing that a high
discount rate (focused on well-being in the present) favors WW, while a low discount rate
(places more emphasis on future well-being) favors AS. This raises the question as to
whether time preferences should be assessed as part of clinical decision-making; however,
this presents logistical challenges and would require further research on how to perform
such an assessment in clinical practice.

As in all decision analyses, this study has several limitations, including uncertainty for
several model parameters. We performed extensive sensitivity analysis to make this
uncertainty transparent, revealing that few parameters had a substantive impact on model
results. Notable exceptions are the extent and duration of QOL impact from treatment-
related complications, which vary widely in the literature [36]. That notwithstanding, our
model suggested that a switch in the preferred decision would only occur with severe, lasting
treatment-related complications. Another drawback to our study is limited published data for
many AS testing strategies. However, the model suggests that the precise protocol is not
among the key determinants of LY's or QALYSs, confirming the robustness of our results.
Similarly, the amount of initial misclassification may be lower using new genomic markers
and MRI-targeted biopsy. However, the results were robust, and inferences for decision
making changed neither in sensitivity analyses with a hypothetical scenario of 0% initial
misclassification, nor in sensitivity analysis improving MRI performance characteristics,
suggesting that these are also not key determinants of LYs or QALYs. Another limitation is
that we used a Markov cohort simulation, precluding the ability to track test results over
time. Follow-up studies using microsimulation [19] are warranted given that reclassification
is a conditional probability [37]. Finally, in order to compare the efficacy of different
protocols under ideal conditions, we assumed 100% compliance with protocol-indicated
biopsies and treatment recommendations when reclassification occurs. While we begin to
incorporate these data into patient counseling, future studies are warranted, including an
effectiveness analysis with real-world adherence rates and incorporating other end points
such as cost effectiveness, which are also critical for healthcare decision making [38].

5. Conclusions

AS extends life more than WW, but this is partly offset by the decrement in QOL since a
substantial proportion ultimately undergo radical treatment. Patient preferences had a
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significant influence on model results, and further research is warranted on how to optimally
incorporate preference assessment into clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take Home Message

Active surveillance extends life more than watchful waiting, particularly for men with
higher-risk features, but this is partly offset by decrements in quality of life from delayed
treatment. Trade-offs about the intensity of surveillance should be discussed with
patients.

Eur Urol. Author manuscript; available in PMC 2018 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Loeb et al. Page 13

No Tx,

Progression

No Tx, No
Progression

Treatment e

Treatment
- ) for — for

Progression <
Progression
Prostate
Cancer

No Tx,No
Prog,
Biopsy

Post
Treatment
Choice

Treatment
Choice

All States
Except

Prostate
Death

Fig. 1.

chhematic diagram of the state-transition Markov model for men undergoing conservative
management of prostate cancer showing all the possible states that men in the model can be
in and all the possible transitions between states. At the start, men have been diagnosed with
PCa and have chosen conservative management. Some were classified accurately with
Gleason 6 (grade group 1), while others were misclassified and have undetected higher-
grade disease. During each model cycle, individuals can remain on conservative
management, undergo treatment for reclassification (then into a post-treatment state),
develop metastases, or die. PCa = prostate cancer; Prog = progression; Tx = treatment.
Biopsy, treatment and post-treatment states are silent during watchful waiting. In the efficacy
analysis shown in this paper, patients only undergo treatment for evidence of reclassification.
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(a) Tornado diagram showing one-way sensitivity analyses for the outcome life-years
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(b) Tornado diagram showing one-way sensivity analyses for the outcome quality-adjusted life-
years
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Fig. 2.

Togrnado diagram showing a series of one-way sensitivity analyses of key variables for the
outcome of (A) LYs and (B) QALYs comparing AS (Johns Hopkins) with WW. The tornado
diagram for incremental LY's (or QALYSs) shows how the difference in LYs (or QALYS)
between AS and WW changes when the value of a parameter varies. The X-axis shows the
difference in LYs (or QALYS) between AS and WW. The dotted line shows the difference in
LYs (or QALYss) for the base case analysis, where AS has 0.66 more LY's (or 0.53 more
QALYs) than WW. Each bar shows how much the difference in LYs (or QALYS) changes
when we change a specific parameter within its range. If a bar crosses “0” in X-axis, it
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means that AS has less LYs (or QALY's) than WW and therefore the decision is reversed. AS
= active surveillance; LY = life year; QALY = quality-adjusted life year; WW = watchful
waiting.
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Sensitivity Analysis on decrement in utility from complications after
treatment vs. duration of treatment complication
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(€)

Sensitivity Analysis on discount rate for utilities vs. probability of
metastasis with untreated grade reclassification
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Fig. 3.

Tv?/o-way sensitivity analyses for the (A) decrement in utility from treatment complications
and the duration of treatment-related complications, (B) probability of metastasis for
untreated grade reclassification and decrement in utility from treatment-related
complications, and (C) discount rate and probability of metastasis with untreated grade
reclassification. Active surveillance (Hopkins) is preferred with a shorter duration and less
utility decrement from treatment complications, and with an increasing probability of
metastasis for untreated grade reclassification, whereas watchful waiting has more QALY's
with a large decrement in utility and long duration of treatment-related complications, and
with a higher discount rate. QALY = quality-adjusted life year.
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Table 1

Parameters of the Markov model comparing watchful waiting and active surveillance

Page 18

Variable

Point estimate

Range for sensitivity
analysis®

Epidemiologic variables

Proportion with initial grade misclassification [39]
Probability of grade reclassification [40,41]

Probability of metastasis with untreated grade reclassification [42-45]

Relative risk of metastasis with treatment versus watchful waiting
[8,26,42]

Probability of PCa death given metastasis [46—49]

Test performance variables
PSA sensitivity [25]
PSA specificity [25]
MRI sensitivity [50]
MRI specificity [50]
Biopsy sensitivity with normal MRI [51,52]
Increase in biopsy sensitivity with an abnormal MRI [51]
Biopsy specificity
Complications variables
Probability of infection after biopsy[53,54]
Probability of death from treatment [6,8,26,55,56]
Utilities &
Utility for no treatment [16]
Decrement in utility for patients having complication after biopsy [16]¢

Utility during treatment [16]

Decrement in utility from complications after treatment [6,16,57] d
Duration of utility decrement from complications after treatment [16]
Decrement in utility with metastasis [6,16,57]

Discount rate

35% low risk

31% very low risk
Low risk: 1.2%/yr
Very low risk: 1%/yr

MFS 99% at 5 yr, 91% at 10 yr, 82%
at 15 yr, then stabilizes

0.57

Median overall survival 60 mo, 85%
PCa death

49.5%
50.8%
69%
78%
53%
32%

1

4.0%
0.2%

0.97
0.07
0.67
0.02
10 yr
0.21

0-42%

0-2.7%lyr

1.2-21.3% at 10 yr

0.38-0.75

20-80 mo

40.2-58.8%
44.2-78.7%
44-86%
53-91%
43-63%
23-38%

Fixed at 1 (assumption)

0-6.3%
0-0.88%

0.5-1
0.06-0.43
0.65-0.90
0-0.29
1-40 yr
0.10-0.50
0-0.03

MFS = metastasis-free survival; MRI = magnetic resonance imaging; PCa = prostate cancer; PSA = prostate-specific antigen.

a o . .
The range for sensitivity analysis was drawn from the literature.

Utility decrements were used to preserve the rank order of utilities for different states. For example, the utility for “no treatment, biopsy™ is
defined by subtracting the decrement of utility for the “no treatment, biopsy” state from the utility of the “no treatment” state. By setting the upper
bound of the decrement to be less than the utility of the “no treatment” state, we can assure that the utility for the “no treatment, biopsy” state is

always lower than that for the “no treatment” state.

cThe decrement in utility for biopsy complications was applied for 1 mo.

d . . T
A decrement of 0.11 was applied to men undergoing treatment at age >70 to account for more frequent complications in this age group.
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Comparisons of remaining life expectancy and quality-adjusted life expectancy between active surveillance
using different protocols for men with low-risk prostate cancer, compared with watchful waiting in the cohorts
aged =40 yr, =50 yr (base case), =65 yr, =70 yr, and =75 yr

Strategy Remaining life Incremental LY  Quality-adjusted  Incremental QALY

expectancy (LY) life expectancy

(QALY)

Cohort aged 240 yr
Watchful waiting 42.94 - 41.47 -
AS—Hopkins 43.96 +1.03 42.36 +0.89
AS—PRIAS 43.81 +0.88 42.20 +0.73
AS—MRI based 43.96 +1.03 42.36 +0.90
AS—5 yr 43.58 +0.64 41.95 +0.49
Cohort aged =50 yr
Watchful waiting 34.55 - 33.36 -
AS—Hopkins 35.21 +0.66 33.89 +0.53
AS—PRIAS 35.12 +0.57 33.79 +0.44
AS—MRI based 35.20 +0.65 33.89 +0.53
AS—5yr 34.99 +0.44 33.63 +0.27
Cohort aged =65 yr
Watchful waiting 22.60 - 21.80
AS—Hopkins 22.83 +0.24 21.70 -0.10
AS—PRIAS 22.81 +0.22 21.70 -0.10
AS—MRI based 22.83 +0.24 21.71 -0.10
AS—5yr 22.78 +0.19 21.67 -0.13
Cohort aged 270 yr
Watchful waiting 18.87 - 18.21 -
AS—Hopkins 19.02 +0.14 17.89 -0.31
AS—PRIAS 19.00 +0.13 17.93 -0.28
AS—MRI based 19.01 +0.14 17.89 -0.32
AS—5 yr 18.99 +0.12 18.00 -0.20
Cohort aged =75 yr
Watchful waiting 15.35 - 14.81 -
AS—Hopkins 15.42 +0.07 14.48 -0.33
AS—PRIAS 15.41 +0.06 14.52 -0.29
AS—MRI based 15.42 +0.07 14.47 -0.34
AS—5yr 15.41 +0.06 14.63 -0.18

AS = active surveillance; LY = life years; QALY = quality-adjusted life years; MRI = magnetic resonance imaging; PRIAS = Prostate Cancer

Research International Active Surveillance.
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