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INTRODUCTION 

 

This final report details the achievements made as a result of the Physician Research Training 
Award entitled “Decision analysis of the benefits and costs of screening for prostate cancer”.  The 
goal of the proposed research was to develop a decision analytic model of PSA screening for 
prostate cancer in order to permit the analysis of the effect of various PSA screening strategies on 
life expectancy (LE), quality-adjusted LE (QALE), and the cost-effectiveness of screening. The 
comparator was to be a natural history model of unscreened, conservatively-treated prostate cancer 
based on primary data. It was hypothesized that the optimal screening strateg(ies) for prostate 
cancer would be dependent not only upon mortality benefit, but also upon the value patients place 
on health states and costs.  
 
This report will summarize the progress made on the tasks outlined in the Statement of Work.  Due 
to difficulties that arose in conducting Task 1, the majority of the work conducted was on Task 3.  
The model developed to accomplish the goals described in Task 3 compared first the effectiveness, 
then the cost-effectiveness of treatment strategies for low-risk, clinically localized prostate cancer.  
In the initial iteration of this model, the strategies studied included active surveillance, radical 
prostatectomy, brachytherapy, intensity-modulated radiation therapy, and proton beam therapy.  It 
was found that active surveillance is the most effective strategy of these, or associated with the 
greatest quality-adjusted life expectancy, but brachytherapy is the least expensive treatment.  
Active surveillance remained cost-effective under all scenarios constructed in men 65 years of age.  
Results of this model were published in the Journal of the American Medical Association

2
, 

presented at annual meetings of professional societies, discussed in a teleconference sponsored by 
the Institute for Healthcare Improvement and JAMA, and discussed at the Cancer Intervention and 
Surveillance Modeling Network’s (CISNET) Annual Conference at the National Institutes of 
Health.  A second manuscript, incorporating data published in 2012 from the PIVOT trial3, 
compares the cost-effectiveness of watchful waiting to active surveillance, brachytherapy, IMRT, 
and radical prostatectomy was published in Annals of Internal Medicine

1. 

I am very grateful to the Department of Defense for providing the funding to make this work possible.   

 

KEYWORDS 

 

Prostate cancer, screening, PSA, cost-effectiveness analysis, active surveillance, watchful waiting, quality of 
life, decision analysis 
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OVERALL PROJECT SUMMARY 
 
TASK 1: Develop a Markov Monte Carlo disease model of the natural history of prostate cancer.  
Methods. We will create a Markov Monte Carlo disease model of the natural history of prostate cancer. 
Individuals will progress from a disease-free state to preclinical disease to clinically-detectable prostate 
cancer; each individual will have a PSA value and, in those with prostate cancer, a Gleason score. Men with 
disease will progress from clinically localized to regional to metastatic disease and death of prostate cancer; 
they may also progress between Gleason scores. Death of other causes can occur from any health state.  
Task 1.1 Utilizing data from the published literature, create a model of the preclinical development of 

prostate cancer. Estimates of age-specific prevalence of preclinical prostate cancer, correlation of the 
presence of preclinical disease with serum PSA, and evaluation of PSA rise in the serum of patients 
subsequently diagnosed with prostate cancer will be obtained from the published literature. This data will be 
combined using regression analysis to estimate the preclinical incidence and progression of disease based on 
Gleason score and PSA.  
Task 1.2 Utilizing data from the control arm of the ERSPC, create a model of the characteristics of 

prostate cancer at diagnosis in a contemporary, unscreened population. We will utilize data provided by 
investigators from the ERSPC to model tumor and patient characteristics of clinically-diagnosed prostate 
cancer in the modern era, including age, stage at diagnosis, and Gleason score,  
Task 1.3 Utilizing data from a database of men diagnosed in the pre-PSA era, create a model of the 

progression of clinically localized, conservatively-treated prostate cancer. We have created a database of 
such men in collaboration with investigators from Örebro, Sweden, that will be used to develop transition 
probabilities between model health states described in Task 1.1. We will collaborate with Dr. D’Amico in 
interpretation and analysis of the data, particularly with regard to modeling PSA kinetics.  
Task 1.4 Calibrate the model using data from published studies of the natural history of conservatively-

treated prostate cancer and recent clinical trials. We will calibrate the model to reproduce target outputs 
within 5% of pre-selected values. Sources of calibration data for our model will include incidence data from 
the control arm of the ERSPC and the published literature.  
Timeline: The collection and analysis of data from the ERSPC and the Örebro cohort and from the 
published literature will take 9 months. Construction and calibration of the natural history model will take 
15 months. Two manuscripts will be generated: the first will reflect findings from the primary data, and the 
second will describe the natural history model. I will also take a course during the fall of the first year in 
order to acquire skills necessary to develop transition probabilities from the published literature.  
Outcomes: This task will result in the creation of a natural history model of unscreened, conservatively-
treated prostate cancer that will provide data on characteristics of patients at clinical diagnosis and at 
progression, rates of progression, and prostate cancer specific- and all-cause mortality.  
 

Final report: 

An important feature of this model as originally designed was that it was to have been able to trace the 
natural history of prostate cancer in men diagnosed in the pre-PSA era whose prostate cancer had been 
regraded in the modern era, hence avoiding the concern raised by the fact that Gleason scores have shifted 
higher over the past 20 years.  The construction of this portion of the model was therefore crucially 
dependent upon data obtained from the Örebro cohort, as outlined in Task 1.3.  However, as described in 
previous progress reports, during analysis of the data from Örebro, I realized that in our cohort, Gleason 
score did not correlate with prostate cancer-specific survival.  This finding is at odds with the published 
literature and prompted me to question the accuracy of the Gleason grading performed.  A representative 
selection of pathologic samples was obtained from Örebro and regraded by a pathologist at Massachusetts 
General Hospital.  It was realized that serious errors in Gleason scoring had been made and that as a result, 
this data was unusable.   
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Unfortunately, despite considerable effort extending through the third year of this grant, it was impossible to 
obtain the original pathology samples from the Örebro cohort for regarding in a timely manner, as the 
samples had been dispersed to several countries for other research endeavors.  I therefore turned to other 
possible sources of long term outcomes data on men who were diagnosed with prostate cancer in the pre-
PSA era.  The most promising source of data was the SPCG-4 trial, a randomized controlled trial initiated in 
1989 that compared watchful waiting to radical prostatectomy in men diagnosed in Sweden in the pre-PSA 
era4.  However, after a delay in response of almost a year, my request for this data was denied.  As funding 
for this project was coming to an end, I elected to continue to concentrate on constructing the model 
described in Task 3.   
 

TASK 2: Compare the clinical effectiveness, cost and cost-effectiveness of PSA screening strategies.  
Methods. Task 2.1 Vary the biopsy threshold for screening PSA, the interval between screening events, 

and establish the effect of PSA kinetics prior to diagnosis on screening strategies. We will first assess the 
effect of annual screening varying PSA biopsy thresholds. We will then vary the interval between PSA 
screening events using these thresholds. These two variables will then be modified simultaneously to 
identify the screening strategy that maximizes LE. Subsequent analyses will focus on identifying the 
optimal screening strategy once a PSA velocity has been established. The model will vary PSA velocity, 
biopsy threshold, and subsequent screening interval simultaneously. Similar analyses will be performed 
using PSA doubling time.  
Task 2.2 For each strategy, establish the lead time and effect on prostate cancer incidence. To quantitate 
lead time, the difference in time between screen diagnosis and clinical diagnosis of prostate cancer will be 
calculated. To estimate incidence and overdiagnosis rates, incidence in the presence and absence of 
screening will be compared.  
Task 2.3 Extend the model to include quality of life adjustments (utilities) and costs and use the model to 

estimate the clinical effectiveness, cost, and cost-effectiveness of each screening strategy.  
We will run the model using both community and patient-elicited utilities from the published literature and 
unpublished results provided by Dr. Susan Stewart. Dr. Swan will assist in analysis of these utilities and 
their incorporation into the model. Costs will be estimated from a societal perspective. Costs and QALYs 
will be discounted. Total cost will be the sum of direct medical costs. Costs will be calculated using data 
from the medical literature or local institutional cost data and will be expressed in 2012 dollars.  
The model will estimate the QALE and costs associated with each screening strategy. The model results will 
estimate the magnitude of benefit for intermediate and long-term outcomes, costs of care, and incremental 
cost-effectiveness.  
Task 2.4 Identify model parameters likely to cause a shift in model results using sensitivity analysis. We 
will perform sensitivity analysis on parameters likely to have a significant effect on LE in our model. The 
model will be run across a literature-derived plausible range of probabilities for selected variables.  
Timeline: Modification of the model to assess screening strategies, model calibration, and the calculation of 
lead time, incidence, and overdiagnosis rates will take approximately one year. Identification of costs, 
analysis and incorporation of utilities, cost-utility analysis and sensitivity analysis are projected to take nine 
months. I will take several courses at HSPH during the first two years to acquire the skills necessary for this 
task. One manuscript will be generated after completion of the screening model to describe the effect of 
screening on LE in conservatively-treated patients and the lead time and overdiagnosis associated with 
screening; the second at the completion of the CEA.  
Outcomes: This task entails the creation of a PSA screening model that will compare outcomes in screened 
versus unscreened conservatively-treated men. Outcomes will include LE, QALE, and cost-effectiveness for 
each strategy and identification of the strategy that maximizes each of these outcomes; secondary outcomes 
will include lead time, incidence, and overdiagnosis rates for each strategy.  
 
Final report: 
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It was not possible to complete Task 2 given its dependence on Task 1.  However, a model incorporating 
prostate cancer treatment practices was constructed and is described as part of Task 3 below.   

 
TASK 3: Modify the model created in Task 2 to include modern treatment practices to evaluate the 

clinical effectiveness, cost, and cost-effectiveness of the PSA screening strategies described above.  
Methods. Task 3.1 Extend the model created in Task 2 to include modern treatment practices. We will 
incorporate modern treatment practices into the model to determine the effect of screening and treatment of 
screen-diagnosed disease on LE, QALE, and its cost-effectiveness. Treatments and outcomes will be 
obtained from the published literature and expert opinion, and sensitivity analysis will be performed.  
Task 3.2 Extend the model to include quality of life adjustments (utilities) and costs and use the model to 

estimate the effectiveness, cost, and cost-effectiveness of each screening strategy. In treated men, utilities 
and costs will be calculated, and effectiveness and cost-effectiveness of each screening strategy will be 
estimated, as described in Task 2.3.  
Task 3.3 Explore the role of future, as-yet-undeveloped diagnostic tests in screening for prostate cancer 

to establish the test characteristics required in order to identify men with clinically significant disease. 

The creation of a natural history model will enable us to identify the characteristics of prostate cancer most 
predictive of outcomes. Decision analytic modeling will highlight predictors of adverse outcomes in our 
model and will enable us to use them to characterize an “ideal” screening test.  
Timeline: Modification of the model to include modern treatment practices and its calibration will take one 
year. Identification of costs, analysis and incorporation of utilities, cost-utility analysis and sensitivity 
analysis are projected to take nine months; analysis and comparison of these results with those obtained in 
Task 2 will take 3 months. Two manuscripts will be produced: the first describing the effect of screening on 
LE in treated vs. untreated men, the second at the completion of the CEA. Courses I will take to acquire 
skills necessary for this task will be taken during the second and third years. I will attend seminars and 
national meetings and continue clinical work with prostate cancer patients throughout the award period.  
Outcomes: Outcomes for this task will include LE, QALE, and cost-effectiveness for each screening 
strategy in men treated for prostate cancer and identification of the screening strategy that maximizes each 
of these outcomes.  

 
Final report: 

A Markov Monte Carlo model was created comparing a strategy of active surveillance to treatment 
at diagnosis with radical prostatectomy or radiation therapy using brachytherapy, intensity-
modulated radiation therapy, or proton beam therapy.  A societal perspective was taken with a 
lifetime horizon.  A systematic review of the literature was performed to establish transition 
probabilities for disease outcomes and for the probabilities of incurring complications of surgery 
and side effects (erectile dysfunction, urinary incontinence, gastrointestinal dysfunction)5-7.  
Utilities, or patient preferences, were obtained from literature review and from personal 
communication8-10, (personal communication, Stewart).  Costs were obtained from Medicare 
reimbursement schedules and included costs of initial treatment, treatment of side effects, and 
patient time costs.  Sensitivity analyses were performed on key parameters.  Outcomes included 
QALE, costs, and cost-effectiveness.  Life expectancy was assumed to be equal for all approaches 
in these men with low-risk disease in the base case, and this assumption was varied in sensitivity 
analysis.                  
 
The results of this model were presented at ASCO’s Genitourinary Cancers Symposium in March 
2010 and at a moderated poster session at the ASCO Annual Meeting in June 2010. 
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The manuscript of the comparative effectiveness of active surveillance as compared to initial 
treatment without costs in 65 year old men was published in JAMA in December 2010 (please see 
Appendix)2.  In this study, the QALE benefit of AS was examined in detail.  On multiple 
sensitivity analyses, it was found that the QALE advantage of AS is quite robust:  it remained the 
preferred strategy over initial treatment even if the risk of progressive disease or prostate cancer-
specific death on AS was almost doubled, or the risk of side effects of treatment was halved.  
However, utilities played a key role in establishing the QALE advantage of AS.  In particular, the 
value placed by individuals on being on AS and on having been treated was a major determinant of 
whether AS was favored.  This analysis determined the utility thresholds at which initial treatment 
would be favored over AS.   
 
Subsequently, the cost-effectiveness model was extensively revised and expanded, in particular the 
cost structure, modifying it to include more detail regarding costs incurred on active surveillance 
and to reflect one-time vs. recurrent costs, among other alterations.  We also expanded the model 
to include men ages from 55-75.  A portion of these results were presented in an oral presentation 
session at the Society for Medical Decision Making’s annual conference in Toronto in October 
2010.   
 
We submitted a manuscript of our cost-effectiveness analysis to Annals of Internal Medicine and 
after extensive revision and expanding the manuscript to incorporate a watchful waiting strategy 
based on the results of the PIVOT study comparing watchful waiting to radical prostatectomy in a 
screened population3, this manuscript was published in June 20131 (please see Appendix).  This 
analysis compares the cost-effectiveness of watchful waiting, active surveillance, brachytherapy, 
intensity-modulated radiation therapy, and radical prostatectomy.  
 
In this study1, we found that watchful waiting is both more effective and less expensive than either 
active surveillance or initial treatment.  Compared with active surveillance, watchful waiting 
provided 2 additional months of QALE (9.02 vs. 8.85 years) at a cost savings of $15 374 ($24 520 
vs. $39 894) in men aged 65 years and 2 additional months (6.14 vs. 5.98 years) at a savings of 
$11 746 ($18 302 vs. $30 048) in men aged 75 years. Brachytherapy was the most effective and 
least expensive initial treatment. Treatment became more effective than observation when it led to 
more dramatic reductions in prostate cancer death (hazard ratio, 0.47 vs. watchful waiting and 0.64 
vs. active surveillance). Active surveillance became as effective as watchful waiting in men aged 
65 years when the probability of progressing to treatment on active surveillance decreased below 
63% or when the quality of life with active surveillance versus watchful waiting was 4% higher in 
men aged 65 years or 1% higher in men aged 75 years. Watchful waiting remained least expensive 
in all analyses. 

 
The model described above is specific to men with low-risk prostate cancer (Gleason < 3+3; 
clinical stage <T2a, PSA <10 ng/mL).  Modifications necessary to generalize this model to all men 
treated after screening include establishing prostate cancer-specific outcomes for men with 
intermediate and high-risk disease, outcomes that are expected to be reflected in shorter life 
expectancies for men with higher-risk disease.  Expanding the model to include men with 
intermediate and high-risk prostate cancer was the primary focus during the final year of this 
award.  
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The source of data for this portion of Task 3 is very exciting.  A project that evolved out of this 
model is a cost-effectiveness analysis that will assess whether intermediate clinical endpoints exist 
that can replace overall survival for the approval of adjuvant therapies for clinically localized 
prostate cancer.  As part of a larger international collaboration, a database is currently being 
assembled at DFCI combining primary data on patients and outcomes for over 45,000 men with 
primarily intermediate- and high-risk, clinically localized prostate cancer who underwent treatment 
for their disease as part of a clinical trial.  Access to this data will enrich the model immeasurably, 
as we will be able to develop probabilities directly from the primary data as opposed to 
extrapolating from published results of multiple different trials with varying endpoints.  The 
structure of the model of intermediate and high-risk prostate cancer has been completed and testing 
is ongoing, but probabilities are not yet available from this database for use in the model to 
generate results as the data continues to be assembled and processed by the statisticians.  It is 
anticipated that probabilities will be available for use in this model later this year.  Funding from 
the Prostate Cancer Foundation was obtained to support the modeling component of this larger 
effort starting July 2014.   
 
Completed abstracts and manuscripts are listed in the Publications section of this report. 
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KEY RESEARCH ACCOMPLISHMENTS 

 
 

In summary, work completed on this grant proposal has demonstrated that  
a)  in screen-detected men with low-risk prostate cancer, active surveillance is a 

cost-effective alternative to initial treatment with radical prostatectomy or 
radiation therapy (with brachytherapy, intensity-modulated radiation 
therapy, or proton beam therapy), for men between 55 and 75 years of age 
at diagnosis.  

 b)  the quality-adjusted life expectancy benefit of active surveillance seen in these 
  men is robust but depends upon the patient preferences, or utilities,  
  associated with being on active surveillance and with having been treated.  

c)  observation with watchful waiting as practiced in the PIVOT study is 
associated with improved QALE and is cost saving compared to either 
active surveillance or initial treatment in men 65 and 75 years of age.  
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CONCLUSIONS 

 

 In screen-detected men with low-risk prostate cancer, observation is a safe and effective 
alternative to initial treatment.  In our model comparing active surveillance (AS) to initial 
treatment, the quality of life advantage associated with AS is robust, reflecting the deferred and 
substantially lower incidence of side effects of treatment experienced by men on AS.  AS is 
associated with significant improvements in QALE even in analyses in which the probability of 
dying of prostate cancer or of developing progressive disease on AS is increased.   However, our 
finding that the optimal strategy is sensitive to utility weights is evidence that the decision 
whether to pursue AS must be individualized.  In future, models incorporating individual patient 
utilities may be available to assist patients and their caregivers to estimate the risks and potential 
benefits of AS prior to making this decision.  
 
In particular after the publication of the PIVOT trial demonstrated no survival benefit to radical 
prostatectomy in men with low-risk prostate cancer, watchful waiting has gained attention as an 
intriguing alternative both to initial treatment and to the more interventionist active surveillance.  
When we modeled the results of the PIVOT study, it was found that watchful waiting was both 
more effective and less expensive than either active surveillance or initial treatment, even if the 
risk of dying of prostate cancer on active surveillance is half that of watchful waiting.  Again, 
however, patient preferences were central to the quality of life advantage seen with observation.   

 
Observation for low-risk prostate cancer is a promising strategy both on an individual and on a 
societal level, and increasingly media and professional attention is making it a more recognized 
alternative to initial treatment.  However, the optimal approach for surveillance is not yet known 
– how little intervention is both safe and acceptable to patients and health care providers has yet 
to be determined.  Our model was the first to quantitate the quality of life advantages of 
observation over initial treatment in men with low-risk prostate cancer in an exhaustive manner.  
Future directions for this model would include creating an individualized version of the model 
that men newly-diagnosed with prostate cancer could use, entering their own preferences to 
determine the best treatment strategy for them.  In addition, the model is part of an effort to 
identify intermediate clinical endpoints that may replace overall survival in order to facilitate 
earlier approval of novel adjuvant therapies for clinically localized disease. 
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PUBLICATIONS, ABSTRACTS, AND PRESENTATIONS 

 
Peer-Reviewed Scientific Journals:  
 

Hayes JH, Ollendorf DA, Pearson SD, Barry MJ, Kantoff PW, Stewart ST, Bhatnagar V, 
Sweeney CJ, Stahl JE, McMahon PM. Active surveillance compared with initial treatment 
for men with low-risk prostate cancer:  a decision analysis. JAMA. 2010;304(21):2373-80.  
(accompanied by an editorial: Thompson IM, Klotz L. Active Surveillance for Prostate 

Cancer. JAMA 2010;304(21):2411-12.) 

Hayes JH, Ollendorf DA, Pearson SD, Barry MJ, Kantoff PW, Lee PA, McMahon PM.  
Observation vs. initial treatment for men with localized low-risk prostate cancer:  A Cost 
Effectiveness Analysis.  Ann Intern Med. 2013;158:853-860 

Hayes JH, Barry MJ, McMahon PM.  Observation versus initial treatment for prostate 
cancer.  Ann Intern Med. 2013; Oct 15;159(8):574 

Invited Articles:  

Hayes JH, Barry MJ.  Commentary on screening for prostate cancer using prostate-specific 
antigen: current status and future directions.  Oncology 2011. May; 25(6): 468-478. 

Hayes JH, Barry MJ.  Screening for Prostate Cancer With the Prostate-Specific Antigen 
Test: A Review of Current Evidence.  JAMA. 2014;311(11):1143-1149.  

 

Abstracts: 
 
Hayes JH, Ollendorf DA, Pearson SD, McMahon PM.  Cost-effectiveness analysis of 
therapeutic options for low-risk prostate cancer.  ASCO Genitourinary Cancers 
Symposium. 2010; abstr 170. 
 
Hayes JH, Ollendorf DA, Barry MJ, Pearson SD, McMahon PM.  Therapeutic options for 
low-risk prostate cancer: A cost-effectiveness analysis. J Clin Oncol 28:7s, 2010 (suppl; 
abstr 6012). 
 
Hayes JH, Ollendorf DA, Barry MJ, Pearson SD, McMahon PM.  A Cost-effectiveness 
analysis of therapeutic options for low-risk prostate cancer.  Med Decis Making, 

January/February 2011; vol. 31, 1: p.E100. 
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INVENTIONS, PATENTS, AND LICENSES 

 

Nothing to report. 
 

 

REPORTABLE OUTCOMES 

 

A Markov Monte Carlo simulation model of low-risk, clinically localized prostate cancer 
analyzing the quality of life and cost of treatment vs. observation has been created.  This 
model is available to the public as a tool for further analysis and modification to address 
questions surrounding the treatment of low-risk disease. 

 

 

OTHER ACHIEVEMENTS 

 

Funding applied for based on work supported by this award 

 

 Prostate Cancer Foundation Young Investigators Award. 
 Applied for and received, grant period July 2010 to July 2013. 

The funds from this award are used to pay the salary of a computer programmer 
who is assisting in the development of the natural history model. 
 
NIH/NCI R01CA183958-01.  “Opening the Black Box of Cancer Policy Models”.  
Co-PI.  Funding requested for 2014-2017.  Applied June 2013; not funded.  
Utilizing existing models of cancer, this project will develop a software platform 
that will address modeling’s black box reputation and allow policymakers to 
interact more fully with the model predictions, capabilities and limitations. 

 
 Prostate Cancer Foundation Award. 

“Implementing an Intermediate Clinical Endpoint for Clinical Trials of Adjuvant 
Therapy for Prostate Cancer:  A Decision Analysis” 

 Applied for and received, grant period July 2014 through December 2015.  
 

Employment or research opportunities applied for and/or received based on 

experience/training supported by this grant 

 

Promotion to Assistant Professor, October 2013. 
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I 
N 2009, 192 000 MEN WERE DIAG· 

nosed as having prostate cancer in 
the United States. Of these men, 
70% will have been classified as 

having low-r~sk, clinically localized 
disease, and more than 90% will have 
undergone initial treatment. 1-i Initial 

treatment choices include surgical re
section or radiation therapy. The ma
jorit)r of men experience at least I ad
verse effect of treaunent. s.r 

In the ern or prostate-specific antigen 
( PSA} screening, up to 60% of men di
agnosed as having prostate mncer may 
not require thernpy.8 Results of the Eu
ropean Randorniscd Study of Screening 
for Prostate Ca:nccr demonstrated a 20% 
mortality reduction altributable to 
screening and t:realment; however, 48 ad
ditional men needed to be treated to pre
vent 1 prostate cancer dcath.2 It is not 
currently possible to distinguish pa
tients who require treallnent to avoid 

For editorial comme nt see p 2411. 

Context In the United States. 192 000 men were diagnosed as having prostate can
cer in 2009, the majority with low-risk. clinically localized disease. Treatment of these 
cancers is associated with substantial morbidity. Active surveillance is an alternative to 
initial treatment, but long-term outcomes and effect on quality of life have not been 
well characterized. 

Objective To examine the quality-of-life benefits and risks of active suNeillance com· 
pared with initial treatment for men with low-risk, clinically localized prCMtate cancer. 

Design and Setting Oedsion analysis using a simulation model was performed: men 
were treated at diagnosis with brachytherapy, intensity-modulated radiation therapy 
(IMRn. or radical prostatectomy or followed up by active surveillance (a strategy of 
dose monitoring of newly diagnosed patients with serial prostate-spedfic antigen mea· 
surements. digital rectal examinations, and biopsies, with treatment at disease pro· 
gression or patient choice). Probabilities and utilities were derived from previous stud· 
ies and literature review. In the base case, the relative risk of prostate cancer-specrfic 
death for initial treatment vs active surveillance was assumed to be 0.83. Men in· 
curred short- and long· term adverse effects of treatment. 

Patients Hypothetical cohorts of 65-year·old men newly diagnosed as having clini· 
cally localized, low-risk prostate cancer (prostate-specific antigen level < 10 ng/mL, 
stage s:T2a disease, and Gleason score :=6). 

Main Outcome Measure Quality-adjusted life expectancy (QALE). 

Result:s Active surveillance was associated with the greatest QALE {11.02 quality· 
adjusted life-years (QAlYs]), followed by brachytherapy (10.5 QAlYs), IMRT (10.43 
QAL Ys), and radical prostatectomy (10.23 QAL Ys). Active surveillance remained as
sociated with the highest QALE even if the relative risk of prostate cancer-specific death 
for initial treatmentvs active surveillance was as low as 0.6. However, the QALE gains 
and the optimal strategy were highly dependent on individual preferen.ces for living 
under active surveillance and for having been treated. 

c.onclusions Under a wide range of assumptions. for a 65-year-old man, active sur· 
veillance is a reasonable approach to low-risk prostate cancer based on QALE com· 
pared with initial treatment. However, individual preferences play a central role in the 
decision whether to treat or to pursue active surveillance. 
lAMA 2010;304(21):1373-2380 www.jama.com 
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Table 1, Model Inputs !OJ Disease-Related and Treatment-Related Probabilities 

Annual Probabilities 

Oisease·refated p-obabili:ies 
low-risk p-ostate can:ef 

Biochemicaf recll'fl!I"'Ie after 
ln>alment'' 

Progression lrom biochemical 
recurrence to metastatic 
ciseese" 

Death due to ~te ca"IOef after 
deYelop-nent of mecastatic -·· 

Qcher progessioo teg. PSA. OFE)IO I I . 

8ecting treatmenl 

Intermediate--risk ~ate cancer 
(Gleeson 9COf'9 ~ 7) 

Biochemical recurreooe after 
ln>alment"' 

Progression lrom biochemical 
recurrence to metasta1ic 
ciseese" 

Adverse effects of treatrnem 
Short oerm 

Racical j>'OSiatectomy> 
PorioperaWedeeth 

IMRr"' 
Lmay toJOcily" 
Gastroi'ltescinal toxicity 

Acute urilary retention 

Gastroi'ltescinal toxicity 

Acute urilary retention 

IMRT"' 
Lmay tolOcily" 
Gastroi'ltescinal toxicity 

Gastroi'ltescinal toxicity 

Base-Case Estimate 
(SO)' 

Year 1. 0.01: 
lifecine risk. 0.45 

0.05 

0.22 

0.0263 (0.007) 

0.0268 (0.007) 

0.018 (0.005) 

0.008 

Year 1. 0.01: 
lifecine risk. 0.60 

0.05 

0.0044 (0.00001) 

0.0472 (0.0168l 

0.0948 (0.00191 

0.47 (0.0578! 
o.n (0.0084) 

0.034.4 (0.002) 

0.3 (0.0835j 

0.18 (0.05061 

0.29 (0.058l 
0.1 (0.021) 

0.02 (0.001) 

0.001 (0.0001) 

0.026 (0.00491 

0.127 (0.011) 

0.453 (0.021) 

0.04 (0.02) 

0.03(0.01) 

0.124 (0.02S) 

0.0003 (0.00008): 1% 
ikMime risk begirring 10 y 

after trootnart 

0.08 (0.039) 

0.01 (0.008) 

0.124 (0.02S) 

0.00015 (O.OOOQ38l: 0.5% 
ikMime risk begirring 10 y 

after trootnart 

Range Used in 
Sensitivity Analysis 

Not varied 

Not varied 

Not varied 

0.0132.0.526 

0.0134.0.536 

0.0CJ9.0.006 

0.004.0.016 

Not varied 

Not varied 

0.0022.0.0088 
0.0236-0.0044 

0.0474.0.1896 

0.235-0.94 

0.385-1 

0.0172.0.0688 

0.15-0.6 
O.Q9.0.36 

0. 145-0.58 
0.05.Q.2 

0.01-0.04 

0.0005.Q.002 

0.013-0.062 

0.0535.Q.254 

0.2265-0.906 

0.02.0.08 

0.01-0.04 

0.032.0.128 

0.00015-0.0006 

0.025-0.10 
0.005.Q.02 

0.032.0.128 

0.000075-0.0003 

I~ 

prostate cancer morbidity and mortal
ity [rom those who will die with but not 
because of their cancer. Active sunreii
Jance is an alternative to initial treat
ment for men with ]ow-risk, clinically lo-
calized disease that has the potential to 
mitigate overtreatment. 

Active survei1lance is a strategy of 
close monitoring for carefu1ly se
lected patients with low-risk prostate 
cancer. The intent o f active surveil
lance is to avert treatment unless d is
ease progression occurs o r a patient 
chooses treatment, in which case treat
men t with curative intent is under
taken. The results o f several observa
tional cohorts o f active survei11ance 
have been promising, but [ollow-up has 
been relatively short.9.U 

VIe perfonned a decision analysis to 
assess the quality-adjusted li[e expec
tancy (QA LE) o[ active surveillance 
compared with initial definitive treat
ment with radical prostatectomy, in
tensity-modulated radiatio n therapy 
(IM RT), or brachytherapy. 

METHODS 
\Ve constructed a state transition mode] 
analyzed using Monte Carlo simula
tion wi th TreeAge Pro Suite 2009, 
version 1.0.2,14 to estimate health 
benefits (QALE) accruing to men with 
low-risk, clinically localized p rosta te 
cancer ( PSA < 10 nglml, stage ST2a 
disease, and Gleason score S 6)H In the 
mode], men are treated at diagnosis or 
undergo active sunreillance. Men en
ter the model at age 65 years and exit 
at time o f death due to prostate cancer 
or another cause. The decision tree 
stmcture is shown in eFigure L (avail
able online a t hup://www.jama.com). 

Initial Treatment 
Men in this cohort undergo treatment 
with IMRT, brachytherapy, or open ret
ropubic nerve-sparing radical prosta
tectomy. Once t reated, men are at risk 
o f recurrence as evidenced by an in
crease in PSA ( biochemical recur
rence) . I[ a man develops biochemical 
recurrence, he is a t risk of progression 
to metastatic disease and death due to 
prostate cancer o r another cause. 

H74 JAMA, Orambrr 1, 10 1~Vol 3o-t, No_ 21 0 20 I 0 Amtrican Mtdical Assodation. All rilhts rtsttnd. 
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Table 2. Model Inputs !OJ Utilities for Health States• 
Health Stat e 

Prostate cancer 
Active aurwih'lce" 
Biochemical reoxrenoe 

Metas.atic ca"'Cer 

Treatment of adverse effects 
lf11)0tence 

Urinaryc::ifficulty 

Urinary ncominenoe 

Bo'NE!I problems 

lf11)0tence and urinary difficulty 

lf11)0tence and urinary ncontinenoe 

Urinary ncominenoe and bowel problems 

lf11)0tence and bowel problems 

Ut;J;ty (SO) (Range) 

0.83 (0.2A) )0.42· 1) 

0.68 (0.26) )0.34·1) 

0.12 (0. 18) )O.Q8.0.24j 

0.88 (0.201 )0.44· 1) 

0 .88 (0. 16) )0.44· 1) 

0 .81 (0.30j )0.4o.1) 

0.63 (0.32) )0.32· 1) 

0.77 (0.2A) )0.38· 1) 

0.84 (0.23) )0.42· 1) 

0.64 (0.33) )0.32· 1) 

0 .55 (0.35) )0.23· 1) 

lf11)0tence. lRlary floonti'lenoe. a"'d bowS problems 0.38 (0.30j )0.1Q..0.75j 

Major oomplcat:iona of radical prostateaomyD 0.96 (0.012) )0.48 ·11 

Minor ccmpi:abons of radical prostatectomy<= 

Ocher heelh ~ates 
Posttreatment wilhout adverse effects.. 0.80 fi).2A) f0.4-ll 

Treatment with radical prostateaomyd 0.46 fl).36) f0.23.0.921 

Treatment wilh radiation therapyd 1 j0.5·1) 

base case, utilities were e1icited from 
men without a diagnosis of prostate 
cancer using the time-trade-off method, 
in which individuals are asked to de
fine the amount o[ Lime they would be 
w i11 ing to sacri fice to be in a better 
health stale vs a poorer health state 
( T ABLE 2) .J6.J8 Sensitivity analyses were 
conducted using patient-derived utili
ties. In the model, patients maintain 
posttreatment uti1ities until death , with 
the exception or utilities related to 
short-tenn adverse effects and erectile 
dys[unction attributed to androgen deJ>
rivation therapy. 

Sensitivity, Threshold, and 
Probabilistic Sensitivity Analyses 
\Veconducted 1-way and muhiwaysen
sitivi.ty analyses around key variables 
( ranges are g iven in Table I and 
Table 2). Threshold analyses were per. 
[ormed to identi[y probability and uti!. 
ity values at which the optimal strat
egy (as defined by the highest QALE) 
changed. Sensitivity analysis was also 

per[ormed to assess the effect o r dis. 
counting on model results (eTable 2). 

Prob..1.bi1istic sensitivity analysis was 
performed and errectiveness calcu
lated [or each strategy [rom 500s.~mples 

consisting or I 00 000 individual trials 
run with unique sets or draws from in
dependent distributions around iS 
parameters, including probability o r 
prostate cancer-specific death during 
active survei11ance, complications and 
adverse effects of treatment. and utili
ties. Uncertainty around event prob
abilities and uti1ities was represen ted 
using 13 distributions (Table I) except 
[or uncertainty around the probability 
of developing metastatic d isease prior 
to treatment during active surveil
lance. which was estimated using a uni
form distribution. 

RESULTS 
Base case 

In men aged 65 years, active surveil
lance, with IMRT for progression, was 
the most effective strategy (defined as 

the strategy associated with the high
est QALE) producing 11.02 QALYs. 
Brachytherapy and IMRT were less d
[ective at 10.5 and JO.i3 QALYs, re. 
spectively. Radical prostatectomy was 
the least e[[ective treatment, yielding 
10.23 QALYs. The di[[erence between 
the most and least effective initial t reat
ment was 0.25 QAL Ys, or 3 months 
of QALE. In contrast, active surveil
lance provided 6.2 additional months 
o [ QA LE compared wi th brachy. 
therapy. the most effective ini tial 
treatment. 

In the base case. 61% of men ini
tially [allowed up with active surveil. 
lance underwent definitive treatment 
during their life times because of pro
gressive disrosc o r patient choice at a 

median of 8.5 years after diagnosis, 
sim ilar to recent pub1ished experi
ence.9.II,UJ9 The risk or prostate cancer
specific death was 9% for initial treat
ment and l l% for active survei1lance 
in the model. 

Adive Surveillance: Evaluation 
of Key Model Parameters 
The results o[ sensitivity and thresh
old analyses in which active surveil
lance yielded a lower QALE than anini
tial treatment are reported herein. 
Analyses using patient-derived utili
ties (eTable 3 and eTable4) and which 
varied the probability o r disease pro. 
g ression during active survei11ance 
(e Table 5), developing symptoms o[ dis. 
ease during active surveillance (eT able 
5), adverse errects o[ treatment (e Table 
6), and the utili ties associated with 
symptoms during active surveillance 
(eTable 7) resulted in QALE estimates 
favoring active survei11ance. 

Risko[ Prostate Cancer-Specific 
Death. We conducted a threshold analy. 
sis to identi[y how much greater the risk 
or prostate cancer-specific death would 
have to be under active surveil1ance 
compared with initial treatment fo r the 
2 approaches to be associated with equal 
QALE. For QALE to be equal, 15% o[ 
men undergoing active surveillance 
would have to die of prostate cancer as 
opposed to 9% who received initial 
treatment. a lifetime relative risk of 

H7' JAMA, lkambcr 1, 10 1~Vol 3o-t, No_ 21 
Cotnaed on Apnl .f, 2011 

0 20 I 0 Amtrican Mtdica l Assodation. All rights rtscrnd. 
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death of0.6 for initial treatment vs sur
veillance. 

Analyses of Utilities. The utility or 
va]ue assigned by indh~dua.ls to a par
ticular hea1th state is of centra] impor
tance in the analysis of QA LE. Two 
utilities were key to determining the 
favored strategy in the base case: ( I) 
the utility for undergoing active sur
veillance and being a t risk o f cancer 
progtression ( Jiving under active 
surveillance) and ( 2) the u tility for 
having been treated and being a t risk 
o f recurrence but not experiencing 
adverse effects of treatment (posttreat
ment without adverse effects) (eTable 7 
and eTable 8) . 

FIGURE I demonstrates this depen
dence. The line on the graph repre
sents the points a t which the QALE of 
active surveillance was equal to initial 
treatmen t with brachytherapy; the 
shaded area to the right and below the 
Jine represents values of the u tility for 
]h~ng. underactive surveillance at which 
active surveillance produced higher 
QALE than initial treatment. For ex
ample, if the u tility for active surveil
lance was0.83 (the base-case value), the 
posttreatment utility had to be less than 
0.88 for active surveillance to remain 
associated with higher QALE. If the 
posureatmenl u tility was 0.8 ( the base
case value) , the utility for living under 
active survei11ance had to be greater 
than 0 .77 for active survei11ance to be 
favored. 

When deciding whether to undergo 
active surveillance, patients and clini
cians must weigh the psychological bur
den of Jiving with prostate cancer and 
the disease-specific risk of doing so. We 
therefore performed a threshold analy
sis simultaneously varying the utility for 
active surveillance and the incidence of 
prostate cancer- specific death to iden
tify at which va]ues of each active sur
veillance wou]d continue to be fa
vored over initial treatment. FIGURE 2 
represents the values of uti1ity for ac
tive surveil1ance and incidence of pros
tate cancer-specific death a t which the 
QALE generated by the model is equal 
to in itia] treatment (with brachy
therapy). For example, if the utility for 

active surveillance was 0.9. active sur
veillance produced a higherQALE than 
initial treatment even with a risk of 
prostate cancer-specific death of up to 
19%. 

Probabilistic Sensitivity Analysis. 
Given the considerable uncert..1.inty sur
rounding the model inputs, we per
formed a probabilistic sensiti,1ty analy
sis (TABLE 3). These resul ts reflect the 
uncertainty surrounding each param
eter in the mode]. including uti1ities. 
symptoms during active surveillance, 
adverse effects o f treatment, and risk of 
prostate cancer- specific death during 
active surveillance. Although the con
fidence intenraJ for each strategy is wide, 
the ranking o f strategies and the mag
nitude of effect difference between the 
st rategies was unaltered when uncer
tainty was incorporated. Moreover, 
there was no statistical advantage of any 
ini tia l treatment over active survei1-
lance. 

COMMENT 

Men aged 65 years at diagnosis fol
lowed up with active survei11ance re
ceived an additional 6.2 months of 
QALE compared with treatment with 
b·rachytherapy, the most effective ini
tial treatment, in the base--case results. 
This analysis demonstrates that when 
a broad spectntm of possible disease
and quality of life-related outcomes as
sociated with active surveil1ance and 
treatmen t is taken into account, active 
su rvei11ance is a reasonable approach 
to consider in 65-year-o ld men with 
clinically localized, low-risk prostate 
cancer. 

However. in the United States, ac
tive surveillance is used infrequent]y for 
management of prostate cancer. Al
though 16% to 40% of men newly di
agnosed ..15 having prostate cancer meet 
criteria for active surveillance, Jess than 
I 0% of eligible men elect this ap
proach.40..•1 Barriers to its use have in
cluded concerns about long-term dis
ease outcomes. the perception that most 
men wi11 ultimately undergo treat
ment, and concerns about the quality 
o f life of men who elect active survei1-
lance.•l.il 

0 2.010 American Mcdi.cal AsSO<'iati.on. All rights l't:Sf:n·c.d. 

The long-term outcomes of men who 
undergo active survei11ance are po.orly 
characterized. Prospective studies of ac
tive survei11ance have differing eligi-

Figure 1. Threshold Analysis of Utility for 
living Under Active Surveillance and for 
Having Undergone Treatment Without 
Adverse Effects 

0.6 o.a 1.0 

U1ity Under M."" Stm!lance 

l..W'ie indicates point at which qual1ty·a4usted lite ex
pectancy of surveila.nc:e is equal to initial treatment. 
Shading indicatesadivesurveilance favored CN~r ini· 
tial treatment. 

Figure 2. Threshold Analysis of Utility for 
Being Under Active Surveillance and 
Probability of PCSD Under Active 
Surveillance 

0.3 

0~----r-----~----~ 
0..1 0 ..8 0 .8 1.0 

Utiity u~ Aciive Ssvtillcme 

l..W'ie indicates point at which qual1ty·a4usted lite ex
pectancy of active surwillance is equal to i nilial treat· 
ment. Shading indicates active surwlance favored CNel 

initial treatment. PCSO indicates prostate cat~cer
specific death. 

Table 3. Probabilistic Sensitivity Analysis 
QALYs(95% 
Confidence Incremental 

Strat- Interval) OALY 

AaNe 9l.J'Veilelnoe 11.02 
{6.94·15.101 

Br~ 10.80 -022 
15.37·1623! 

lMRT 10.63 -0.17 
15.42·15.891 

Radical 10.41 ~22 

prco1a!Eacmy (4.84·15.98l 

JAMA. Dl':ccmbcr 1. 20t~Vol 304, No. 21 l 177 
Corn::cltd on Apnl i , 2011 
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bility c riteria and triggers for treat
ment, complicating the interpre tation 
of results9.1l,n.l• (eTable 9). The rela
tive merits of o ne set of eligibility cri
teria and treatment t riggers over an
other for capturing clinically significant 
disease and minimizing overt reat
men! have not been establ ished. Re
cently, Klotz et al9 published results o n 
the cohort with the longest median fol
low-up to date, 6.8 years. Thirty per
cent of the cohort progressed to defini
tive treatment; outcomes were favorable 
afte r short fo llow-up, with 97.2% I 0-
year prostate cancer-specific survival 
and 78.6% overall survival. 

Given the uncertainty surrounding 
Jong-term outcomes with active sur
veillance, we analyzed the errect on the 
results of varying the estimates of pros
tate cancer-specific death and progres
sive disease du ring active surveil 
lance. In the base case, we assumed that 
the re lative risk of prostate cancer
specific death after initial treatment 
compared with active surveillance was 
0.83, half that o f radical p rosta tec
tomy compared with watchful waiting 
as reported in a randomized con
trol1ed trial.24 1n that trial, men were not 
sc reen-detected and in general had 
higher-risk disease than patients typi
caJiy followed up with active surveil
lance, who are offered potentially cura
tive treatment. The relative risk of 
prostate cancer-specific death was 0.65 
(95% confidence interval, O.i5-0.9f) for 
treatment vs watchful waiting in men 
of all ages; in men older than 65 years, 
the relative risk was 0.87 (95% confi
dence in terval , 0.51 -1.-19) and was not 
significant. We chose 0.83 as the base 
case assumption o f relative risk to ap
proximate a conservative but reason
able risk o f prostate cancer- specific 
death in the absence of a randomized 
controlled tria] comparing treatment to 
active surveillance. \Ve then per
fonned sensitivity analyses to assess the 
point at which the QALE advantage of 
active surveillance could be overcome 
by a higher risk o f prostate cancer
specific death. For active survei11ance 
and initial treatment to be associated 
with equal QALE, the relative risk of 

H78 JAMA, lkambcr I, 10 1~Vol 3o-t, No_ 2l 
Cotnaed on Apnl -f, 2011 

prostate cancer- specific death after ini
tial treatment vs active surveillance 
would have to be 0.6. Even if choos
ing active surveillance places men a t a 
substan tia lly hig her risk of dying o f 
prostate cancer or the risk of progres
sive disease on active surveillance is 
doubled, active survei11ance is associ
ated with higher QALE. 

Few studies o f quality of life in men 
undergoing active surveillance have 
been perfonned, and even fewer have 
measured u tilities for active surveil
lance heahh states. However, anxiety 
in men who have chosen active sur
veillance or watchful waiting has not 
been shown to be higher than in men 
who eJect initial t reatment.*-47 

In th is analysis, active surveillance 
was favored over initial treatment for 
low-risk disease in men aged 65 years 
at diagnosis, but this result was highly 
dependent on the utility individuals 
place o n living under active surveil
lance compared w ith having been 
treated.48 1n the base case, the u tility for 
living under active surveillance was 
0.83; having been treated without ad
verse effects o f therapy but at risk of re
currence carried a u tility o f 0.80, 2 val
ues taken from the same population.36 

If these values are varied, the results o f 
the model change significantly. If the 
uti1ity for active surveillance is raised 
above 0.94, active survei11ance is fa
vored no matter the utility assigned to 
the posttreatment health state. If the 
utility for the posttreatment health state 
is 0.80 ( the base-case value), the util
ity fo r active su rveil1ance must be 
greater than 0. 77 for active surveil
lance to be favored. To place this util
ity in context, a u tility o f 0. 77 is as
signed to Jiving with both impotence 
and urinary difficulty (Table 2) . How
ever, there is no posttreatmen t utility 
at which initial treatment is favored in
dependent o f the u tility for living un
der active surveillance. Figure l dem
onstrates the importance of utilities in 
the model results but also reflects the 
central role of patient p reference in the 
decision-making process. 

These findings challenge the percep
tion that active surveillance is a rea-

sonable approach o nly if the risk of 
prosta te cancer-specificdeath is equal 
to that seen with initial treatment. \Ve 
found that as the utility fo r living un
der active surveillance increases, the 
minimal risk of prostate cancer
specificdeath associated with active sur
vei11ance necessary for initial treat
ment to be favored increases as we11 
( Figure 2). This analysis simulates the 
decision-making p rocess experienced 
by patients and physicians, who must 
weigh d isease-specific and psychologi
cal risks of active survei11ance. 

Probabilistic sensitivity analysis indi
cates the degree to which uncertainty 
surrounding each variable affects the 
results as a whole. The uncert..1.inty sur
rounding the probabilities and utili
ties used in the model reflects the gaps 
in the published literature from which 
we generated the model inputs. We have 
been conservative in modeling, assum
ing a high degree of uncertainty in the 
distribution parameters and no corre
lation between events, thereby exag
gerating the uncertainty in the results. 
The overlapping confidence intervals 
seen in this analysis are therefore not 
unexpected. However, the ranking of 
strategies and the magnitude o f ben
efitofacti\'esurveillancecompared with 
other strategies mirror the base-case 
results. The contribution of the proba
bilistic sensitivity analysis, and of this 
analysis as a whole, lies in the finding 
that despite substantial uncert..'lintysur
rounding this clinical question, active 
survei11ance appears to be a reason
able alternative to initial t reatment. 

To our knowledge, this is the first de
cision analysis comparing active sur
veillance with initial treatment for low
risk prostate cancer. Previous decision 
ana1)'Ses have compared watchful wail
ing with initial treatment.18,4S.Sl The 
most recent decision analysis48 used 
probabilities derived from Biii
Axelson et a l53 for the watchful wait
ing cohort and found that, in contrast 
to our study, initial treatment was as
sociated with a benefit in QALE for men 
with ]ow- and medium-risk disease aged 
70 years when average, patient
derived preferences were used. How-

0 20 I 0 Amtrican Mtdical Assodation. AU rights rtscrnd. 
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ever, as in our s tudy, individual pa
t ient preferences were c ri tical i n 
detennining the optimal t reatment for 
patients with low-risk disease. 

This decision analysis modeled out
comes only for 65-year-old men; there
fore, interpretation of these results must 
be limited to this popula tion. Most s tud
ies perfOrmed to date in younger men 
ha\'e dem onstrated disease-specific out
comes equivalent to o lder men.54

•58 

However, given the uncertainty sur
rounding long-tenn outcomes in men 
followed up with active surveillance, 
presenUng results including younger 
men would have requi red extensive 
sensitivity analysis and d iscussion sur
rounding th is issue. In addition, th is 
model d oes not incorporate co morbidi
ties common in o lde r men. lnc1uding 
analyses of younger or older men would 
have limited the ability to consider the 
importance of utilities in the out
comes in healthy 65-year-old men, the 
focus of this analysis. 

Addit ional limitations of this study 
reflect Lhose in the literature on which 
model <nputs were based. The results 
of randomized s tudies comparing ac
tive surveil1ance with initia1treatment 
are expected to emerge over the next 
few years. A more comprehensive cata
log o f p rostate cancer health states is 
needed~ as is an assessment of the d is
utili ty associated with uncertainty 
among men who choose not to be ac
tively treated-" In addition , the use of 
adjuvan t and salvage radiation th erapy 
after ra dical prostatectomy was not 
modeled. In this low-risk population, 
the use of subsequent radiation therapy 
is relati•vely rare, and given the magni
lUde o f QALE benefit of active surveil
lance compared with radical prostatec
tomy, it is unlikely that including a 
small survival benefit from subse
quent rndiation would substantively al
te r these conclusions. S9.62 

The quality-of-life advantage associ
ated with active surveillance is robust in 
this model o f treatment alternatives for 
men with clinically localized, low-risk 
prostate cancer. This benefit reOects the 
deferred and substantially lower inci
dence 0 f adverse effects o f treatment ex-

perienced by men under active surveil
lance. Active surve~llance is associated 
with significant impro\'ements in QALE 
even in analyses in w hich the probabil
ity of dying of prostate cancer or o f de
veloping progressive dise-ase during ac
tive surveillance is inc reased. However, 
the nnding that the optimal strategy is 
sensitive to utility weights is evidence 
that the decision wh ether to pursue ac
tive surveillance must be individual
ized. Models that incorporate indi
vidual patient utilities should be 
developed to assisL patients and th eir 
caregivers to estimate the risks and po
tential benefits of active surveillance be
fore making this decision. 
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Observation Versus Initial Treatment for Men With Localized, Low-Risk 
Prostate Cancer 
A Cost-Effectiveness Analysis 
Julia H. Hayes. MD; Daniel A. Ollendorf, MPH; Steven D. Pearson, MD, MSc; Michael J. Barry. MD; Philip W. Kantoff, MD; Pablo A. lee, BS; 
and Pamela M. McMahon, PhD 

Background: Obs-eiVa~on is underu~l~ed among lll<!n with local· 
ized, low-risk prostate cancer. 

Objective: To asst>SS tile costs and benefits of observa~on versus 
initial treatment 

Design: Decision analysis simulating treatment or observation. 

Data Sources: Medicare schedules, published literature. 

Target Population: Men aged 65 and 75 year. who had newly 
diagnosed low·risk pro<tate cancer (p<ostate-.pecific an~gen level 
<10 J.lg/l, stage s l2a, Gleason score :53 + 3). 

Time Horizon: lifetime. 

Perspective: SocietaL 

Intervention: Treabnent (brachytilerapy, intensity-modulated radi· 
ation therapy, or tadical pro<tatectomy) or obseiVa~on (arnve sur· 
veillance [AS] or watchful waiting [WWJ). 

Outcome Measures: Quality-adjusted life expectancy and costs. 

Results of Base-Case Analysis: Observation was more effective 
and less costly than initial treatment Compared with I'S, 'MN 
provided 2 additional months of quality-adjusted life expectancy 
(9.02 vs. 8 .85 years) at a savings of S15 374 (S24 520 vs. $39 894) 
in men aged 65 years and 2 additional months (6.14 vs. 5.98 years) 

The oprimal management of men with low .. risk, clini· 
cally localized pronate cancer is controversial. In the 

pros<a«-spccific amigcn (PSA) era. "f to 70% of these 
men have low-risk disease (PSA b·c < 10 !'gil, s<age 
sTia, G leason score s3 + 3) and less than 6% risk for 
pros<a« cancer-specific death a< 15 years (1-4). More 
than 90% of dtcsc men arc trc:ucd with radical pros<a<ec· 
to my (RP), cxtemal beam radiation, or brachythcrapy (BT) 
(5) , bm as many as 60°'o may not have required therapy in 
their lives (6). Mas< men who undergo treatment have at 
least I long·« rm adverse effect (7-9). 

The cost of unnecessary rrcatmcnr is nor Limited ro 
adverse effects. nn 2000, diagnosis and rrcatmenr was csti· 
ma<ed to cost $1.3 billion in the United States, an increase 
of 30% since 1994 (10). A rcccm analysis cstima<ed that 
the cost of diagnosis and treatment is slighdy more than $5 
million ro prcvcm I pros<a« cancer death (I I). 

Observation is an ahernative to trcarmenr for men 
with localized, low-risk disease and rakes the form of active 
surveillance (AS) and watchful waicing (W\'(1). Wi<h AS, 
men arc followed dosdy-rypically with serial PSA rests, 
digital rcc<al examinations, and biopsiC<-and treated with 
curative intent if the disease progresses. In rhe moS[ mature 

at a savings of 511 746 (518302 vs. 530048) in men aged 75 
years. Brachytherapy was the most effernve and least ""pensive 
initial treabnent. 

Results of Sensitivity Analysis: Treabnent became more effective 
than observation when it led to more dramatic reductions in pros
late cancer death (hazard ratio, 0.47 vs. 'MN and 0.64 vs. I'S). 
Active surveillance became as effective as '1/W!/ in men aged 65 
years when the probability of progressing to treatment on AS 
decreased below 63% or when the quality of ife with I'S versus 
'MN was 4% higher in men aged 65 years or 1 % higher in men 
aged 75 years. Watchful waiting remailed least expensive in all 
analyses. 

Umitation: Results depend on outcomes reported in tile published 
literature, which is limited. 

Conclusion: Among these men, observation is more effective and 
costs less than initial treabnent, and WW is most effective and least 
expensive under a wide range of clinical scenarios. 

Primary Funding Source: National Cancer lnstiMe, U.S. Depart· 
ment of Defense. Prostate Cancer Foundation, and Institute for 
ClinKaJ and Economic Review. 

Ann lnlem Med. 2013; 158:853.-960. 
For author affitiations. see end of te:d 

series, 30% of men were uJrimardy treated, and prostate 
cancer-specific survival was 97.2% at 10 years (12). 

\X'irh W\Y/, men arc observed without rnoniroring and 
given palliative rratment when the dista.S<: becomes symp.
romatic. T radirionally. this approach has been reserved for 
men expected to die with, not of, prostate cancer, usually 
because of advanced age or comorbld conditions. How .. 
ever, in subgroup anai)~CS of PIVOT (Prostarc Cancer ln
rcrvcntion Versus Observation Trial), which followed 73 1 
men (median age. 67 years) who had been randomly as
signed toRPor \Y/\'Y/ for a median of 10 y<ars (13), men 
wid1 low-risk prostate cancer derived no benefit from RP 
compared with W\Y/ in all..:ausc morraliry (hazard ratio 
[HRI, I. I 5 (95% Cl. 0.80 ro 1.66]) or pros<atc cancer
specific mor<ality (HR, 1.48 (Cl. 0.42 ro 5.24!). The 

See also: 

Web-Only 
CME quiz 
Supplements 
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Context 

Most men with localized, low4 risk prostate cancer are 
treated soon after diagnosis. 

ContribuUon 

This analysis used recent trial data to show that observa
tion slightly improves quality-adjusted life expectancy and 
is less expensive than treatment after diagnosis for men 
aged 65 and 75 yea" with localized prostate cancer. 
Treatment would have to be markedly more effective than 
current data suggest for the conclusion to be overturned. 

Caution 

The model was based on many assumptions given the 
scarcity of data for outcomes with treatment and 
observation. 

Implication 

Compared with treatment after diagnosis, observation is 
cost-effective for men aged 65 to 75 years under a wide 
range of clinical scenarios. 

- The Editors 

PRo TECf (Prostate Testing for Cancer and Ttcarmenr) 
erial (14), comparing active monitoring, RP, and radiother· 
apy, will also yield useful information about the relative 
benefits of observacion with monimring but will noc close 
enrollment unul lO 15. 

We re<endy did a decision anal)~is suggesting chat 
quality-adjusted life expectancy (QALE) improves with AS 
compared wich inicial treacmem (15), and previous cost 
analyses have suggested thac observation is less expensive 
chan initial treatment (16, 17) but did not formally 
estimate cost..cffectiveness. Therefore, we did a cosr
cffcctivcness analysis of AS and \'(f\Y/ compared with initial 
treatment of low-risk, clinically localized prostate cancer in 
men aged 65 and 75 yean. 

METHODS 
We developed a state transition model using TreeAgc 

Pro software (T recAgc Software, Williamstown, Massachu· 
seers) and did a Monte Carlo simulation to estimate rhc 
costs and health benefits for men with low-risk, clinically 
localized prostate cancer treated with intensity-modulated 
radiation therapy (IMRT), BT, open RP (in men aged 65 
years only; robotic prostatectomy was not modeled), AS, or 
WW (Supplement I, available at www.annals.org). Health 
benefits were described in months or years of QALE (15). 
Costs were derived from Medicare reimbursements and 
average wages for age-matched men. Men were aged 65 or 
75 years on model entry, and they exited at death. Cosrs 
and health benefits were discounted at 3% annually. We 
used a societal perspective, in accordance with the Panel on 
Cost-Effectiveness in Health and Medicine (18). 

854118 Jutw lOtl( An~~,;~b: orlntcm.-1 "ltdicilll:' l Volurnco ISS • Numbe-r l l 

Treatment Strategies 
The AS strategy comprised PSA testS every 3 months, 

digi[3J rec[3J examinacions every 6 monchs, and biopsies at 
I year and every 3 yean thereafter (12). Men who pro· 
gressed to more aggressive disease (Gleason histology score 
of 7 on repeated biopsy, clinical or biochemical progres· 
sion) or selected treatment received lMRT; in the base 
case, BT and RP were not modeled in men treated with 
AS. Ten percent of men who developed a Gleason score of 
7 had · unfavorable risk" disease and received 6 months of 
androgen-deprivation therapy with lMRT (19). 

The \YI\YI strategy reproduced rhe PIVOT experience. 
Men were followed with visits and PSA rests every 6 
months and bone scans every 5 years, and 20.4% of men 
were treated over 10 years (49% with RP, 39% with 
lMRT, and 12% with BT) (13). 

Model Inputs 
Model inputs were generated from a systematic review 

updated through June 20 I 2 and from PIVOT; probabili
ties were estimaced using random-dfeccs me[3-an3lysis (13, 
15) (Table I, Appendix I, Appendi' Table I, and Appen· 
dix Figure I, available at www.annals.org). The model \vas 
calibrated co ensure chat its performance was consiscent 
with assumpcions. Internal validation was done to ensure 
that model outputs were consiscent wich model inputs; ex
ternal validation demonstrated that model outputs were 
consistem with outcomes reported in the literacure (Ap
pendix 1). 

All men treated initially were assumed to have rhc HR 
point estimate of I .48 reponed in PIVOT for prostate 
cancer-specific death compared with \YI\YI (13). We as· 
sumcd as a base case that AS would provide 25% addi· 
tional benefit compared with WW in preventing prostate 
cancer-specific death and used an HR for prostate cancer
specific death for treatment compared with AS of 1.85. We 
changed 2 probabilities from the previous decision analysis 
to reflect the publication of updated results of AS cohorts 
(12, 22, 23, 25-28): The annual probability of Gleason 
progression on AS decreased to 2.3% from 2.7%, and the 
annual probability of developing ocher signs of disease pro· 
gression increased to 5.2% from 2.7% (Table I) (15). 

We classified adverse dfec[S of crcatment as short-term 
(occurring and resolving within 90 days) and long·tcrm 
(occurring or persisting at least 90 days after treatment and 
persisting for life) (T abies I to 3 and Appendi' Table 1). 

Utilities 

Utilities for health staces were elicited using a cime
tradeoff method from men without prostate cancer (range, 
0 [deceased] to I (perfect healthl) (15). For men in more 
than I health state simultaneously (for example, on AS 
with urinary obscructive sympcom.s), we multiplied ucilities 
(Table 2 and Appendix Table 1). 

.... annals.org 
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I T•h'- J. Model Inputs for Key ProbabilJIIH' 

Annual OisHse·Related f\'obabilities 

low-rilk prostate ca.rnr 
Biochemical recurrence after treatment (7-9) 
Progression from biochemical recurrence to metastatic disease (20) 
Death from prostate c.ancer after devetopment of metastatic disease (21} 

AS 
Progressing to Gleason score of 7 (12. 22, 23. 24) 
other progression (PSA test. ORE) (12. 22, 23. 25-28} 
Electing to have tteatment 
Development of metastatic disease before treatment 

ww 
Progression to tteatment (13) 

lntemedide-risk prostate cancer (Gleason S<Ote ~7) 

Biochemical recurrence after treatment (19) 
Progession from biochemical recurrence to metastatic disease (20) 

Costs 

We input costs in 2012 U.S. dollars for initial treat· 
mcm of prostacc cancer, ongoing crc:.atmcnt of cn:cdJc dys
function and urinary obS[ructive syrnpcoms existing before 
treatment, surveiUance, treatment of short ... and long .. term 

adverse effern, and patient rime costs (Table 3. Appendix 
I, and Supplement 2, available at www.annals.org) (3 1 ). 
\Y/e included inpatient and outpati<nt d irect and indirect 
medical costs derived from the Center. for Medicare & 
Medicaid Services Hospital Ourpatient Prospective Pay· 
ment Sys<em (32). We valued parient time ar $165 per 
day, assuming an 8-hour workday at the 2012 U.S. median 
\vage, for men 65 years or older (33). 
Sensitivity, Alternative, and Threshold Analyses 

We did 1-way scnsirivity analyses on key parame<ers, 
including the PIVOT-based HRs for prosta<e cancer
specific death (13) (Appendi' T ab.le 2, available at www 
.annals.org); the probability of progressing to trearment on 
WW and AS (Appendix Table 3, available at www.annals 
.org); the probability of progressing to rhe PIVOT distri· 
bution of treatments (RP, IMRT, or BT) among men rc· 
cciving AS (Appendix Table 4, available at \vww.annals 
.org); the utility of being on observation; and treatment, 
surveillance, and patient time costs and discounting rates 
(Appendix Tables 5 ro 9, available at www.annals.org). In 
rhrcshold analyses, we identified parame<cr values ar which 
strategy rankings changed (Table 4). In probabilistic sen· 
sitivity analyses (those done simultaneously on all model 
parame<ers [probabilities, costs, and urilitiesl to quantify 
the cumulative effect of uncenainty on the results), we 
simula<ed I 00 000 individuals for each of 500 samples 
drawn from independent d istributions representing the un .. 

www...-.h.orr 

Base-Case Estimde (SD)t 

O.o1 (year 1; ifetime ristc. 0.45) 
0.05 
0.22 

0.023 (0.006) 
0.052 (0.013) 
0.018 (0.005) 
0.00003t 

0.02 (0.005) 

O.o1 (year 1; ifetime ristc. 0.60) 
0.05 

Range Uwod in 
S.nsitivity Analysis 

Not varied 
Not varied 
Not varied 

0.012~.046 
0.026-0.104 
0.~.036 
Not varied 

0.01~.04 

Not varied 
Not varied 

cenainty surrounding estimates of probabilities, utilities, 
and costs for each strategy (Appendix 2, Appendix Figures 
2 and 3. and Appendix Table I 0, available ar www.annals 
.org). 
Role of the Funding Source 

This srudy was funded by the National Cancer lnsri· 
tute, U.S. Depanment of Defense, Prostate Cancer Foun· 
dation, and the Institute of Clinical and Economic Review. 
The funding source had no role in the conduct of the 
study; collection, manag<ment, analysis, or interpre[3tion 
of the daca; or preparation, review, or approv:il of the 
manuscript. 

RESULTS 
In this model comparing observarion using \YIW or AS 

with initial rrcatment, <he lifetime risk for death from 

[ T•hJ. 2. Model inputs for Key Uti IItle<' 

Hei lth State 

Prostate cancer 
AS (15. 29) 
WW(29) 
Beodlemical recurrence Q9) 
Metastatic cancer Q9} 
After treatment wrthout side effects (30) 

AS - xt.iVl' $U~i!l;~nco:: VIW - w.uchful •·1itins-

Utility (SO)t 

0.83 (0.24) 
0.83 (0.24) 
0.68(0.26) 
0.12 (0.18) 
0.80(0.24) 

Range 

0.42-1 
0.42-1 
Not varied 
Not varied 
0.4-1 

• Fc.c- IU!t.hu ckuih. _. ApJl'C'OOU: T .-bk I ( .. , ... il;~blo: ;11 'A'WW • .mtu.luMS:). 
t Wfw,rt' Slh "" provickd, iho: p~n.mo:tn w;u r.~rltd (nnS"t'· 0-1) in prnb.lbilinic 
fC!tuitivity .ltUI)"'i$ ur;ins 1 13-disuibution function in T t«"J\gt Pro p;~nnwtt'tilltd 
with ;~ppr.nim.ltion' a£ • Uld b (nngo:. 0-1) b..~ CMI tht mt.u~ .lnd SO uAns c.hc
IC!c-mul;~s in Appo:ndix Figun I (1\t~bbk .u - . .lnn.l~. 
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I T•h'- 3. Model Inputs for Key Costs • 

Costs 

Oir«t costst 
Surv~nce costs 

S.se-<as. 
Estimde. S 

Physician visit wrth PSA test 140 
loctemental cost of biopsy with prophylactic antibiotics 688 
PSA test ooly 29 
Bone scan 320 

Procedure costs 
RP (open) 11 856 
LMRT 23817 
BT 11511 
ADT 9090 

Short-term adverse effects and complic.ations 
Mlncx cotnplicaboos of RP 8259 
Major complic.ations of RP 19 687 
Septicemia aftet bqlsy 13 355 
Urinary symptoms of treatment 221 
Acute oonary retenti:ln <Bn 210 
Bowef symptoms of treatment 1306 
Urethral stricture (RP) 587 

long·feml adYetSe effects and symptoms 
Incontinence (incbing 1-time costs} 698 
lnconbnence (recurrent costs) 503 
Bowel effeds (including 1-time costs) 1557 
Bowel effects (recurrent costs) 26 
&ectile dysfoodion 6ncluding 1-time costs} 393 
Erectile dysfoocbon (recurrent costs) 154 
Underlying OOnary obstruction 968 
Undetl)in& eredie dysfunction 366 

Patient time costs 
Daily patient wage 165 
Surveillance costs 

PSA test « provide~ visits 83 
Visit with TRUS-guided biopsy 165 
Bone scan 83 

Procedure costs 
RP (open) 445 
BT 825 
IIY\RT 1857 
ADT 165 

Shott·leml adverse effects and complications 
Minor complications of RP 592 
Major com,oic.ations of RP 1564 
Septicemia after biopsy 938 
Unnary symptoms 115 
Acute Lrinary retenti:ln am 152 
Bowel symptoms 1975 
Urethral stricture (RP) 165 

l.on.g-tenn adverse effects and symptoms 
lncoobnence (incbing 1-time costs} 386 
Incontinence (recurrent costs) 83 
Bowel effects (including 1-time costs) 2434 
Bowel effects (recurrent costs) 140 
&ectile d)'sfoocboo 6ncluding 1-bme costs} 182 
&ectile d)'sfoodion (recurrent costs) 83 
Uodetl:ting oonary obstruction 6fi1 
Uodetl:ting eredie dysfunction 83 

ADT- andr'?som·depri,.uion rhmpy; BT - buchp.herapy; IMRT - imm,.ity· 
modul.lt«<. t~u.tion iliu"fly; PSA - pron•c-~ am'sen; RP - radicd pnw 
u.t«tomy; TRUS - u1ntmu.i uhr;uonosraph:y. 
• f« Nnher ckuiJ$. lft App-endix T .lble 1 (a-..ail;~ble at 'A'WW..lnn.Jh.org). 
t f« toUf CJC"S or emu. _. tht Mn!wd, k'nion and Appendix I (a~iJ.lble at 
www • .lmul..org). 

858118 Junr lOtl(Annab: orlntcm.-1 >. ifi!icilll:' l Volume ISS • Number l l 

prostacc cancer was 4.8% for men on AS, 6.0% for men on 
WW, and 8.9% for men treated initially (Table 5). life 
cxpcccancy was similar among the strategies: 8 l .6 years for 
men on AS, 81.4 years for men on W\'U, and 8 1.2 years for 
men treated initially. Among men aged 65 years, 78% on 
AS were tn:accd over their lifetimes compared with 34% on 
WW, at a median of 6.8 and 12.4 years after diagnosis, 
respectively. Among men aged 75 years, 61% on AS and 
23% on WW were treated a median of 5.4 and 8.4 years 
after diagnosis, respectively. 

Among all strategies in men aged 65 years, \YI\YI of· 
fcred the most QALE at the lowest cost (Table 5) and was 
cost-saving compared with AS, providing 2 additional 
months of QALE for SIS 374 less. Both observational 
strategies were more dfcctivc chan initiaJ treatment, but AS 
was more expensive than BT (by S4520) and RP (by 
$1714). Brachytherapy was the most effective therapy at 
8.14 yem of QALE but cost •n .ddition•l $10 854 com. 
pared with WW. Intensity-modulated radiation therapy 
was similar co BT in effect but, at $48 699. was the most 
expensive strategy. Quality-adjusted life expectancy was 
poorest with RP (7.95 years). 

Estimates were qualitatively similar in men aged 75 
years. Wa<ehful waiting was most effective and least expen· 
sive, providing 6.08 years of QAlE a< a cost of $18 302. 
Active surveillance provided 2 fewer months of QALE but 
cost an additional S II 746 compared with WW. Brachy· 
therapy was again the most effective and least expensive 
initial treacmem (less expensive than AS by $1238). 
l~<ensicy·modulaccd ~adiacion therapy was the least effec· 
nvc and most expensive scraccgy. 

For all buc \YIW, the largest cost was treatment of 
prosta<e cancer (including che average cosc of the procedure 
and paciem time costs) (Appendix Table II, available at 
www.annals.org). For men aged 65 years, RP was least 
expensive ($12 199) and IMRT was most expensive 
($25 569). The cost of treatment for men in the AS cohort 
overall (wich IMRT) was SIS 688. On \YIW, the greatest 
costs were associated with trcacing underlying erectile dys
function and urinary symptoms. The cost of surveillance of 
men diagnosed with proscate cancer (before and after creat· 
ment) was highest in those on AS for men aged 65 and 75 
years. 

Sensitivity Analysis of Disease-Related Parameters 
When we changed the HR for prostacc cancer-specific 

deach co che lower confidence bound of the PIVOT point 
estimate for the comparison of treatment and obscr\'ation, 
the scenario least favorable to obscr\'ation, both WW and 
AS became less effective than any initial treatment in men 
aged 65 yean; WW remained least expensive (Appendix 
Table 2). The HR for prosca<e cancer-specific deach at 
which the QALE with observation was equal to che most 
effective treatment, BT, was 0.47 for \YI\YI and 0.64 for 
AS, meaning that treatment would have co be 53% better 

.... annals.org 
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than \Y/\Y/ and 36% better than AS <0 overcome the QALE 
advantage of observation. 

Results were qualitatively similar in men aged 75 
years. Watchful waiting \V25 less effective than AS under 
the base case (5.76 '"· 5.98 years of QALE) when the HR 
for prostate cancer-specific death for treatment compared 
with \Y/\Y/ was reduced to the lower confidence bound, but 
it remained less expensive. Active surveillance was less cf .. 
fcctivc than WW with the same change (5.57 v. 5.76 years 
of QALE), and the rankings of costs did not change. The 
H R for prostate cancer-specific death at which QALE on 
\YI\YI was equal to initial treatment was 0.31 in men aged 
75 years; for AS, it 'vas 0.42. 

When the HR for prostate cancer-specific death for 
treatment vmus AS was doubled from baseline (H R for 
treatment of 3.7 relative to AS), AS remained less effective 
than \VW and the ranking of costs did not change (Ap· 
pendi.~ Table 2). The HR for prostate cancer-specific 
death fo r treatment versus AS would have to be 7 .7 l in 
men aged 65 years and 4.3 in men aged 75 years for AS to 
be equal to \Y/W (Table 4). 

Active surveillance became favored over W\'(f if the 
probability of having treatment on AS decreased below 
63% in men aged 65 years and 42% in men aged 75 years 
(Table 4 and Appendi.~ Table 3). If the probability of 
having treatment on AS or WW doubled, the rankings did 
not change. In an analysis in which men having AS pro· 
gresscd to a distribution of RP, IMRT, and BT identical to 
that in PIVOT, the QALE did not change substantially. 
Active surveillance remained more expensive than \Y/\Y/ by 
$10 500 in men aged 65 years and $7900 in men aged 75 
years, but it became less expensive than BT by $289 in 
men aged 65 years and $2633 in men aged 75 years. 

Sensitivity Analysis of Utility of Being on Observation 

In men aged 65 years, the QALE of AS and WW 
became equal when the utility of being on AS increased 
from 0.83 to 0.87. In men aged 75 years, the QALE of AS 

T•bk 4. Threshold Analyses of Scenarios in Which the 
OAJ.£ of AS Is Equal to or Better Than That of ww• 

Model PatametH AS Sue ThmOOid Value at 
use Which AS QALE Is 

Equal to or Better 
Than WWQALE 

Men aged 65 y 
HR fof prostate c.ancer-spec:ific death 

for treatment vs. AS 
1.85 .2:7.71 

lifetime probabity of bEing tteated 78 ~63 
on AS.% 

Utility of AS at which AS is favored 0.83 ~0.87 

OYerWW 

Men iged 75 y 
HR fof prostate c.ancer-spedfic death 

for treatment vs. AS 
1.85 ~430 

lifetime probabity of bang heated 61 £42 
on AS.% 

Utility of AS .tt which AS is favored 0.83 ~0.84 
OYerWW 

and WW became equal when the utility of being on ob
servation increased from 0.83 to 0.84 (Table 4). 

Sensitivi ty Analyses of Costs 

In all analyses varying costs, WW remained least ex· 
pensive (Appendi.~ Tables 5 to 8). For AS to be equal to 
'W\Y/ in cost, we had co set the cost of creatment equal co 
that of BT. the least expensive treacmenc; reduce costs of 
surveillance and treating short· and long·term adverse cf· 
fcctS of treatment by 50%; and decrease the probability of 
being treated by 40%. 

Probabilistic Sensitivi ty Analysis 

The ranking of strategies and magnitude of effect dif
ference between suacegics was unalcercd in probabilistic 
sensitivity analyses chat incorporaccd unccnainty in esci-

T•hk 5. Base-case Average L~etime Costs and QALE for Men Aged 65 and 75 Yean 

Strd egy Cost. S' lncrementil QALE, y Incremental Men Treated, Died of Prostate 
Cost S QAU. y " Cancer, % 

Men aged 65 y 
ww 24520 9.02 34 6.0 
8T 35374 10854 8.14 - 0.88 100 8.9 
RP 38180 13 660 7.95 - 1.07 100 8.9 
M 39894 15374 8.85 - 0.17 78 4.8 
IMRT 48699 24 179 8.10 -0.92 100 8.9 

Men aged 75 y• 
ww 18302 6.14 23 2.6 
8T 28810 10508 5.56 -0.58 100 3.9 
M 30048 11 746 5.98 - 0.16 61 2.1 
IMRT 42286 23984 5.52 -0.62 100 3.9 

AS - ani'"' sumoillanu; BT - bnchydlmpr. 1.\iRT - inltotui 'T modula1«l radi.uion 1ht't11p}': QAlE - qulllil)··.l.jumd lil\o crptaancy; RP - ruliclll ptmut«Ulmr. 
ww - 'A'llchful w..i•ins-
• RP not moddf'll in mcon .11~ 7S }'· 
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maces for men aged 65 and 75 yean (Appendix Figures 2 
and 3 and Appendix Table I 0). However, overlapping Cis 
surrounding both cos<s and QALE rcAcn the collective un· 
ccnainty surrounding all of the model inputs (Appendi.~ 2). 

DISCUSSION 

Mounting evidence suggests that many men with Jo .. 
caJiz.cd, low .. risk prostate cancer arc created unnecessarily at 
subs<amial pcnonal and societal cost. In this study, we 
demonstrated that both WW and AS arc associated with 
improved QALE compared with initial treatment and that 
\YI\YI is cost-saving compared with any other strategy in 
men aged 65 and 75 years at diagnosis. Watchful waiting 
was more dfcC[ivc than AS or initial trcacmcm in aU but 3 
scenarios modeled (Table 4) and remained less expensive 
in every 1-way sensitivity analysis conducted. 

The QALE advantage of \V\Y/ was lost if treatment 
became associated with substantial improvements in pros
catc cancer-specific death. Because of variability in patient 
selection, surveillance protocols, and the dearth of data in 
the W\Y/ Iitcraturc after PSA screening, we based our WW 
simulation on PIVOT (13, 34), the ~rst randomized trial 
comparing obscr\•ation with initiaJ treatment in a screened 
population. In the base case, we assumed that the HR for 
prostate cancer-specific death for tn:atmcm versus \Y/W 
was the point estimate reported in the low .. risk subset of 
PIVOT. No trials have compared AS with \V\Y/: Given its 
emphasis on incervemion and curative treacment, we as
sumed that AS would perform 25% bmcr in preventing 
prostate cancer-specific death than \V\Y/ and then varied 
chis HR over a wide range. For treatmem co yield a hiRher 
QALE, it would have to provide a survival benefit at rcast 
50% better than WW and 36% bmcr than AS. 

The QALE advantage of W\Y/ was also lost when we 
\'aricd the probability of progression to treatment with AS. 
In the absence of long· tcrm follow-up of studies of obscr· 
vation, we assumed constant races of conversion from ob
servation co creatment. Active surveillance became favored 
over \YI\YI if the probability of progressing to trcatmcm on 
AS decreased by more than I 5% in men aged 65 years and 
more than I 9% in men aged 75 years. 

Active surveillance also yielded a higher QALE than 
\YI\YI when the utility of being on AS \vas increased. As 
previously reponed, utilities arc key to the QALE ad\'an· 
tage associated with AS versus initial treatment (15). In the 
base case, we assumed no difference in utiliry between AS 
and WW in the absence of literacurc values. Sensitivity 
analyses found that increasing the utility on AS from 0.83 
to 0.87 in men aged 65 years or to 0.84 in men aged 75 
years made AS cquivalem to WW. 

Watchful waiting remained the least expensive in all 
but the most extreme scenario modeled as a result of the 
magnitude of difference in cost in the number of men 
created, treating adverse effects of treacment, and surveil
lancc. The high cost of AS \vas primarily due to the cost of 
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curative treacmem and surveillance. In che base case, men 
on AS who conven to treatment receive IMRT, the most 
expensive method. Active surveillance remained subscan
tially more expensive than \Y/\Y/ in the sensitivity analysis 
in which the same treatment distribution was used for AS 
as for WW, although its cost was slightly less than that of 
initial creatment with BT. 

In a recent decision analysis, Keegan and colleagues 
(17) compared the costs of AS with initial treatment with 
RP, radiation therapy, BT, and primaty androgen· 
deprivation cherapy. Active surveillance was associated with 
a per·paticm cost savings of $16 042 (CI, $16039 to 

$ I 6 046) after 5 years and $9944 (CI, $994 I to $9948) 
after 10 years of follow-up (17). This study used hospital 
costs ac a single institution, and costs were lower because it 
did not incorporate the costs of symptoms on AS or the 
costs of treatment of adverse effects, in contrast to our 
study. Corcoran and colleagues (35) compared a combina· 
tion of WW :tnd AS with RP :tnd found th:u- RP w.u mort' 
expensive, at $15 235 versus $6558 to Sl I 992 for WW 
and AS (depending on the rate of conversion to RP and 
surveillance schedule). However, this analysis used a I 5· 
year cime horizon and an annual conversion rate becween 
5% and 7%. Our annual rate of conversion to treatment of 
9% in the base case of AS reAms the more current data 
used in our analysis, and our lifetime horizon resuJcs in 
higher costs for AS and WW in our study. One recent 
analysis has modeled the prostate cancer-specific monality 
rate of AS compared with AS followed by RP and found 
that RP was associated \vith 1.8 months of additional life 
expectancy (36), but no studies to date have done cost· 
effectiveness analyses for \Y/\Y/ and AS compared with ini· 
tial creatment. 

The limitations of our study rcAcct, in pan, limita· 
tions of che literature. We used point estimates from a 
subgroup analysis in PIVOT, a study criticized for being 
underpowered. Although the estimate of the HR for pros· 
tate cancer-specific death for treatment versus AS is a rea
sonable assumpcion, no daca exist co compare AS with 
W\YI or with treatment, although we calibrated our model 
to PIVOT and validated it using the published literature 
(Appendi~ 1). We assumed a constant rate of conversion 
from observation to treacmem, but ic may diminish with 
time. The races of progression co treacmem in our model 
arc similar to those reponed in the literature (34% in men 
aged 75 years and 37% in men aged 65 years after 5 years) 
(12, 22, 23, 2)-28), but to date, most Gleason score up· 
grading on biopsy has occurred within several years of di· 
agnosis (37-39). In the absence of data in the literature, 
men who progressed on AS received IMRT in our base 
case because most men arc eligible for this creatment in 
contrast to BT or RP, for which eligibility is limited by 
prostace volume and comorbid conditions, respectively, 
thus biasing results against AS in ccrms of cost. Utilities arc 
ccmral to any analysis of QALE, and the lack of a stan· 
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dardiud catalog of promte anccr hcolth sutcs is > hin· 
dr:ance <0 modeling cost-ciTccUvencss tn thll dtsc»e. We 
have arrcmptcd to address all of these concerns in scnsiriv· 
uy and probabilistic sensitivi<y anal)""'· We hove nor in· 
eluded a cou-dfcC[ivc.ne:ss acceptability curve to illusrratc 
unccrtainry surrounding rhc willingncn•to· pay threshold. 
J-lowcvcr. given rhc dcbarc surrounding the existence of an 
accepted threshold in this country. we believe rhar the 
prob:tbill.stic scnsiri,·iry analysis comrcys rhc unccnainry 
ond magnirude of our results in a transparent woy (40). 
Despite the considerable uoccrtainry surrounding inputs in 
this model and the limitttions of this stud';[. one moy con· 
dude dut obscn·;uion is a rcasorublc an • in 10mc sirua· 
rions. cou .. saving altcmarh-c to injtUJ trtalf!'Cnl. 

In this analysis. obsco .. tion was .._,.,cd ,.;,h im· 
pro\·cd QAI.E compared ,..;th tmt..l rrc .. mcnt in men 
wirh low-<isk pros<arc cancer. W•tchful w•iring pro>-idcd 
greater QALE benefit compared with tnit..l trcotmcnr thon 
AS. but this finding was dependent on scwrol model as· 
.su mprjons. As has bt-en dc.-mon.stratcd, preference$ are cen
rrol ro rhe Qi\L£ advantage of obscrv>tion, ond rhc dcci· 
.sion about which strategy to pursue mtu.c be an individual 
one. Using our results. \\'e estimated that ir the number or 
newly diagnosed men with low-risk proStJCC cancer who 
selected observation with WW incrcmd from l 0°0 [0 

50°o, it would result in • COS! sovinS> of more than s I 
billion: if one half of the men who chose obscmnon opted 
for 'i<'W and one half for AS. ir would sovc S500 miJiion. 
;\s we bcucr classify men as low risk by •ddtng molecular 
and imaging rcchniquc.s currcmlr in denlopmcnr to sun· 
dud clinical poramcrcrs. prosp<Cil•-c srudocs should deter· 
mine whether less suo-cill.tncc dun IS l)l'ICall)' done on AS 
IS ufc for men who select obscrvauon for low·nsk prosutc 
cancer. These 6ndin51 pro,idc further suppon for W'if.l 
and AS os reasonable and underuti!.zcd oprions for men 
with low .. risk prostate cancer. 

From Lank CC'nt« ror ~nitowin.uy Oncology. O;ana.fu!M-r C;~ncer 
lnuirmr, Ho~rv.t.rd McdicJ.l School. lrutitulr f'or Cluuul ~nd Economic 
Re,·irw. ln.niturr ror T cchnology As .. srnmrnt, .and MnJ.Khl.l~tm CrnC"ral 
l·lo..spiul. Bos-ron. lloi:&JS<lchusru:s. 
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