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ABSTRACT

Objective: The prostate health index (phi) has been shown to
improve diagnostic accuracy in prostate cancer (Pca)
detection compared with total and free serum prostate-
specific antigen (PSA). The study assessed the cost-
effectiveness of early Pca detection with phi plus PSA,
compared with the PSA test alone, from a managed care
organization perspective.

Study Design: Cost-effectiveness analysis.

Methods: A Markov model estimated expected costs and
utilities of Pca detection and consequent treatment using four
strategies in men aged 50-75 years. The strategies differed
with the PSA test thresholds (>2 or >4 ng/mL) and methods
(PSA alone vs. PSA plus phi) to determine need for a prostate
biopsy. The transition probabilities were derived from the
electronic medical records of males in Kaiser Permanente
Southern California during 1998-2007. Health state utilities
and prostate cancer-related treatment costs were obtained
from the published literature.

Results: The most cost-effective strategy used the PSA plus
phi at PSA 2-10 ng/mL to determine need for a prostate
biopsy, which had the lowest cost and highest effectiveness
[cost/effectiveness (C/E)=13,650/15.491, $1,099/QALY].
Next was PSA plus phi at PSA 4-10 ng/mL
[C/E=14,095/12.364, $1,140/QALY), followed by PSA test
at threshold >4 ng/mL [C/E=15,256/12.304, $1,240/QALY),
or PSA >2 ng/mL [C/E=15,789/12.287, $1,285/QALY). PSA
plus phi at PSA 2-10 ng/mL displayed a 74% to 86%
probability of being cost-effective at a willingness-to-pay
range of 0 to $150,000/QALY gained.

Conclusions: Using the strategy PSA plus phi at PSA 2-10
ng/mL for Pca detection dominated other strategies, and was
an optimal strategy under a willingness-to-pay of
$150,000/QALY gained.

Keywords: prostate-specific antigen (PSA), free PSA, PSA

precursor form p2PSA assay, prostate health index (phi),
cost-effectiveness analysis.
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1. INTRODUCTION

The serum prostate-specific antigen
(PSA) test was recommended as screening to
help for early prostate cancer detection in men
by the American Urological Association
(AUA)' and the American Cancer Society? in
combination with counseling regarding the
risks and benefits of prostate cancer screening.
The United States Preventive Services Task
Force (USPSTF) published the recommend-
dation statement regarding against PSA-based
screening for prostate cancer.® Although the
debate is  continuing,*” PSA  level
measurement remains the preferred approach
for early prostate cancer detection.®

Currently, several PSA derivatives or
biomarkers and test methods have been
suggested to improve PSA specificity in
prostate cancer detection. A precursor form of
PSA, measured using the Access® Hybritech®
p2PSA assay, has been investigated for use
with Access Hybritech PSA and free PSA
(fPSA) to calculate the Prostate Health Index
or phi (Beckman Coulter, Inc., Brea,
California) to distinguish prostate cancer from
benign prostatic conditions. ®** The phi result
is intended for use as an aid in distinguishing
prostate cancer from benign prostatic
conditions in men aged 50 years and older
with total PSA value between 4 and 10
ng/mL, in combination with non-suspicious
digital rectal examination (DRE) findings. A
U.S. multicenter study of phi has shown its
usefulness in decreasing unnecessary biopsies
with improved specificity over the PSA test
alone, fPSA, and free-to-total PSA test.® For
example, at 95% sensitivity the specificity of
phi was 16.0%, compared to 3.5% for fPSA,
6.5% for PSA, 8.4% for free-to-total PSA in
the 2 to 10 ng/mL PSA range. ® Several
studies have demonstrated that phi has the
best overall performance characteristics for
prostate cancer detection when compared with
the PSA and fPSA test. **!
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A PSA threshold of > 4 ng/mL is
commonly used to recommend prostate
biopsy. Lowering PSA thresholds in
recommending a prostate biopsy can improve
the sensitivity of prostate cancer detection, but
raises concerns about overdiagnosis and
overtreatment. There have been reports
regarding the selection of PSA thresholds for
clinical use of phi.® Our study assessed the
cost-effectiveness of early prostate cancer
detection with PSA plus phi compared to the
PSA test alone at two PSA thresholds (> 2 and
> 4 ng/mL) from a managed care organization
perspective.

2. MATERIAL AND METHODS

2.1 The Economic Model

A Markov model was constructed
with three health states (no prostate cancer,
detected prostate cancer, and death). The
males started prostate cancer screening at 50
years of age from the no prostate cancer
state, then could move to detected prostate
cancer, or remain in the same health state
depending on the PSA testing result. They
could also transition to non-prostate cancer-
related death. The individuals in the prostate
cancer state could move to death, or stay in
the detected prostate cancer state.

Two PSA threshold values (2 and 4
ng/mL) were used for recommending prostate
biopsy or an additional reflex test in the
model. Individuals have three possible test
results:

1) The test is negative (PSA < threshold
value). We assumed that this result indicates
no cancer detection and no biopsy would be
ordered if DRE is negative.

2) The test is positive (PSA > 10 ng/mL). An
individual is referred to a urologist and a
biopsy would be used to confirm a diagnosis
of prostate cancer.

3) The test is borderline (PSA is between the
threshold value and 10 ng/mL).
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Four testing strategies (PSA alone vs.
PSA plus phi under two threshold values)
were compared. For the PSA strategy, an
individual is referred to a urologist and has a
repeated PSA test, and then receives a biopsy
for prostate cancer diagnosis. Assuming a
relatively short timeframe between first PSA
test and urologist referral, we therefore
assumed that the repeat PSA test would
essentially  confirm the initial result.
Nonetheless, the cost of the confirmatory PSA
test was added to our model as a standard of
care practice. For the strategy of PSA plus
phi, both fPSA and p2PSA would be
performed as reflex tests and phi could be
calculated. A score of phi greater than 30% of
weighted average relative probability of
prostate cancer represents a positive test that
would result in a urologist referral and
prostate biopsy recommendation. Conversely,
a score of 30% or less prostate cancer
probability is considered negative. Individuals
with a positive PSA test, but without biopsy-
confirmed cancers remained at the no prostate
cancer state, and continued with prostate
cancer screening. We assumed that missed
cancers in previous screenings could be found
in subsequent screenings.

Research indicates that most cancers
detected at two to four years after an initial
screen (st round) will be curable.***"’
Therefore, we assumed that the detected
missed cancers from previous screening have
similar clinical characteristics as the cancers
detected in regular screening. Although
individuals with biopsy-confirmed prostate
cancer have different options for care
(including  watchful  waiting, active
surveillance, and treatment procedure), there
are insufficient published studies on
probability of selection of care, therefore our
model assumed that they moved to the
detected prostate cancer state, and would
receive treatment.

Copyright 2015 KEI Journals. All Rights Reserved

Vol.2 Issue 12

Cost-Effectiveness of Prostate Health Index from a Managed Care Payer Perspective

The movement between health states
over a discrete time period is defined as
“Markov Cycle”, and was set to 1.5 years
based on the usual practices of a managed
care organization for the mean length of
repeated PSA test interval. The model was
iterated until the individual reached age 75
years or died, whichever came first. The
model used a managed care payer’s
perspective, with different discount rates
including 0%, 3%, 5% and 7% for costs and
health utilities'®.

2.2 Data Source and Inputs Data

Transition Probabilities: Probability
related to the no cancer state were obtained
from two sources, 1) an analysis of male
members’ electronic medical records in
Kaiser Permanente Southern California
(KPSC) for ages 45-75 years; and, 2) a
study of phi. ®

Data from KPSC included active male
members with at least one day of
membership from 1998 to 2007. They must
have been at least 45 years old on January 1,
1998, or at the end of the study period.
Individuals with a history of prostate cancer
before their first available PSA test were
excluded. The first PSA test results were
analyzed to calculate the age-specific rates
and 95% confidence intervals for PSA levels,
subsequent prostate cancer biopsy, and
prostate cancer detection (Table 1).

Since the mortality data were not
available from KPSC, age-specific mortality
was taken from 2006 U.S. life tables.’® The
prostate cancer-related mortalities under two
common treatment options (brachytherapy
and radical 1lprostatectomy) were derived
from a systematic literature review by Hayes
et al.?® The transition probability of cancer-
related death under 1.5 years of screening
interval was calculated using the “DEALE”
method.?
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Table 1. Markov Model Probabilities in Each 1.5 Year Cycle

Model parameters PSA threshold = 2 ng/ml. PSA threshold > 4 ng/mlL. Data source
Base case | sSD | Min | Max Base case sSD | Min | Max
No Cancer Health State
Probability of PSA<threshold
Probability of biopsy 0.0152 0.0002 0.0147 0.0156 0.0351 0.0003 0.0345 0.0357 | KPSC
Probability of prostate cancer 0.2442 00062 0.2320 0.2564 0.3004 0.0040 0.2926 0.3081 KPSC
Probahility of PSA at threshold-10
ng'ml
Age 45-49 years 0. 1280 00015 0.1252 0.131 0.0278 0.0005 0.0268 0.0288 | KPSC
Age 50-59 years 0.2236 00015 0.2207 0.2264 0. 0664 00006 0.0652 0.0675 | KPSC
Age 60-64 years 0.3370 0.0030 0.331 0.3429 0.1232 0.0014 0.1205 0.1258 | KPSC
Age 65-69 years 0.4005 0.0039 0.393 0.4081 0. 1620 0.0018 0.1585 0.1655 | KPSC
Age T0-T5 year 0.4493 00047 0.4402 04585 0.2059 0.0023 0.2015 0.2104 | KPSC
Probability of having a positive phi 0.7510 na na 0. 7400 na na Catalona
test
Probability of biopsy 0.2232 00013 0.2206 0.2257 0.4176 0.0027 0.4123 0.4229 | KPSC
Probability of prostate cancer in PSA 0.3017 0.0030 0.2958 0.3077 0.2836 0.0038 0.2761 0.2911 KPSC
alone test strategy
Probability of prostate cancer in 0.2963 0.0294 0.2387 0.3538 0.3029 0.0354 0.2341 0.3728 | Catalona
individuals with a positive phi test
Probability of PSA=10 ng/ml.
Age 45-49 years 0.0060 0.0003 0.0055 00065 0. 0060 0.0003 0.0055 0.0065 | KPSC
Age 50-59 years 0.0145 0.0003 0.014 00151 0.0145 0.0003 0.014 0.0151 KPSC
Age 60-64 years 0.0313 0.0007 0.0299 0.0327 0.0313 0.0007 0.0299 0.0327 | KPSC
Age 65-69 years 0.0485 0.0010 0.0464 0.0505 0.0485 0.0010 0.0464 0.0505 | KPSC
Age T0-T5 year 0.0770 0.0015 0.074 00799 0.0770 0.0015 0.074 0.0799 | KPSC
Probability of biopsy 0.4649 0.0054 0.4544 0.4755 0.4649 0.0054 0.4544 0.4755 | KPSC
Probability of prostate cancer 0.4015 0.0078 03863 0.4167 04015 0.0078 03863 0.4167 | KPSC
Detected Prostate Cancer Health State
Probability of prostate cancer related 0.0362 0.0185 0.0030 0.0754 0.0362 0.0185 0.0030 0.0754 Haycsm
death*®
Probability of other cause death Center for Disease Control Life Table 2006 Arias ET®

Abbreviations: NA, not applicable; SD, standard deviation; Min, minimum; Max, maximum; KPSC, Kaiser Permanente
Southern California.

Note: We applied a beta distribution on probabilities for the second-order Monte Carlo simulation in the model. Probabilities
of parameters for age 45-49 years were used for sensitivity analysis

Copyright 2015 KEI Journals. All Rights Reserved 4|Page
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Table 2. Cost and Health State Utility Values

Parameter Base Min Max Mode Distribution Data Source
Office visit costs

Primary care visit §37.15 $27.86 $46.44 $37.15 Not varied | MediCare fee schedule

Urologist visit $92.33 $69.25 S115.41 $92.33 Not varied | MediCare fee schedule
PSA blood test costs

tPSA $26.85 $£20.14 $33.56 $26.85 Mot varied | MediCare fee schedule

fPSA $26.85 $20.14 $33.56 $26.85 Mot varied | MediCare fee schedule

[-2]proPSA §71.95 $53.96 $89.94 §71.95 Not varied | MediCare fee schedule
Urinalysis costs $11.00 $8.25 $13.75 $11.00 Not varied | MediCare fee schedule
Biopsy costs $2,102.68 §1,577.01 $2.628.35 $2,102.68 Not varied | MediCare fee schedule
pCa related medical care costs

First 12 months $16,544.85 | $12,408.64 | $20,681.06 | $16,544.85 Triangular Stokes™

Continuous treatment $3 78380 §2,837.85 $4.729.75 $3,783.80 Triangular | Stokes™

Terminal phase 50.00 $549.02 §17.583.54 | $9.066.28 Triangular Stokes™
Health state utility

Mo pCa 1.00 Mot varied

Transition to detected pCa -$0.13 -$0.03 -$0.22 -$0.13 Triangular | Krahn™

Detected pCa S0.78 $0.63 $0.92 $0.78 Triangular | Hayes™, Krahn™

Disutility due to the biopsy procedure 0.027 Not varied | Krahn™

Abbreviations: Min, minimum; Max, Maximum; fPSA, free PSA; pCa, prostate cancer.

Note: All costs expressed in 2009 U.S. dollars.

Costs: PSA test-related costs were based on
the national 2009 Medicare fee schedule
(Table 2). Office visit costs included one
primary care visit for individuals with a
negative PSA test, or one primary care visit
and two urologist visits for the individuals
referred to the specialist. We assumed that a
patient with a positive PSA test at the primary
care visit obtains the biopsy from a urologist,
and returns to the urologist at least one time
for follow up.

Different PSA blood test cost
components were applied to the PSA test
strategies according to the PSA test result. If
PSA was less than the threshold value or
greater than 10 ng/mL, one PSA test was
included. If PSA was between the threshold
and 10 ng/mL, PSA test costs were calculated
as the following, 1) two PSA test costs (one
at the primary care visit and the other at the
urologist visit) for the PSA strategy; or 2) one
PSA, one fPSA, and one p2PSA for phi
strategy. We assumed that a routine
urinalysis is performed to identify possible
reasons for a positive PSA or phi. Costs for

Copyright 2015 KEI Journals. All Rights Reserved
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prostate biopsies include a twelve-core
prostate biopsy, echography-guided biopsy,
transrectal ultrasound, tissue examination by
a pathologist, and three immunohisto-
chemistry stains.

Medical care costs for prostate cancer
were from published data®* and adjusted to
2009 U.S. dollars using the Consumer Price
Index (CPI). The long-term prostate cancer
care related costs were assumed to be the
incremental differences between the prostate
cancer and the non-cancer cases based on the
care phase after the diagnosis of prostate
cancer.?? The costs included three prostate
cancer care phases, which were six months of
the initial phase, the last 12 months in the
terminal phase, and continuous care between
the initial and terminal phases.?? Based on the
U.S. Prostate, Lung, Colorectal and Ovarian
(PLCO) Cancer Screening Trial in which
95.5% of prostate cancers were classified as
stage Il at 10 years follow-up,® we assumed
that screening detected prostate cancers were
stage Il prostate cancers. Stage Il prostate
cancer related costs were applied to the
model.

5|Page



Medical Research Archives

Utilities: We incorporated value
measurements from a systematic review?® and
two published studies **® on health utility for
prostate cancer treatment and watchful
waiting. Decreased utility was used as
disutility for the model transition in the cycle
from no prostate cancer to the cancer state.
The modal value calculated from the range of
12 months post-treatment utilities was used as
the incremental utility in detected prostate
cancer state. The range of utilities for the
sensitivity analysis incorporated the patient
utilities reported by Basu,®* which were
comparable with those summarized by Hayes
et al % (less than 0.03 score differences).
Prostate biopsy-related disutility was used in

the model for individuals undergoing
biopsies.?®
Sensitivity Analysis: One-way

sensitivity analyses were performed by
investigating the effect of changes in
individual base case parameters across
possible value ranges. We used net monetary
benefit (NMB) as the expected outcome,
combining the outcomes cost and effect at a
specified willingness-to-pay (WTP) threshold
of $50,000 per quality adjusted life year
(QALY) to construct a Tornado diagram at
the decision node. 2 NMB is calculated using
the formula:

NMB = E*WTP-C, where E represents effect-
iveness and C represents cost. A second-order
Monte Carlo simulation evaluated the joint
effect of uncertainty on key estimated
parameter values in the model.?® The key
parameters were simultaneously and randomly
varied over the probability distributions using
a Monte Carlo simulation with 10,000
iterations. The  probability and cost
distributions of the parameters followed the
Briggs guidance (table 1-2).%°

Based on the simulation results, we
constructed a cost-benefit acceptability curve
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for each strategy at different WTP
thresholds.*® Each curve represents the
proportion of iterations for which each
comparator has the highest net benefits
relative to all other strategies at different
levels of the WTP. AIll analyses were
performed using the TreeAge Pro 2009
program (TreeAge Software, Inc.,
Williamstown, MA), and adhered to the Panel
on Cost-Effectiveness in Health and Medicine

recommendations.®
3. RESULTS
3.1 Base Case

Table 3 summarizes the costs and
effectiveness results from various discount
rates. With 10,000 samples simulated from
age 50-75 years under a 3% discount rate,
PSA plus phi at PSA 2-10 ng/mL strategy was
dominant and most effective to determine the
need for a prostate biopsy. This approach had
the lowest costs and highest effectiveness
[cost/effectiveness (C/E)=13,650/12.416,
$1,099/QALY], as compared to the strategy
of PSA plus phi at PSA 4-10 ng/mL
[C/E=14,095/12.364, $1,140/QALY], or PSA
alone at PSA threshold >4 ng/mL
[C/E=15,256/12.304, $1,240/QALY], or at
PSA threshold >2 ng/mL [C/E=15,789/
12.287, $1,285/QALY]. The PSA test alone at
the threshold of >2 ng/mL was the least
effective testing strategy. The differences
between the most and least effective testing
strategies were $2,139 in costs and 0.129
QALY in effectiveness, but ranged from
$1,552 to $2,810 in costs, and 0.084 to 0.18
QALY in effectiveness, depending on
discount rate (Table 3).
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Table 3. Cost-effectiveness Results from Second Order Monte Carlo Simulations at Various Discount Rates

Increment NMBE ($) INME ()
Incremental Effectiveness  Effectiveness
Strategy Cost ($) Cost ($) (QALYs) (QALYs) Cost/iEffectiveness ICER
Discount=0%
phi strategy2 18.182 15.491 1,173.71 756,368
phi strategy4 18,758 576 15.420 -0.071 1,216.47 (Dominated) 752,242 -4,126
PSA strategyd 20,308 2126 15.335 -0.156 1,324.29 (Dominated) 746,442 -9,926
PSA strategy2 20,992 2,810 15.311 -0.180 1,371.04 (Dominated) 744 558 -11,810
Discount=3%
phi strategy2 13,650 12.416 1,089.39 607,150
phi strategy4 14,095 445 12.364 -0.052 1,140.00 (Dominated) 604,105 -3,045
PSA strategy4 15,256 1,606 12.304 -0.112 1,238.82 (Dominated) 599,944 -7,206
PSA strategy2 15,789 2,139 12.287 -0.128 1,285.02 (Dominated) 598,561 -8,589
Discount=5%
phi strategy2 11,458 10.878 1,053.41 532,441
phi strategy4 11,840 381 10.836 -0.042 1,092.65 (Dominated) 529,960 -2,481
PSA strategy4 12,813 1,354 10.788 -0.080 1,187.71 (Dominated) 526,587 -5,854
PSA strategy2 13,270 1,811 10.774 -0.104 1,231.67 (Dominated) 525,430 -7.011
Discount=7%
phi strategy2 9,738 9.638 1,010.38 472 162
phi strategy4 10,068 3 9.604 -0.034 1,048.42 (Dominated) 470,131 -2,031
PSA strategd 10,893 1,155 9.564 -0.074 1,138.96 (Dominated) 467,307 -4 855
PSA strategy2 11,280 1,562 9.554 -0.084 1,181.70 (Dominated) 466,410 -5,752

Abbreviations: QALYs, quality adjusted life years; ICER, incremental cost-effectiveness ratio ($/QALY); NMB, net monetary benefit; INMB,
incremental net monetary benefit; PSA, prostate-specific antigen; phi strategy2, PSA plus phi at PSA 2 to 10 ng/mL; phi strategy4, PSA plus phi
at PSA 4 to 10 ng/mL; PSA strategy2, the PSA alone test using PSA threshold > 2 ng/mL; PSA strategy4, PSA alone test using PSA threshold >
4 ng/mL.

Note: all options referenced to a common baseline of phi strategy2. The costs were expressed in 2009 U.S. dollars. NMB was calculated
given a willingness-to-pay of $50,000/QALY gained.

Copyright 2015 KEI Journals. All Rights Reserved 7|Page
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3.2 Sensitivity Analyses

Figure 1 shows a series of one-way
sensitivity analyses at the decision node
based on NMB analysis given the WTP of
$50,000/QALY. The  vertical line
represents the base-case highest NMB
estimate ($ 606,859/QALY). The expected
NMB is most sensitive to the discount rate,

Cost-Effectiveness of Prostate Health Index from a Managed Care Payer Perspective

followed by the age at initial PSA
screening, age to stop screening, the utility
of prostate cancer, the probability of
prostate cancer related mortality, and the
probability of prostate cancer when there is
a positive test result of phi at PSA 2-10
ng/mL.

Base case NMB= $606,859

Discount rate: 7% to 0%  $472,185 $744,553
Age of initial PSA screening: 45 to 55 years = $505,252 $664,326
Age stop PSA screening: 70 to 80 years $521,801 $639,577
Utility of cancer health state: 0.63 to 0.92 $596,062 $617,553
Prob. of pCa related mortality: 0.003 to 0.0754 $598,695 $615,592
Prob. of pCa in po;iztis\;e#::iggs‘r)t;g PSA 2-10 ng/mL: $603.707 $611,570
$45|0K $5(;0K $5!';0K $6(;0K SSF;OK $760K $7!';0K

Figure 1. Tornado Diagram of One-way Sensitivity Analyses. Tornado diagram showing a series
of one-way sensitivity analyses at the decision node based on net monetary benefit analysis given

the willingness-to- pay $50,000/QALY.

The second-order Monte Carlo
simulation analyses show that PSA plus phi
strategies compared to the PSA test alone
are dominant in 99.97%, and 98.71% of
samples under the biopsy thresholds of 2
and 4 ng/mL, respectively. The net monetary
benefit acceptability curves at a range of 0 to
$150,000/QALY WTP indicate that 1) the
strategy of PSA plus phi at PSA 2-10 ng/mL

Copyright 2015 KEI Journals. All Rights Reserved
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displays a74% to 86% probability of being
cost-effective; 2) PSA plus phi at PSA 4-10
ng/mL shows a 26% to 14% probability of
being cost-effective; 3) PSA test alone at
thresholds 2 or 4 ng/mL have 0% probability
of being cost-effective; 4) PSA plus phi at
PSA 2-10 ng/mL was the optimal option
relative to all other strategies under the WTP
of $150,000/QALY (Figure 2).
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Figure 2. The cost-effectiveness acceptability curves

4. DISCUSSION

Our cost-effectiveness analysis based
on a managed care payer’s perspective on
PSA test for prostate cancer detection
produced three major findings, 1) using phi at
PSA 2-10 ng/mL or 4-10 ng/mL are the
dominant strategies compared to using the
PSA test alone; 2) using phi at PSA 2-10
ng/mL is the optimal strategy among all four
PSA testing strategies across a range of WTP
from $0 to $150,000/QALY gained; 3)
without adding phi, the PSA test alone using
PSA threshold >2 ng/mL to recommend a
prostate biopsy was the most costly and least
effective strategy in prostate cancer detection
and consequent treatment.

Copyright 2015 KEI Journals. All Rights Reserved
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Our model included all levels of PSA
test results. In each screening cycle, PSA
plus phi reduced 1.6% and 1.1% biopsies
compared to the PSA test alone at PSA 2-10
ng/mL and 4-10 ng/mL, respectively. The
reduction of unnecessary biopsies through
increased phi specificity produced the cost
savings. Therefore, the strategies with phi
generated greater cost savings than the
strategies using PSA only, regardless PSA
thresholds. These findings are consistent with
our previously published budget impact
analysis of phi®* and cost-effectiveness
analysis from the U.S. societal perspective.
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The current analysis indicated that
applying phi at PSA 2-10 ng/mL produced
greater savings through reductions in the
number of biopsies, than applying phi at PSA
4-10 ng/mL. Higher PSA levels are
associated with increased probability of
prostate cancer.**3* However, a widely used
cutoff value PSA >4 ng/mL was unable to
detect all prostate cancers.** Some clinicians
use a 2 ng/mL cutoff to recommend a
prostate biopsy, which may increase
detection of clinically insignificant cancers,
and may lead to overtreatment.®® Recent
research shows that applying phi in
conjunction with PSA range 2-10 ng/mL
significantly ~ improves  specificity in
discriminating prostate cancer from benign
disease while avoiding unnecessary prostate
biopsy. %% Our study provides evidence of
the cost-effectiveness of prostate cancer
detection using phi as compared with PSA
test alone. These results further validate our
previous findings®"*? of the benefits of phi as
an aid to detect prostate cancer. Our model
shows the long-term costs and health state
utility benefits of using phi for a 25-year time
horizon, especially using phi at PSA 2-10
ng/mL.

Our model shows that using a lower
PSA threshold, (e.g. 2 ng/mL) without adding
phi, would increase costs and decrease
QALYSs gained as compared to using a higher
PSA threshold alone, (e.g. 4 ng/mL) or PSA
plus phi. Using the PSA test alone to detect
prostate cancer resulted in more prostate
biopsies, and may detect more cancers than
using PSA plus phi. These additional biopsies
and prostate cancer treatment following
cancer detection were associated with higher
costs and lower health utility or lower
QALYs. Using PSA test alone at a PSA
threshold >2 ng/mL should be used with
caution, and using PSA plus phi at PSA 2-10
ng/mL could generate the highest net
monetary benefit as compared to other PSA

test strategies.

Applying phi when the initial PSA test
produces borderline test results generated
higher health utilities than using PSA test
alone. Interestingly, the health utilities
differences between PSA plus phi and PSA
test alone were greater in PSA threshold >2
ng/mL (0.129) than >4 ng/mL (0.060). These
results imply that men from aged 50-75 years
through a 25-year life span may have higher
QALYs if phi was used as an aid in
distinguishing prostate cancer from benign
prostatic conditions than using PSA test alone
to detect prostate cancer, especially when phi
was used at a PSA threshold >2 ng/mL.

One of the strengths of this study is the
use of electronic medical record data from a
managed care organization to obtain health
state transition probabilities. These results may
approximate real world managed care
practices, especially the results for PSA test
alone. However, since p2PSA was not
available in the U.S. when we performed this
analysis, we assumed that the performance of
phi in a managed care environment would be
the same as that in the multicenter clinical
trial.® Future studies should be considered to
evaluate the clinical use of phi along with
costs and quality of life outcomes.

We had to make some assumptions in
our model due insufficient data on practice
patterns. Therefore, our model may lack
precision on some of the point estimates. For
example, for the individuals with a
borderline PSA test result, we assumed that
repeated test would essentially provide the
same result as that in the first test. This could
potentially overestimate prostate cancer
rates, for example considering the possibly
of a negative repeat PSA test result (i.e.
below the decision cutoff). We assumed that
men with biopsy confirmed prostate cancer
received definitive treatment because lack of
published data for active surveillance. This
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could also have resulted in an over-
estimation treatment according to our model.
Because mortality data were not available
from the KPSC, we used published mortality
data in our model. In addition, our model did
not incorporate cancer stage or identification
of non-clinical relevant prostate cancer.
Another potential limitation of the current
study was that the decision to order a
prostate biopsy was made within PSA
threshold values instead of a continuous
probability of comprehensive prostate cancer
risk, which is recommended in the 2009
AUA PSA Best practice Policy.!
Nevertheless, the current analysis provides
an appropriate comparison of cost-
effectiveness between the strategies of PSA
test alone and PSA plus phi, and the
sensitivity analyses reinforced the robustness
of the conclusions. Although a higher phi
score has been shown to be predict increased
risk of Gleason score greater than or equal to
4+3=7 pathology,®® these studies are
preliminary and therefore were not included
in the current model. Future research should
consider incorporating Gleason grade
pathologies in the model as a method of
stratifying clinically insignificant prostate
cancers from more aggressive disease.

5. CONCLUSIONS

From a managed care payer
perspective, phi as an aid to distinguish
prostate cancer from benign prostatic
conditions in the PSA range of 2-10 ng/mL
dominated other strategies, and was optimal
in all strategies under the WTP of
$150,000/QALY gained for prostate cancer
detection. This strategy could be an important
method of prostate cancer detection in
improving men’s health outcomes.

Acknowledgements:

Partial contents of this research have been
presented at the 33rd Annual Meeting of the

Copyright 2015 KEI Journals. All Rights Reserved

Vol.2 Issue 12

Cost-Effectiveness of Prostate Health Index from a Managed Care Payer Perspective

Society for Medical Decision Making
(SMDM), Chicago, IL, October, 2011. This
study was supported by Beckman Coulter, Inc.

Source of Funding:

Research funding for this study was
provided by Beckman Coulter, Inc, as a part of
an unrestricted research grant to Kaiser
Permanente. Dr. Nichol has received research
sub-contract from Kaiser Permanente; Ms. Wu
has been paid from the research funding from
Kaiser Permanente in connection with this
manuscript; Mr. Denham and Dr. Reynolds are
the employees of Beckman Coulter, Inc. Dr.
Hsu and Dr. Jacobsen have received a research
grant from Beckman Coulter, Inc.

6. REFERENCES

1. Greene KL, Albertsen PC, Babaian RJ,
Carter HB, Gann PH, Han M, et al.
Prostate specific antigen best practice
statement: 2009 update. J Urol. 2009
Nov;182(5):2232-41. doi: 10.1016/j.juro.
2009.07.093.

2. Wolf AM, Wender RC, Etzioni RB,
Thompson IM, D'Amico AV, Volk RJ, et
al. American Cancer Society guidelines for
the early detection of cancer: update 2010.
Ca Cancer J Clin. 2010 Mar-Apr;60(2):70-
98. doi: 10.3322/caac.20066.

3. Moyer VA; on behalf of the U.S.
Preventive Services Task Force. Screening
for Prostate Cancer: U.S. Preventive
Services Task Force Recommendation
Statement. Ann Intern Med. 2012 Jul
17;157(2):120-134. doi: 10.7326/0003-
4819-157-2-201207170-00459.

4. Basch E, Oliver TK, Vickers A,
Thompson I, Kantoff P, Parnes H.
Screening for prostate cancer with

prostate-specific antigen testing: american
society of clinical oncology provisional
clinical opinion. J Clin Oncol. 2012 Aug
20;30(24):3020-5.d0i:10.1200/JC0O.2012.
43.3441.

11|Page


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carter%20HB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carter%20HB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gann%20PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Han%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wolf%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wender%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Etzioni%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Moyer%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=22801674
http://www.ncbi.nlm.nih.gov/pubmed?term=on%20behalf%20of%20the%20U.S.%20Preventive%20Services%20Task%20Force%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=on%20behalf%20of%20the%20U.S.%20Preventive%20Services%20Task%20Force%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/22801674
http://www.ncbi.nlm.nih.gov/pubmed/22801674
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliver%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=22802323
http://www.ncbi.nlm.nih.gov/pubmed?term=Vickers%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22802323
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22802323
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22802323
http://www.ncbi.nlm.nih.gov/pubmed?term=Kantoff%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22802323
http://www.ncbi.nlm.nih.gov/pubmed?term=Parnes%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22802323
http://www.ncbi.nlm.nih.gov/pubmed/22802323

Medical Research Archives

10.

Carlsson S, Vickers AJ, Roobol M,
Eastham J, Scardino P, Lilja H, et al.
Prostate  Cancer  Screening:  Facts,
Statistics, and Interpretation in Response to
the US Preventive Services Task Force
Review. J Clin Oncol. 2012 Jul 20;30 (21)
:2581-4. doi:10.1200/JC0.2011.40.4327.
Catalona WJ. The United States
Preventive Services Task Force
Recommendation against Prostate-Specific
Antigen Screening-Counterpoint. Cancer
Epidemiol Biomarkers Prev. 2012 Mar;
21(3):395-7. doi: 10.1158/1055-9965. EPI-
12-0059.

Catalona WJ, D'Amico AV, Fitzgibbons
WEF, Kosoko-Lasaki O, Leslie SW, Lynch
HT, et al. What the U.S. Preventive
services task force missed in its prostate
cancer screening recommendation. Ann
Intern Med. 2012 Jul 17;157(2):137-8. doi:
10.7326/0003-4819-157-2-201207170-
00463.

Catalona WJ, Partin AW, Sanda MG, Wei
JT, Klee GG, Bangma CH, et al. A
multicenter study of [2] Pro-prostate
specific antigen combined with prostate
specific antigen and free prostate specific
antigen for prostate cancer detection in the
2.0 to 10.0 ng/ml prostate specific antigen
range. J Urol. 2011 May; 185 (5): 1650-5.
doi: 10.1016/j.juro.2010.12.032.

Jansen FH, van Schaik RH, Kurstjens J,
Horninger W, Klocker H, Bektic J, et al.
Prostate- specific antigen (PSA) isoform
p2PSA in combination with total PSA and
free PSA improves diagnostic accuracy in
prostate cancer detection. Eur Urol. 2010
Jun;57(6):921-7. doi: 10.1016/j.eururo.2010.
02.003.

Le BV, Griffin CR, Loeb S, Carvalhal
GF, Kan D, Baumann NA, et al. [-
2]Proenzyme prostate specific antigen is
more accurate than total and free prostate
specific antigen in differentiating prostate
cancer from benign disease in a
prospective prostate cancer screening

11.

12.

13.

14.

15.

16.

17.

Copyright 2015 KEI Journals. All Rights Reserved
Vol.2 Issue 12

Cost-Effectiveness of Prostate Health Index from a Managed Care Payer Perspective

study. J Urol. 2010 Apr;183(4):1355-9.
doi: 10.1016/j.juro.2009.12.056

Lazzeri M, Haese A, de la Taille A,

Palou Redorta J, McNicholas T,

Lughezzani G, et al. Serum isoform [-

2]proPSA  derivatives  significantly

improve prediction of prostate cancer at

initial biopsy in a total PSA range of 2-10

ng/ml: a multicentric European study.

Eur Urol. 2013 Jun;63(6):986-94. doi:

10.1016/j.eururo.2013.01.011.

Hugosson J, Aus G, Lilja H, Lodding P,
Pihl CG, Pileblad E, et al. Prostate
specific antigen based biennial screening is
sufficient to detect almost all prostate
cancers while still curable. J Urol. 2003
May; 169(5):1720-3.

Van der Cruijsen-Koeter IW, van der
Kwast TH, Schréder FH. Interval
carcinomas in the European Randomized
Study of Screening for Prostate Cancer
(ERSPC)-Rotterdam. J Natl Cancer Inst.
2003 Oct 1;95(19):1462-6.

Hoedemaeker RF, van der Kwast TH, Boer
R, de Koning HJ, Roobol M, Vis AN, et al.
Pathologic features of prostate cancer
found at population-based screening with a
four-year interval. J Natl Cancer Inst. 2001
Aug 1;93(15):1153-8

Postma R, Roobol M., Schréder FH, van
der Kwast TH. Potentially advanced
malignancies detected by screening for
prostate carcinoma after an interval of 4
years. Cancer. 2004 Mar 1;100(5):968-75

Hugosson J, Aus G, Lilja H, Lodding P,
Pihl CG. Results of a randomized,
population-based study of biennial
screening using serum prostate-specific
antigen measurement to detect prostate
carcinoma. Cancer. 2004 Apr 1; 100 (7):
1397-1405

Schréder FH, Bangma CH, Roobol MJ. Is
it necessary to detect all prostate cancers in
men with serum PSA levels <3.0 ng/ml? A
comparison of biopsy results of PCPT and
outcome-related information from ERSPC.

12|Page


http://www.ncbi.nlm.nih.gov/pubmed?term=Carlsson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22711853
http://www.ncbi.nlm.nih.gov/pubmed?term=Vickers%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=22711853
http://www.ncbi.nlm.nih.gov/pubmed?term=Roobol%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22711853
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=historysearch&querykey=11
http://www.ncbi.nlm.nih.gov/pubmed/22315363
http://www.ncbi.nlm.nih.gov/pubmed/22315363
http://www.ncbi.nlm.nih.gov/pubmed/22315363
http://www.ncbi.nlm.nih.gov/pubmed/22315363
http://www.ncbi.nlm.nih.gov/pubmed/22315363
http://www.ncbi.nlm.nih.gov/pubmed?term=Catalona%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=22801676
http://www.ncbi.nlm.nih.gov/pubmed?term=D'Amico%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=22801676
http://www.ncbi.nlm.nih.gov/pubmed?term=Fitzgibbons%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=22801676
http://www.ncbi.nlm.nih.gov/pubmed?term=Fitzgibbons%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=22801676
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=historysearch&querykey=8
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=historysearch&querykey=8
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horninger%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horninger%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klocker%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bektic%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed/20189711
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carvalhal%20GF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carvalhal%20GF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kan%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baumann%20NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed/20171670
http://www.ncbi.nlm.nih.gov/pubmed?term=Haese%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20la%20Taille%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=Palou%20Redorta%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=Palou%20Redorta%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=McNicholas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=Lughezzani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=Lughezzani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23375961
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lodding%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pihl%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pihl%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pileblad%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schr%C3%B6der%20FH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schr%C3%B6der%20FH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20der%20Kwast%20TH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20der%20Kwast%20TH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lodding%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pihl%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pihl%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bangma%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roobol%20MJ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Eur%20Urol.');

Medical Research Archives

Eur Urol. 2008 May;53(5):901-8. doi:
10.1016/j.eururo.2008.01.048.

18. Gold MR, Sigel JE, Russell LB, Weinstein
MC, eds. Cost-effectiveness in Health and
Medicine. New York, NY: Oxford
University Press , 1996

19. Arias E. United States life tables, 2006.
Natl Vital Stat Rep. 2010;58(21):1-40.

20.Hayes JH, Ollendorf DA, Pearson SD,
Barry MJ, Kantoff PW, Stewart ST, et al.
Active surveillance compared with initial
treatment for men with low-risk prostate
cancer: a decision analysis. JAMA. 2010
Dec 1;304(21):2373-80. doi: 10.1001/jama
.2010.1720.

21. Beck JR, Pauker SG, Gottlieb JE, Klein K,
Kassirer JP. A convenient approximation
of life expectancy (the “DEALE”): II. Use
in medical decision-making. Am J Med.
1982;73:889-997.

22.Stokes ME, Black L, Benedict A,
Roehrborn CG, Albertsen P. Long-term
medical-care costs related to prostate
cancer: estimates from linked SEER-
Medicare data. Prostate Cancer Prostatic
Dis. 2010 Sep;13(3):278-84. doi:10.1038/
pcan.2010.5.

23. Andriole GL, Crawford ED, Grubb RL 3rd,
Buys SS, Chia D, Church RT, et al
Mortality results from a randomized
prostate-cancer screening trial. N Engl J
Med. 2009 Mar 26;360(13):1310-9. doi:
10.1056/NEJM0a0810696.

24.Basu A, Dale W, Elstein A, Meltzer D. A
linear index for predicting joint health
states utilities from single health-states
utilities. Health Econ.2009 Apr;18(4): 403-
19. doi: 10.1002/hec.1373.

25. Krahn MD, Bremner KE, Tomlinson G,
Naglie G. Utility and health-related
quality of life in prostate cancer patients
12 months after radical prostatectomy or
radiation therapy.  Prostate  Cancer
Prostatic Dis. 2009;12(4):361-8. doi:
10.1038/pcan.2009.32.

26. Krahn MD, Mahoney JE, Eckman MH,

Copyright 2015 KEI Journals. All Rights Reserved

Vol.2 Issue 12

Cost-Effectiveness of Prostate Health Index from a Managed Care Payer Perspective

Trachtenberg J, Pauker SG, Detsky AS.
Screening for prostate cancer. A decision
analytic view. JAMA. 1994 Sep 14; 272
(10):773-80.

27.Stinnett  AA, Mullahy J. Net health
benefits: a new framework for the analysis
of uncertainty in cost-effectiveness
analysis. Med Decis Making. 1998 Apr-
Jun;18(2 Suppl):S68-80.

28.Groot Koerkamp B,  Weinstein MC,
Stijnen T, Heijenbrok-Kal MH, Hunink
MG. Uncertainty and patient heterogeneity
in medical decision models. Med Decis
Making. 2010 Mar-Apr;30(2):194-205. doi:
10.1177/0272989X09342277.

29.Briggs AH, Goeree R, Blackhouse G,
O'Brien BJ. Probabilistic analysis of cost-
effectiveness models: choosing between
treatment strategies for gastroesophageal
reflux disease. Med Decis Making. 2002
Jul-Aug;22(4):290-308.

30.Barton GR, Briggs AH, Fenwick EA.
Optimal cost-effectiveness decisions: the
role of the cost-effectiveness acceptability
curve (CEAC), the cost-effectiveness
acceptability frontier (CEAF), and the
expected value of perfection information
(EVPI). Value Health. 2008 Sep-
Oct;11(5):886-97. doi: 10.1111/j.1524-
4733.2008.00358.x.

31. Nichol MB Wu J, An JJ, Huang J, Denham
D, Frencher S, Jacobsen SJ. Budget impact
analysis of a new prostate cancer risk index
for prostate cancer detection. Prostate
Cancer Prostatic Dis. 2011 Sep;14(3):253-
61. doi: 10.1038/pcan.2011.16.

32.Nichol MB1, Wu J, Huang J, Denham
D, Frencher SK, Jacobsen SJ.Cost-
effectiveness of prostate health index for
prostate cancer detection. BJU Int. 2012
Aug;110(3):353-62. doi: 10.1111/j.1464-
410X.2011.10751.x.

33. Thompson IM, Ankerst DP, Chi C,
Goodman PJ, Tangen CM, Lucia MS, et
al. Assessing prostate cancer risk: results
from the Prostate Cancer Prevention Trial.

13|Page


javascript:AL_get(this,%20'jour',%20'Eur%20Urol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ollendorf%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pearson%20SD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barry%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barry%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kantoff%20PW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stewart%20ST%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'JAMA.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Black%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Benedict%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roehrborn%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roehrborn%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Albertsen%20P%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dale%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elstein%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Health%20Econ.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bremner%20KE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tomlinson%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naglie%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naglie%20G%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trachtenberg%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trachtenberg%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pauker%20SG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Detsky%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weinstein%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stijnen%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stijnen%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heijenbrok-Kal%20MH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hunink%20MG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hunink%20MG%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Med%20Decis%20Making.');
javascript:AL_get(this,%20'jour',%20'Med%20Decis%20Making.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goeree%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blackhouse%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Brien%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Brien%20BJ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Med%20Decis%20Making.');
javascript:AL_get(this,%20'jour',%20'Med%20Decis%20Making.');
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nichol%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=An%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denham%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denham%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frencher%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobsen%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=21537346
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
javascript:AL_get(this,%20'jour',%20'Prostate%20Cancer%20Prostatic%20Dis.');
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nichol%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denham%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denham%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frencher%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobsen%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=22077934
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goodman%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goodman%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tangen%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lucia%20MS%22%5BAuthor%5D

Medical Research Archives Cost-Effectiveness of Prostate Health Index from a Managed Care Payer Perspective

J Natl Cancer Inst. 2006 Apr 19;98(8):529-
34.

34. Thompson IM, Pauler DK, Goodman PJ,
Tangen CM, Lucia MS, Parnes HL, et al.
Prevalence of prostate cancer among men
with a prostate-specific antigen level <=
4.0 ng per milliliter. N Engl J Med. 2004
May 27;350(22):2239-46.

35.Catalona WJ, Loeb S. Prostate cancer
screening and determining the appropriate
prostate-specific antigen cutoff values. J
Natl Compr Canc Netw 2010;8: 265-70.

Copyright 2015 KEI Journals. All Rights Reserved 14|Page
Vol.2 Issue 12


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tangen%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tangen%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lucia%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parnes%20HL%22%5BAuthor%5D

