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A Decision Analysis Comparing 3 Active Surveillance Protocols
for the Treatment of Patients With Low-Risk Prostate Cancer

Craig White, PhD "' '; Tony Nimeh, MD "%/ 2, G. Scott Gazelle, MD, MPH, PhD®%; Milton C. Weinstein, PhD*;
and Kevin R. Loughlin, MD, MBA®

BACKGROUND: Active surveillance (AS) is a viable management option for approximately 50% of men who are newly diagnosed
with prostate cancer. To the authors’ knowledge, no direct comparisons between the different variants of AS protocols have been
conducted to date. The authors developed a microsimulation decision model to evaluate which of 3 alternative AS protocols is opti-
mal for men with low-risk prostate cancer, and compared each of these with immediate treatment. METHODS: Men who were diag-
nosed with low-risk prostate cancer at age 65 years were modeled as having been treated with either immediate therapy or via each
of 3 AS protocols. Modeled AS protocols represent those in the literature; a modified AS protocol was included in a sensitivity analy-
sis. Immediate therapy included radical prostatectomy, external-beam radiotherapy, or brachytherapy. Outcome measures were
quality-adjusted life-years (QALYs) and costs. Cost-effectiveness analysis and deterministic and probabilistic sensitivity analyses
were performed. RESULTS: Immediate therapy produced fewer QALYs than all variants of AS. Of the AS protocols evaluated, bien-
nial biopsy was found to be the only efficient option, with an incremental cost-effectiveness ratio of $3490 per QALY compared with
immediate therapy. It delayed the need for curative therapy by a mean of 56 months, and was found to be preferred in >86.9% of
cases in probabilistic sensitivity analysis. A modified version of low-intensity AS dominated all other options. CONCLUSIONS: For a
65-year-old man with low-risk prostate cancer, AS with biennial biopsy appears to be highly cost-effective compared with common
alternatives. An AS protocol using triennial biopsy was found to dominate all other strategies and should be considered for men who
are comfortable with a longer period between biopsies. The optimal strategy depends on a patient’s tolerance for periodic biopsies
and comfort with delaying radical treatment. Physicians should incorporate these patient preferences into decision making.
Cancer 2018;0:1-11. © 2078 American Cancer Society.
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INTRODUCTION

In the early 1990s, prostate-specific antigen (PSA) screening led to the increased detection of early-stage prostate
cancer.”? Approximately 50% of newly diagnosed patients are diagnosed with low-risk prostate cancer, defined as
organ-confined disease (classified as T1/T2a), a PSA level <10 ng/mL, and a Gleason score <6 on prostate biopsy.3
Due to this increased detection of low-risk cancers, clinicians have developed less aggressive management atlgorithms.4
Traditional therapies such as radical prostatectomy, brachytherapy, and external-beam radiotherapy frequently cause side
effects such as erectile dysfunction and urinary and bowel incontinence, the risk of which may outweigh the benefits of
immediate treatment. Despite the increased use of less aggressive strategies, to the best of our knowledge no definitive
protocol currently exists.”

For men with an initial diagnosis of low-risk disease, disease progression often is slow enough that the side effects
of radical treatment can be delayed, and occasionally avoided, without reducing the patient’s survival.”® The term “active
surveillance” (AS) suggests a treatment plan whereby the intention is to cure the patient, but in which radical treatment
may be avoided permanently because the cancer’s rate of progression is slow enough that patients are likely to die of
other causes.”
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TABLE 1. Existing Studies Reporting AS Protocols and Their Eligibility Criteria

AJCC TNM Positive Core Needle Cancer per Core

Institution Staging GS PSA PSAD, ng/mL/mL Biopsies Needle Biopsy
Johns Hopkins 1c <6 <0.15 <2 <50%
Miami <T2a <6 <10 <2 <20%
Aarau, Switzerland <6 <0.15 <2 <50%
McGill University <2b <6 <2 <50%
UCSF <2 <6 <10 <33% <20%
Dana-Farber 1c-2¢ <6 <3 <50%
Chicago/MSKCC 1-2a <6 <3
Royal Marsden 1-2 <6° <50%

Hospital, UK
Cleveland Clinic 1c-2a <6 <10
Princess Margaret 1c-2a <6 <10 <3 <50%

Hospital, UK
MSKCC <2a <6 <10 <3 <50%
Monash and Southern <7 6.5° <2
PRIAS 1c-2 <6 <10 <0.2 <2
Toronto 1 <6° <10¢
Connecticut 1-2a <6 <10 <2 <50%

Abbreviations: AS, active surveillance; GS, Gleason score; MSKCC, Memorial Sloan Kettering Cancer Center; PRIAS, Prostate Cancer Research International
Active Surveillance; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density; UCSF, University of California at San Francisco.

2For patients aged >65 years this was relaxed to <7.

PThis study did not provide a threshold. The number reported is a median Gleason sum.

°Until January 2000, this was relaxed to <7 for patients aged >70 years.
dUntil January 2000, this was relaxed to <15 for patients aged >70 years.

AS Protocols

There is a wide range of intensity in the monitoring
regimens of AS protocols, from digital rectal examina-
tion (DRE) and PSA measurements every 3 months with
yearly biopsies to semiannual DRE and PSA with biop-
sies performed every 3 to 4 years (Table 1).>7% More
intense monitoring may not necessarily confer better out-
comes because it brings its own set of problems, such as
lower compliance and the risk of protocol abandonment,
and imposes burdens of patient pain and suffering and
emotional and financial costs.””™® To our knowledge,
no published study to date has compared multiple active
surveillance protocols.

Concerns Regarding Disease Progression

Several studies of patients with low-risk prostate cancer
have indicated that the risk of metastasis is low, and that
prostate cancer—specific survival rates are high for patients
with disease that has not yet metastasized.>*** Data from
the recent Prostate Testing for Cancer and Treatment
(ProtecT) trial indicate that after a median follow-up of
10 years, only 1% of patients had died due to their cancer
compared with 9% of patients who died of other causes,
and that there was no significant difference noted with re-
gard to overall survival between men undergoing radical
treatment and those under AS.® It is interesting to note
that the ProtecT trial implemented an “active monitoring”
strategy that included only PSA testing and no biopsy,
which is less “intense” than all AS protocols we modeled.

Although there may never be a prospective ran-
domized trial comparing the effectiveness of various AS
protocols, we now have sufficient data to predict what
might be the optimal monitoring intensity for patients
with low-risk prostate cancer. We reviewed reported AS
protocols and then modeled their clinical effectiveness
and cost-effectiveness to make appropriate recommen-
dations regarding monitoring intensity that balance
oncologic outcomes against patient mortality, morbidity,
and cost.

MATERIALS AND METHODS

We created a Markov state transition patient-level mi-
crosimulation model with a monthly cycle length in
TreeAge Pro 2015 (version 15.1.0.0-v20150223; TreeAge
Software Inc, Williamstown, Massachusetts) to model
the effects of alternative strategies for treating patients
with low-risk prostate cancer (PSA level <10 ng/mL
and Gleason score <7). All other statistical analyses
were undertaken in R statistical software (version 3.1.1;
R Foundation, Vienna, Austria). A model schematic is
shown in Figure 1 and in more detail in Supporting
Figures S1 to S4.

In the base case analysis, we simulated 3 variants
of AS protocols, each of which resembles a protocol
that has been reported on in the published literature
(the search terms and results of the economic litera-
ture review can be found in the Supporting Materials;
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Figure 1. Conceptual model structure. BT indicates brachytherapy; H, high intensity; L, low intensity; M, medium intensity;

PE, Prostatectomy; RT, radiotherapy.

the review was undertaken to find parameters for the
model, and was in addition to the literature review for
AS protocols we report on within the current study),
and a nationally representative immediate curative treat-
ment strategy. In the model, men were diagnosed at age
65 years, and outcomes from each of the 3 strategies
were simulated. Each man entered the model with a PSA
level and PSA velocity that were assigned randomly from
within a plausible range taken from the literature.”*?
Men then were tracked until death from cancer or back-
ground causes. US Social Security Administration 2009
life tables were used to model background mortality risk
and discounted utilities and costs at an annual rate of
3%. To reflect parameter uncertainty, we ran our model
1000 times, each time with 10,000 patients using a
unique parameter set sampled from the defined distri-
butions. We averaged over all simulations to determine
the mean effectiveness and cost for each strategy. For
cach strategy, total quality-adjusted life-years (QALYs)
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and costs per patient were reported. Probabilistic sensi-
tivity analyses were performed based on the distribution
of costs and QALYs across the 1000 randomly selected

parameter sets.

AS Protocols

Each variant of AS modeled involved DRE, PSA, and
biopsy. Low-intensity AS included DRE and PSA testing
quarterly for 24 months and then semiannually there-
after, confirmatory biopsy at 12 months and then tri-
ennially thereafter, and bone scans for any man whose
PSA increased to >20 ng/mL. This protocol modeled
that used in the Prostate Cancer Research International
Active Surveillance (PRIAS) study. Medium-intensity
AS included PSA and DRE testing semiannually and
biopsy biennially, whereas high-intensity AS involved
PSA and DRE testing semiannually and biopsy annu-
ally. Table 2 lists the bases for each of these intensity
classifications.
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TABLE 2. Study Protocols and Intensity Classifications

Institution PSA DRE Biopsy Intensity Classification
Johns Hopkins q6 q6 ql2 High
Miami q3 q3 ql2 High
Aarau, Switzerland q6 q6 q12 High
McGill University q3 q3 ql2 High
UCSF q3-6 q3-6 ql12-24 Medium
Dana-Farber q6 q6 q12-18 Medium
Chicago/MSKCC q6-12 q6-12 q12-36 Medium
Royal Marsden Hospital, UK q3-6 q3-6 q18-24 Medium
Cleveland Clinic q6-12 q242 Medium
Princess Margaret Hosp q3-6 q6 q24—36b Low
MSKCC q6 q6 q24-36° Low
Monash and Southern q3 q6 q36¢ Low
PRIAS q3-6° q3-6° q36' Low
Toronto q3-6¢ q36-48° Low
Connecticut g6m q6-12 q24" Low

Abbreviations: DRE, digital rectal examination; MSKCC, Memorial Sloan Kettering Cancer Center; PRIAS, Prostate Cancer Research International Active
Surveillance; PSA, prostate-specific antigen; UCSF, University of California at San Francisco.

2Initial Confirmatory Biopsy is undertaken.

PUntil 80 years old.

CInitial biopsy at 12-18 months, then subsequent at 24-36 months.
9Initial biopsy at 12 months, then subsequent at 36 month intervals.
°g3 months for first 2 years, then g6 months.

fInitial follow up at gq12, then q36 following. If PSA doubles between years 3-10, q12 month.
9Initial confirmatory biopsy undertaken at 6-12 months, then q36-48 until 80 years old.
"Additional biopsy can be triggered by increase in PSA of 0.75ng/dl or based on DRE findings.

In an additional analysis, we included a fourth
AS protocol, which was a modified version of the low-
intensity protocol. Unlike the low-intensity protocol
modeled on PRIAS, which used a confirmatory biopsy
at 12 months after diagnosis, the modified low-inten-
sity protocol did not require its first (postdiagnosis)
biopsy until the third year of monitoring. It also speci-
fied semiannual (rather than quarterly) DRE and PSA
for the first 2 years as specified in the low-intensity AS
protocol. This protocol is not commonly practiced but
may be of interest to physicians seeking a low-intensity
monitoring regimen.

Any man under AS who no longer satisfied the
eligibility criteria for any AS protocol was treated with
a brachytherapy (BT) regimen that was identical to that
used in the immediate treatment strategy. We used mod-
ified probabilities for these men due to the fact that men
who no longer were eligible for AS had a greater chance
of having progressed to an intermediate disease classifica-
tion. For the purposes of the current analysis, we did not
consider the use of endorectal coil magnetic resonance
imaging because it is not part of the standard of care of
published AS protocols.

Immediate Treatment

Our immediate treatment strategy applied the age-specific,
nationally representative distribution of radical prostatec-
tomy, external-beam radiotherapy, and BT.2® We excluded
strategies for primary androgen deprivation therapy and
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cryotherapy due to their infrequent use as first-line treat-
ment options in patients considered to be at low risk.

Men undergoing treatment may incur morbidities
related to bowel, urinary, or sexual function. After treat-
ment, patients continued until death from other causes
or until biochemical disease recurrence. After treatment,
men were monitored via PSA testing and DRE annually. If
biochemical disease recurrence occurred, men were pre-
sumed to have hormone-responsive disease and were
treated with hormone therapy until such time as their
disease became refractory and they developed metastases.
Men with refractory metastases were treated palliatively
until death.

Model Inputs
Probabilities

All probabilities were estimated from secondary sources
(Table 3). When possible, multiple values for the same pa-
rameter were aggregated via meta-analysis (see Supporting
Figs. 5 and 6). In cases in which data were insufficient for
this, we modeled the data using a beta distribution.

For probabilities regarding frequency of metastases,
we performed survival analysis. Using data from several
studies, we generated multiple beta distributions thar fit
the data. We then used these parameter sets to generate
a beta distribution that would identify the probability at
any given time point for this parameter.

We included a parameter in the model to repre-
sent the probability that patients drop out from an AS

Cancer  Month 0, 2018
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TABLE 3. Model Parameters

Probabilities Value Distribution (SD) Source
BCR: intermediate risk 0.0453 81-34
BCR: low-risk brachytherapy 0.0159 32,35
BCR: low-risk prostatectomy 0.0230 31,3536
BCR: low-risk radiotherapy 0.0230 35
Metastases during BCR 0.050 (0.01) Beta 23,3187
Metastases while under AS 0.00138 (0.000037) Beta 7.9.22,23,37-40
Death due to prostatectomy 0.00383 (0.000018) Beta 41-43
Refractory metastases 0.28 44
Complications due to biopsy (major) 0.009 19.21,28
Complications due to biopsy (minor) Varies Table 28
Long-term Gl AEs: brachytherapy 0.04 s
Long-term sexual AEs: brachytherapy 0.323 sr.a4
Long-term urinary AEs: brachytherapy 0.167 37:40,44
Long-term Gl AEs: prostatectomy 0.00 5
Long-term sexual AEs: prostatectomy 0.453 37
Long-term urinary AEs: prostatectomy 0.127 3743
Long-term Gl AEs: radiotherapy 0.066 37
Long-term sexual AEs: radiotherapy 0.48 7
Long-term urinary AEs: radiotherapy 0.134 s
Exit protocol due to anxiety or psychological reasons 0®
Utilities
Age-specific baseline utility Varies Table 45
Utility for active surveillance 0.817 (0.0484) Beta 25-27
Utility while in BCR 0.731 (0.030) Beta 25,32.87
One-time disutility from prostate biopsy —-0.00274 46
One-time disutility from biopsy complications -0.003 1046
One-time disutility from prostatectomy —0.0959 46
Metastatic prostate cancer 0.364 (0.067) Beta 8,25,26.40
Gl complications 0.74 (0.1982) Beta 25
Sexual complications 0.831 (0.0614) Beta 8.25.21.37
Sexual and Gl complications 0.706 (0.0888) Beta 3,25,27,40
Urinary complications 0.860 (0.286) Beta 8,25,87
Urinary and Gl complications 0.743 (0.059) Beta 3,25,37
Urinary and sexual complications 0.825 (0.032) Beta 8,25,87
Urinary, sexual, and Gl complications 0.516 (0.081) Beta 3,25,37
Costs
Treatment of BCR $2565 2
Prostate biopsy $2557 4
Complications of biopsy (major) $13,479 ($11,800) LogNormal 48
Complications of biopsy (minor) $122 4749
Brachytherapy $12,600 ($7,360) LogNormal 48
Prostatectomy $12,141 ($5,391) LogNormal 48,50,51
Radiotherapy $20,607 ($4,544) LogNormal 24,82,33,40,51,52
Follow-up office visit $122 4
Long-term bowel complications (initial costs) $810.61 40
Long-term urinary complications (initial Costs) $741.45 40
Long-term sexual complications (initial Costs) $831.49 87
Treatment of metastatic hormone-refractory PC $2212 32
Treatment of metastatic hormone-responsive PC $3172 32

Abbreviations: AE, adverse event; AS, active surveillance; BCR, biochemical disease recurrence; Gl, gastrointestinal; SD, standard deviation.
2Zero was used for this parameter in the base case to model a situation in which patients remain on the AS protocol as long as they are eligible. The robustness
of the results was tested by undertaking sensitivity analysis on this parameter over a range of plausible values.

protocol due to anxiety or other reasons. The base case
model used a value of zero, but literature regarding the
appropriate value for this parameter is to our knowl-
edge inconclusive. Given this uncertainty, we conducted
deterministic sensitivity analysis on the parameter.

Utilities

Utilities are numeric values ranging from 0 for death
to 1 for perfect health and are used to indicate prefer-
ences for a given health state; the summation of each year
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multiplied by its utility weight is used to determine total
QALYs. Utilities were estimated for all complications
and all health states. For those patients on any of the AS
protocols, a value of 0.817 was used (based on a pooled
estimate of several studies).””>! We modeled health state
utilities as beta distributions to allow for patient-level
variability of preferences in the population. For transient
procedure-related disutilities, we applied a fixed utility
decrement to each patient’s current utility in each model
cycle for the duration of the procedure.
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TABLE 4. Base Case Analysis: Selected Key Results Generated by the Model for Men Aged 65 Years With

Low-Risk Disease

Low-Intensity AS

Medium-Intensity AS High-Intensity AS

Outcome Immediate Treatment
Lifetime metastases 10.94%
Prostate cancer death 7.56%

ATFS 0 mo

Life expectancy (SD), y 81.87 (0.08)

7.98% 6.30% 6.64%
6.97% 5.48% 5.70%
52.73 mo 56.16 mo 54.91 mo
81.97 (0.15) 82.08 (0.15) 82.07 (0.15)

Abbreviations: AS, active surveillance; ATFS, active treatment-free survival, a measure of how long patients remain free of any active treatment for prostate

cancer; SD, standard deviation.

Costs

Costs were determined from the published literature,
the Centers for Medicare & Medicaid Services fee
schedule, the fee schedule at a major academic hospital,
and the Agency for Healthcare Research and Quality’s
Healthcare Cost and Utilization Project (HCUP)
database. We used cost analyses by prior authors for
selected costs, such as the cost of complications due to
treatment. For costs associated with BT, radical pros-
tatectomy, and radiotherapy, we modeled a log-normal
distribution to represent the possibility of a small group
of high-cost patients. We fit distributions based on
cither the median and mean hospital costs as reported
in the HCUD or, in the case of radiotherapy, fit a
log-normal distribution.

Complications
We used recent literature regarding the rates of compli-
cations due to repeat prostate biopsies to create a tabu-
lar distribution concerning this parameter as a function
of the number of biopsies performed (see Supporting
Table 1).** Major complications of biopsy can lead to
hospitalization. We modeled costs to account for this
based on our own analysis of the Agency for Healthcare
Research and Quality’s HCUPNet data set (hteps://
hcupnet.ahrq.gov/#setup) for hospitalizations associ-
ated with International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) procedure
code 60.11.163

We modeled the frequency of complications due to
each of the treatments as both short-term and long-term
adverse effects. We presumed that short-term adverse
effects persist for 3 months and long-term adverse effects
persist for the patient’s lifetime.

RESULTS

Base Case

In the cohort of men diagnosed at age 65 years, medium-
intensity AS was found to be the most effective strategy,
yielding 10.169 QALYs. This was followed by high-
intensity AS (10.137 QALYs) and then low-intensity AS

6

TABLE 5. Base Case Analysis: Results for Men
Aged 65 Years With Low-Risk Disease

ICER
Protocol Cost QALY ($/QALY) Dominance
Immediate treatment 22,988 9.574 - -
Low-intensity AS 24,890 16653 - Extended
Medium-intensity AS 25,065 10.169 3490 None
High-intensity AS 36,638 16137 - Absolute

Abbreviations: AS, active surveillance; ICER, incremental cost-effective-
ness ratio; QALY, quality-adjusted life-year.
Costs and QALYs were discounted at 3% per year.

(10.053 QALYs). Immediate curative treatment offered
the fewest QALYs (9.574 QALYs), but at a lower cost
($22,988) compared with any of the AS strategies. Among
AS strategies, medium-intensity AS had the lowest cost
($25,065) and also yielded the most QALYs. The lifetime
risk of developing metastatic cancer was 6.64%, 6.30%,
7.98%, and 10.94%, respectively, for high-intensity AS,
medium-intensity AS, low-intensity AS, and immedi-
ate treatment (Table 4). The lifetime risk of death from
prostate cancer was 5.70%, 5.48%, 6.97%, and 7.56%,
respectively, for high-intensity AS, medium-intensity AS,
low-intensity AS, and immediate treatment. We found
medium-intensity AS to be a highly cost-effective strat-
egy, with an incremental cost-effectiveness ratio of $3490

per QALY (Table 5).

Sensitivity Analysis

In probabilistic sensitivity analysis, medium-intensity AS
was found to have an 86.9% probability of being the most
cost-effective strategy at a willingness-to-pay (WTP) cri-
terion of $50,000 per QALY. Considering cost minimi-
zation only (WTP of $0/QALY), immediate treatment
was preferred with near certainty.

For the parameters of “frequency of metastases,”
“utility for being in an AS protocol,” or “departure from
protocol due to anxiety,” we undertook 1-way sensitivity
analyses to determine threshold values. We found the model
results were insensitive to changes in anxiety dropout rates
for all possible values. Medium-intensity AS was found to
be the most cost-effective option for values of the utility
for AS >0.75 (Fig. 2 Top). For any values of metastases
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TABLE 6. Analysis With the Modified Low-Intensity Protocol Included: Results for Men Aged 65 Years With

Low-Risk Disease

Protocol Cost QALY ICER ($/QALY) Dominance
Immediate treatment 22,988 9.574 - Dominated
Low-intensity AS 24,890 10.053 - Dominated
Modified low-intensity AS 21,399 10.194 - Dominant
Medium-intensity AS 25,065 10169 - Dominated
High-intensity AS 36,638 10137 - Dominated

Abbreviations: AS, active surveillance; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Costs and QALYs were discounted at 3% per year.

within 99.97% of the modeled distribution of expected
probabilities of metastases while under AS (ie, <1.241% per
year, a value that was >7-fold higher than best existing esti-
mates for the rate of metastases while under AS), medium-
intensity AS still was found to be a cost-effective strategy at
a WTP of $150,000 per QALY (Fig. 2 Bottom).

The results noted when the fourth AS protocol
(modified low-intensity) was included in the comparison
were quite different from those of the base case. It is in-
teresting to note that the removal of the confirmatory
biopsy at 12 months after the initiation of the protocol
and a change to a consistent semiannual (rather than
quarterly) DRE and PSA test specified in the modified
low-intensity protocol increased efficiency. With these
changes, the modified low-intensity protocol appears to
be the dominant strategy, offering greater QALY (10.194
QALYs) at a lower cost ($21,399) compared with any
other protocol (Table 6).

DISCUSSION
Approximately one-half of patients newly diagnosed
with prostate cancer have low-volume tumors of
Gleason score 6, or so-called “low-risk” disease, which
often can be managed effectively with AS. Although
there is evidence to suggest that these cancers present
very little risk of metastasis and that delaying treatment
does not increase this risk appreciably, to our knowledge
fewer than 20% of men are treated with AS. Studies of
men with Gleason score <6 disease identified only 22
individuals with lymph node metastases from 14,123
men, and a prostate cancer mortality rate of only 0.2%
to 1.2% at 15 years in a population of 11,521 men.***
The recent results for the ProtecT study indicate
that treatment appears to have little impact on over-
all survival over a median follow-up of 10 years, even
when biopsy is excluded from the AS protocol, as it was
in the ProtecT study. The model in the current study,
when run over 10 years, was found to generate rates
of metastases (approximately 2%) and death due to
cancer (approximatelyl%) for patients treated with AS

8

that were similar to those found in the ProtecT trial.
This suggests that AS is effective at identifying patients
with progressive disease while it still is early enough to
intervene.

To the best of our knowledge, there is no consen-
sus to date regarding the appropriate intensity of AS.
Both American Urological Association and European
Association of Urology guidelines recommend AS in pa-
tients with low-risk disease, but to our knowledge neither
specifies a protocol. The potential health benefits that
would accrue from identifying the most appropriate sur-
veillance protocol are considerable. The challenge is to
select the least intense and costly AS protocol without
compromising potential curability.

The analysis in the current study illustrated that
all 3 commonly reported AS protocols offer superior
quality-adjusted outcomes and expected survival out-
comes compared with immediate treatment.

The model in the current study demonstrated that
medium-intensity AS offers an improvement in quali-
ty-adjusted life-days of 217 days over current practice at
an incremental cost of $2077. The majority of this gain
in quality-adjusted survival arises because the average pa-
tient initiating medium-intensity AS will delay treatment
for 56 months, thereby deferring any adverse effects of
treatment. If individual preferences are such that utility
while under AS is <0.75, immediate treatment becomes
the preferred strategy. We believe that the slightly higher
lifetime rates of metastases and cancer death shown in
the current model for patients undergoing immediate
treatment are a facet of both a misalignment of treat-
ments and the lower intensity and annual PSA and DRE
monitoring that occur after treatment. This finding may
suggest that more frequent follow-up is warranted for
these patients.

The results of the model in the current study sug-
gested that improvements to the low-intensity AS proto-
col may be achieved by decreasing its intensity further,
in turn making it the optimal strategy in terms of qual-
ity-adjusted survival and cost. This arises because the
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disutility from an increased rate of complications from
more frequent biopsies outweighs the gains achieved
through the small number of cancers that are prevented
from metastasizing in the interval between biopsies. The
inefficiency of the low-intensity AS protocol noted in
the current study is eliminated and reversed when the
frequent monitoring in the first 2 years after diagnosis
is eliminated. These protocol modifications may need
to be applied on a patient-specific basis because not all
clinicians or their patients may be comfortable with
extended waiting until the first surveillance biopsy. The
results of the model in the current study suggested that
this uncommon protocol deserves further consideration
by clinicians who favor a low-intensity approach.

To the best of our knowledge, currently available
studies for the most part report on watchful waiting to
identify probabilities for metastases, which we believe
can be misleading. The goal of watchful waiting is the
palliation of symptomatic disease, and therefore it is
very likely that should a man live long enough, disease
progression and metastases will occur.

Due to uncertainty regarding the rates of metas-
tases in men under AS, we modeled the probability of
metastatic disease using a time-varying, nonlinear risk
distribution derived from a meta-analysis of studies
(in the case of the probability of metastases while in
an AS protocol, we used several studies reporting the
frequency of metastases at different time points [in dif-
ferent untreated populations] to fit a beta distribution
for survival free from metastases; we then used this
survival curve to draw metastasis-free probability values
from at time [t=x] for time-dependent parameters for
a beta distribution, similar to time-dependent hazard
ratios used by other authors). The results of the current
analysis were consistent with the published literature
in their finding that metastatic disease is infrequent
among patients with low-risk disease. Furthermore,
our deterministic sensitivity analysis found that the
actual probability of metastases would have to be 7-fold
higher than the expected value of our meta-analysis
regarding the parameter for medium-intensity AS to
no longer be cost-effective. We are confident that the
results of the current study are robust to changes in
the frequency of metastases while patients are under
AS (Fig. 2 Bottom).

CONCLUSIONS
The substantial gains in QALYs identified in the
model in the current study lend support to the case for

Cancer  Month 0, 2018

medium-intensity AS with biennial biopsy as the pre-
ferred treatment in this population given average prefer-
ences, or for a modified low-intensity protocol for those
patients who are comfortable waiting a longer period
between biopsies. This offers guidance to clinicians in
the selection of appropriate monitoring strategies.

Future analyses should focus on further elucidating
the advantages and disadvantages of extended intervals
between surveillance biopsies, and to understanding
patient preferences at the time a treatment choice is being
made. Such preferences should be elicited on an ongoing
basis in the case of AS.
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