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Abstract

Background

Currently there is controversy surrounding the optimal way to treat patients with prostate
cancer in the post-prostatectomy setting. Adjuvant therapies carry possible benefits of im-
proved curative results, but there is uncertainty in which patients should receive adjuvant
therapy. There are concerns about giving toxicity to a whole population for the benefit of
only a subset. We hypothesized that making post-prostatectomy treatment decisions using
genomics-based risk prediction estimates would improve cancer and quality of life
outcomes.

Methods

We developed a state-transition model to simulate outcomes over a 10 year horizon for a
cohort of post-prostatectomy patients. Outcomes included cancer progression rates at 5
and 10 years, overall survival, and quality-adjusted survival with reductions for treatment,
side effects, and cancer stage. We compared outcomes using population-level versus indi-
vidual-level risk of cancer progression, and for genomics-based care versus usual care
treatment recommendations.

Results

Cancer progression outcomes, expected life-years (LYs), and expected quality-adjusted
life-years (QALYs) were significantly different when individual genomics-based cancer pro-
gression risk estimates were used in place of population-level risk estimates. Use of the ge-
nomic classifier to guide treatment decisions provided small, but statistically significant,
improvements in model outcomes. We observed an additional 0.03 LYs and 0.07 QALYs, a
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12% relative increase in the 5-year recurrence-free survival probability, and a 4% relative
reduction in the 5-year probability of metastatic disease or death.

Conclusions

The use of genomics-based risk prediction to guide treatment decisions may improve out-
comes for prostate cancer patients. This study offers a framework for individualized decision
analysis, and can be extended to incorporate a wide range of personal attributes to enable
delivery of patient-centered tools for informed decision-making.

INTRODUCTION

Genomics-driven cancer medicine offers the potential for precision cancer treatment by deliv-
ering individualized information that patients and providers can use to make personalized
medical decisions [1,2]. Recent advances in cancer genomics have created a myriad of genomic
tests available for clinical use, but there has been little research done on how these genomic as-
says affect outcomes in cancer patients [3]. The clinical utility of these tests also needs to be
demonstrated [3]. One way that genomic technologies may impact clinical decisions for local-
ized cancer is by providing individual estimates of the risk of cancer progression or recurrence
[4]. These individual estimates can then inform decisions regarding choices for more or less ag-
gressive therapies [4].

Although randomized controlled trials demonstrate that patients with adverse pathological
features post radical prostatectomy (RP) receiving adjuvant radiation therapy (ART) over ob-
servation have improved outcomes [5-9], the rates of ART utilization are low [10,11] and post-
prostatectomy radiation therapy remains controversial [12,13]. Genomics-based risk stratifica-
tion may address the issues of ART use following RP by creating choices of post-RP therapies
that are based upon a patient’s individual predicted risk of metastasis. The ability to risk-strati-
ty allows the clinician and patient to choose a post-RP therapy that is most effective for that in-
dividual. There are now several commercially available genomic assays that may stratify risk of
prostate cancer aggressiveness [14]. A study of clinical decision-making for adjuvant and sal-
vage therapies after RP has found genomic test results led urologists to change their treatment
recommendations in more than 40% of case studies evaluated [15]. Although the impact of
these tests on decision-making is substantial, the downstream long-term effects of genomic
classifier (GC) risk-based precision medicine have not yet been evaluated. The current study
aims to address this gap.

Comparative effectiveness research (CER) offers promise for evaluating new diagnostics
tests for use in genomic and precision medicine [3,4] by generating evidence of the effective-
ness of candidate genomic assays in a rapid and efficient manner. The individualized decision
analysis methodology allows the models to represent the impact of individualized estimates of
cancer progression upon population-level outcomes. This methodology emphasizes the partic-
ular importance of individual attributes on projected outcomes. The framework can be extend-
ed further to include a range of personal characteristics such as comorbid illnesses, tumor
genotype, and individual utility estimates [16].

In this study, we developed a decision analytic approach to compare modeled outcomes—
including expected time and quality-adjusted time over a ten-year horizon, and 5- and 10-year
cancer progression rates—between scenarios with and without genomics-based risk. The goal
of this approach was to estimate the potential clinical utility of a genomic test for informing

PLOS ONE | DOI:10.1371/journal.pone.0116866 April 2, 2015

2/13



@’PLOS | ONE

Evaluating the Impact of a GC in Prostate Cancer

clinical decisions. We use the Decipher GC test (GenomeDx Biosciences, San Diego, CA), a val-
idated genomic assay that provides individual estimates of risk of metastasis (MET) after RP
for high risk patients [17,18]. Our hypotheses are that: (1) individualized MET probabilities
alter predicted outcomes, compared to average, population-level MET probabilities, for a sub-
stantial proportion of prostate cancer patients eligible for ART, and (2) the paradigm of geno-
mics-driven cancer medicine improves predicted outcomes after RP when compared to
decisions made in the absence of GC-based risk assessment.

MATERIALS AND METHODS

We designed a state transition model [19] to estimate quality-adjusted life-expectancy for a co-
hort of men with prostate cancer who have received RP (Fig. 1). In the model, men are assigned
to treatment with either early adjuvant therapy or close observation with salvage therapy for se-
lected patients after biochemical recurrence (BCR). Treatment options used in the model are
radiation therapy, hormone therapy, or both. Upon transitioning to the BCR or MET states,
patients who have previously received treatment receive two years of hormone therapy. Indi-
vidual subjects enter the model at the time of prostatectomy, and exit at death or the end of a
10-year horizon. The decision tree structure is depicted in S1 Fig. One-month cycle lengths
were used. The Markov model state transitions are represented in Fig. 1. The model was coded
in C/C++. The model validation is described in the Online Supporting Information files (see

S1 Text).

. . . . Death from
Observation, .| Biochemical Metastatic
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Recurrence Disease
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i other causes
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NED: No evidence of disease

Fig 1. Simplified state transition diagram representing the treatment decisions and health state transitions post radical prostatectomy. NED
represents patients with no evidence of disease.

doi:10.1371/journal.pone.0116866.9001
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A cohort simulation approach was applied, with two cohorts of RP patients used as the sam-
pling populations. For each comparison in the experiments, we used the bootstrap method of
sampling with replacement to choose each patient to pass through the model. We implemented
paired sample runs to estimate the average difference in quality-adjusted life-years (QALYs)
for each comparison. We chose a sample size of 10,000 to ensure estimation of expected
QALYs to within 0.1 QALYs.

Cohorts

Table 1 presents the two separate cohorts that were used for the experiments. The Mayo Clinic
Cohort, originally reported for GC validation, consists of patients treated with RP between
2000 and 2006 at the Mayo Clinic that had one or more adverse pathology features [17]. The
controls from the case-cohort study were reweighted [20] (with a weight of 5) to more accu-
rately represent the severity mix of the US population of post-RP patients, yielding a simulation
cohort of 808 patients with GC risk probabilities representing the risk of MET at five years.
This reweighted cohort mirrors the Mayo Clinic Cohort validation study [17] performed for
the GC and more accurately represents proportions of cases seen in the general population.
The Thomas Jefferson University (TJU) Cohort consists of 139 patients with GC risk probabili-
ties treated with RP and postoperative radiation between 1990 and 2009 at TJU Hospital [21].

Table 1. Descriptions of patient characteristics for each cohort.

Mayo Clinic Cohort Ref. [17]*  TJU Cohort Ref. [21]

(n=219) (n=139)
Age [Mean (SD)] 63.28 (7.26) 60.71 (7.24)
Gleason Score (%)
6 7 16
7 51 57
8-10 42 27
Pathological Features (%)
ECE 43 82
SVI 37 38
PSM 56 75
LNI 13 0
Adjuvant Therapies (%)
Hormone Therapy 34 9
Radiation Therapy 39 36
Salvage Therapies (%)
Hormone Therapy 39 29
Radiation Therapy 31 64
5 year Overall Cohort Metastatic Risk 0.076 0.071
Range of Risks for Cohort (0.0095, 0.48) (0.0097, 0.32)
Proportion Classified as High Risk 41.46% 45.32%

According to GC

SD = standard deviation; ECE = extracapsular extension; SVI = seminal vesicle invasion; PSM = positive
surgical margin; LNI = lymph node involvement; GC = genomic classifier; TJU = Thomas Jefferson
University; Ref. = reference

*Note, three patients were excluded from this original cohort due to unknown ECE status; Overall cohort
metastatic risk, range of risks for cohort, and proportion classified as high risk according to GC was based
on the reweighted cohort of 808 patients from the original cohort of 216 patients.

doi:10.1371/journal.pone.0116866.t001
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For each patient in each cohort, the model uses: age at time of RP to define age-specific proba-
bility of non-cancer mortality, a 95% confidence interval for 5-year risk of metastasis, and risk
status defined by GC as either lower or greater than six-percent average risk of metastasis, the
threshold for differing treatment decisions based on the DECIDE study [15]. These individual-
level data are available (S1 Data).

Model Inputs

Sources for inputs were identified based upon a detailed review of a recently published decision
analysis of ART versus salvage radiation therapy (SRT) [22] and a PubMed search using the
terms “prostate cancer”, “radiation therapy”,”hormone therapy”, and “salvage” or “adjuvant”;
and inclusion of published results from three randomized controlled trials of ART versus ob-
servation [5-8]. Probabilities of BCR and MET were extracted from the literature. Data regard-
ing GC test performance characteristics was obtained from the published literature [15,17,18]
(S1 Table). The model was designed with an assumption that the GC risk prediction was per-
fectly accurate for the sake of simplicity. However, it should be noted that the area under the re-
ceiver operating characteristic curve (AUC) for the GC test is 0.79 [17], suggesting some
inherent uncertainty. It was also assumed that the therapeutic interventions had the same pro-
portional effect on outcomes regardless of the magnitude of risk, given the lack of post-treat-
ment clinical outcomes evidence stratified by GC-defined risk of metastasis. Probabilities for
annual risk of death due to causes other than prostate cancer were based upon the most recent
Centers for Disease Control and Prevention life tables [23], with adjustment for individual sub-
jects based upon age at time of prostatectomy and time during the 10-year time horizon (S1
Table). Since the GC assay is new and data regarding how GC results influence real-world clini-
cal practice are not yet available, the GC risk-dependent treatment decision probabilities were
based upon the DECIDE study [15] (S2 Table). In the DECIDE study, GC-defined risk of me-
tastasis higher than 6% was associated with higher rates of urologists recommending ART or
SRT [15], so 6% was use as a threshold value for GC-based treatment decisions in the

current model.

Complications and Adverse Events

Treatment-dependent probabilities of BCR, MET, and death from prostate cancer as well as
the probabilities of complications due to hormone therapy and radiation therapy are presented
in S1 Table. These probabilities represent the probabilities of these events only due to these
therapies and not to other treatments the patient may have received, including RP.

Utilities

A utility is a value that is assigned based upon an individual patient’s preference for a particular
health state, and potential values range from zero (death) to one (perfect health). Utility values
obtained from the published literature represent the average preferences of healthy male pa-
tients who completed time trade-off experiments to determine how much time they would sac-
rifice to avoid a given health state [24]. The utilities associated with each complication and the
health and treatment state utilities are presented in S1 Table. For patients in a particular health
state that are also undergoing treatment and/or have incurred a complication, the patient’s util-
ity is calculated by multiplying the utilities. QALY are calculated by multiplying time (in
years) by the utility; one QALY is equivalent to one year in perfect health or two years lived
with a utility value of 0.5. We chose to use undiscounted QALY since our analysis did not in-
clude costs [25].
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Sensitivity Analyses

One-way sensitivity analysis was performed to determine how sensitive results were to changes
in key parameters. We individually varied transition probabilities, event probabilities, and utili-
ty estimates by +10% to determine the impact on expected QALYs. Probabilistic sensitivity
analysis was also performed on these parameters. Treatment decision probabilities, under
usual care and those based on GC risk probabilities were varied to determine the effect on ex-
pected life-years (LYs), QALYs, and clinical outcomes. When varying the treatment probabili-
ties, the relative probabilities of each type of treatment remained the same, but the percentage
of patients on observation was changed to be 20% more or less than the base values in absolute
terms with the maximum percentage on observation being 100% and the minimum being 0%.

Statistical Comparisons

Paired sample simulations were generated for each comparison to minimize variation. Paired
t-tests were used to determine if differences in expected LYs and QALY's were significant. We
generated binomial proportion confidence intervals to compare clinical outcomes for each
comparison. McNemar’s test was used to determine if differences in these outcomes were sig-
nificant. Kaplan-Meier estimates for the overall probabilities of BCR and MET at 5 years were
used for validation purposes.

RESULTS

We developed a model with both population-level probabilities from the literature and individ-
ual-level probabilities based on the GC risk probability—the patient’s 5-year risk of metastasis.
For the individual-level probabilities, monthly probabilities of BCR and MET were changed
from the monthly population-level probabilities to reflect the patient’s individualized 5-year
risk of metastasis. Changes were made based on the assumption that the individual’s monthly
probabilities and the 5-year risk of metastasis are proportional to the population-level monthly
probabilities and model-predicted 5-year risk of metastasis.

Value of Incorporating Heterogeneity

We found that results differ for patient outcomes when individualized probabilities are used in
place of population-level probabilities. For the Mayo Clinic Cohort, the population-level LYs
were estimated to be 8.88 (95% CI: (8.84, 8.93)) and QALY were estimated as 8.00 (95% CI:
(7.95, 8.05)) compared to 8.82 LYs (95% CI: (8.77, 8.87)) and 8.03 QALYs (95% CI: (7.98,
8.08)) for the individualized model. Table 2 shows significant differences were observed for all
of the 5- and 10-year BCR-free probabilities and the MET or death probabilities.

For the TJU Cohort, the population-level LYs were estimated to be 9.10 (95% CI: (9.05,
9.14)) and QALYs were estimated as 8.18 (95% CI: (8.13, 8.22)) compared to 9.04 LYs (95% CI:
(8.99,9.08)) and 8.19 QALYs (95% CI: (8.15, 8.24)) for the individualized model. As seen in
Table 2, significant differences were found for the 5- and 10-year BCR-free probabilities and
the MET or death probabilities.

The population-level version of the model estimates greater expected LYs and slightly lower
QALYs compared to when individualized probabilities are used. These differences and the dif-
ferences in BCR and MET outcomes occur despite the fact that both versions of the model in-
corporate age-specific estimates of probability of death from other causes.
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Table 2. Comparison of 5 and 10 year outcomes for population level probabilities vs. individual level probabilities using usual care treatment.

Population Level Probabilities Individual Level Probabilities P values

Mayo Clinic Cohort

5 year BCR free survival probability 0.572 (0.562, 0.581) 0.632 (0.623, 0.642) < 0.001
10 year BCR free survival probability 0.321 (0.312, 0.330) 0.425 (0.416, 0.435) < 0.001
5 year MET or Death probability 0.118 (0.111, 0.124) 0.135 (0.128, 0.142) < 0.001
10 year MET or Death probability 0.302 (0.293, 0.311) 0.324 (0.315, 0.333) < 0.001
TJU Cohort

5 year BCR free survival probability 0.584 (0.574, 0.593) 0.624 (0.615, 0.633) < 0.001
10 year BCR free survival probability 0.338 (0.329, 0.348) 0.415 (0.406, 0.425) < 0.001
5 year MET or Death probability 0.098 (0.092, 0.103) 0.110 (0.104, 0.117) < 0.001
10 year MET or Death probability 0.259 (0.250, 0.267) 0.276 (0.267, 0.285) < 0.001

Results are presented for the Mayo Clinic and TJU cohorts.

doi:10.1371/journal.pone.0116866.t002

Influence of Genomics-Based Decisions

We used the heterogeneous version of the model to compare the use of genomics-based treat-
ment decisions to usual care treatment decisions. For the Mayo Clinic Cohort, GC-based treat-
ment resulted in greater expected LYs—8.85 vs. 8.82 (p<0.001)—and greater expected QALYs—
8.10 vs. 8.03 (p<0.001). For the TJU Cohort, GC-based treatment resulted in greater expected
LYs—9.07 vs. 9.04 (p<0.001)—and greater expected QALYs—8.25 vs. 8.19 (p < 0.001). In addi-
tion, from Table 3 we see that the 5- and 10-year outcomes for BCR and MET are significantly
better under GC-based treatment with the exception of the 5-year probability of MET or death
for the Mayo Clinic Cohort.

We also observe from Fig. 2 that while treatment occurs earlier on average (due to a larger
percentage of patients receiving adjuvant therapy) BCR occurs later under GC-based treatment
than usual care treatment when considering LYs and QALYs. The same is true for the TJU Co-
hort results shown in S2 Fig. As a result, patients under GC-based treatment spent more time
in the no evidence of disease (NED) clinical state. For the Mayo Clinic Cohort, the average
time spent in NED under genomics-based care is 7.74 LYs compared to 7.59 LYs under usual

Table 3. Comparison of 5 and 10 year outcomes for usual care vs. genomics-based care decisions using individual level probabilities.

Usual Care Treatment GC-Based Treatment P values

Mayo Clinic Cohort

5 year BCR free survival probability
10 year BCR free survival probability
5 year MET or Death probability

10 year MET or Death probability

TJU Cohort

5 year BCR free survival probability
10 year BCR free survival probability
5 year MET or Death probability

10 year MET or Death probability

0.632 (0.623, 0.642) 0.707 (0.698, 0.716) < 0.001
0.425 (0.416, 0.435) 0.496 (0.486, 0.505) < 0.001
0.135 (0.128, 0.142) 0.129 (0.122, 0.135) 0.115
0.324 (0.315, 0.333) 0.307 (0.298, 0.316) < 0.001
0.624 (0.615, 0.633) 0.705 (0.696, 0.714) < 0.001
0.415 (0.406, 0.425) 0.495 (0.485, 0.505) < 0.001
0.110 (0.104, 0.117) 0.106 (0.100, 0.112) 0.007
0.276 (0.267, 0.285) 0.261 (0.252, 0.269) < 0.001

Results are presented for the Mayo Clinic and TJU cohorts. McNemar’s test was used to test for significant differences between usual care and GC-based

treatment outcomes for each cohort.

BCR = biochemical recurrence; MET = metastasis; GC = genomic classifier.

doi:10.1371/journal.pone.0116866.t003
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Expected LYs
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Fig 2. Time in life years (LYs) in states (Subfigure A), and quality-adjusted life years (QALYs) in states (Subfigure B) for the Mayo Clinic Cohort.
GC-based treatment refers to treatment decisions made based upon the genomic risk classifier assay. BCR = biochemical recurrence; NED = no
evidence of disease; GC = genomic classifier.

doi:10.1371/journal.pone.0116866.9002
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care (p<0.001); for the TJU Cohort the average time spent in NED under genomics-based care
is 7.84 LYs compared to 7.70 LYs under usual care (p<0.001). Sensitivity analysis results are
presented in S3 Fig. and S3 Table.

DISCUSSION

We developed a decision analytic model designed to evaluate the influence of individualized
probabilities of metastasis after RP on outcomes. We observed that incorporating individual
GCrisk as inputs for risk of developing MET, compared to population-level values, resulted in
different outcomes. This suggests that consideration of individualized inputs for disease pro-
gression may refine estimates developed using decision analytic methodologies. The use of GC
risk to guide treatment decisions was associated with small, but significant, increases in LYs,
QALYs, and time spent in the NED pre- and post-treatment states, as well as improved 5- and
10-year outcomes. To our knowledge, this is the first published report to use individualized de-
cision analysis methodology to evaluate the clinical utility of a genomics-based risk stratifica-
tion assay in prostate cancer. This CER approach provides a potential model for estimating the
clinical utility of any genomic assay when prospective clinical outcomes data are not

yet available.

These findings suggest that considering individual GC risk probabilities after prostatectomy
may improve clinical outcomes for prostate cancer patients. Clinical significance is primarily
seen from the statistically significant improvements in 5- and 10-year probabilities of BCR,
MET, and death. In addition, the magnitude of benefit in QALY's observed in the current study
is similar to those reported for genomic prognostic assays designed to inform adjuvant chemo-
therapy decisions for breast and colon cancer, including the OncotypeDX Breast Cancer Test
(Genomic Health Inc., Redwood City, CA) that is currently in clinical use [26-28]. Sensitivity
analysis suggests that more aggressive use of salvage and adjuvant therapies for high GC scores
could expand the observed increases in QALY's by up to 0.08 QALYs. This provides further evi-
dence that the use of genomic risk stratification assays to guide treatment decisions can
improve outcomes.

This study contributes to the evidence base for genomics-driven prostate cancer care by esti-
mating the potential downstream clinical utility of a genomic assay designed to provide indi-
vidualized predictions of the risk of metastasis. Prior reports demonstrated the importance of
considering individual patient preferences for treatment outcomes when comparing prostate
cancer treatments using decision analytic methodology [16,29,30]. In the current study, we ex-
tended the individualized decision analysis framework to include personalized GC risk results
as personalized inputs in a decision analysis of adjuvant and salvage therapies for prostate can-
cer. This methodology can be a useful approach for representing heterogeneity among patients
in the form of genomics-defined probabilities of treatment outcomes, and the heuristic model
can be extended to include a broad range of personal attributes in addition to tumor genomics.

Decision analysis models are limited by the quality and accuracy of model inputs. The utility
inputs used in the current model were obtained from the published literature and were incor-
porated in the model as population-level averages. Previously it has been shown in prostate
cancer that population-level utility estimates result in decision analysis recommendations that
differ from those using individualized utility values [16,29,30]. This was beyond the scope of
the current study, and inclusion of personalized utility estimates would have presented a sepa-
rate list of methodological challenges [31]. In addition, the improvements in observed out-
comes in the current study must be weighed against the additional costs of providing
genomics-driven cancer care. A detailed cost-effectiveness analysis of the GC assay is beyond
the scope of this report, but is the subject of ongoing research by our group.

PLOS ONE | DOI:10.1371/journal.pone.0116866 April 2, 2015 9/183
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Currently, level I evidence is not available regarding the relative effectiveness of adjuvant
and salvage prostate cancer treatment among patients with high versus low GC risk probabili-
ties but this data could refine estimates of treatment success and further influence predicted
outcomes. In essence, the GC assay reclassifies individual patients based upon risk of metastatic
disease, providing individualized information that can guide therapeutic decisions. In doing so,
the GC assay may provide a basis to streamline and refine decision-making for ART and SRT
for prostate cancer patients, an area of considerable controversy and uncertainty in contempo-
rary clinical practice [32-34]. Whether this will lead to downstream improvement in prostate
cancer death rates will relate in part to the availability of effective therapies to prevent metasta-
sis. However, the GC assay may at the very least provide a quantitative tool for identifying
those patients with low risk of metastasis who may be spared the toxicity of ART. One limita-
tion of the current model is the assumption that adjuvant and salvage therapies have similar
proportional effectiveness regardless of GC risk. The relative effectiveness of adjuvant and sal-
vage treatments for higher and lower risk patients would be expected to also influence the
model outcomes. We addressed this limitation by subjecting the effectiveness of adjuvant and
salvage therapy (i.e., probability of redistribution to the NED state) and the likelihood of receiv-
ing treatment based upon GC score to sensitivity analyses. Our model also assumed perfect
performance of the GC test, despite some inherent uncertainty in the assay’s prediction of the
probability of metastasis at 5 years after RP [17]. It is unlikely that this influenced the model re-
sults, which were robust to a range of one-way sensitivity analyses as well as probabilistic
sensitivity analysis.

Our findings suggest that genomic risk probabilities offer statistically significant clinical
benefit for prostate cancer patients faced with decisions for second-line therapy after prostatec-
tomy. This is shown through the improvements observed in LYs, QALYs, and probabilities of
BCR, MET, and death when treatment decisions were made based upon GC risk rather than
usual care. Our application of individualized decision analysis demonstrates the usefulness of
CER for estimating clinical utility of genomics-based risk prediction assays. Future applications
of individualized decision analytic methods for precision medicine diagnostics should include
the following: evaluation of cost-effectiveness; incorporation of additional subject-level attri-
butes including other clinical and pathological factors, medical comorbidities, and genomics-
based predictors of normal tissue injury or treatment response; and patient preferences for
treatment options. These additional considerations can create a decision analysis framework
that represents a comprehensive platform for personalized medicine.

Supporting Information

S1 Text. Validation and Sensitivity Analysis. This section includes full details regarding
sensitivity analysis.
(DOCX)

S1 Data. Individual-level data for patient age and for genomic classifier-predicted 5-year
probability of metastasis for cohorts evaluated in this model. These data comprise the indi-
vidualized inputs for the decision analytic model.

(XLS)

S1 Fig. Decision tree structure for the post radical prosatectomy decision making process.
The salvage and radiation therapy arms (labeled as Salvage Tx and Adjuvant Tx) each represent
the treatments radiation therapy, hormone therapy, and radiation and hormone therapy.
(TIFF)
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S2 Fig. Time in life years (LYs) in states (Subfigure A), and quality-adjusted life years
(QALYs5) in states (Subfigure B) for the TJU Cohort. BCR = biochemical recurrence;

NED = no evidence of disease; TJU = Thomas Jefferson University; GC = genomic classifier.
(TIFF)

S3 Fig. Effects on QALYs from changes in probability values by +/-10% for the Mayo Clinic
Cohort. GC-based treatment refers to treatment decisions made based upon the genomic risk

classifier assay. BCR = biochemical recurrence; GC = genomic classifier.
(TIFF)

S1 Table. Transition probability and utility inputs used as group-level inputs for the
model. When patients are on treatment, the health state utility is multiplied by the treatment
state utility. Citations are included [5, 8, 22-24, 37-42], as well as notes to explain when the
probabilities and utilities are applied within the model. Unless otherwise states, the range used
in the sensitivity analysis was 10% higher and lower than the input value.

(DOCX)

$2 Table. Treatment decision probabilities for adjuvant and salvage treatments. The stan-
dard of care probabilities are derived from the published literature [10,11,35-37], and reflect
likelihood of receiving treatment under usual care settings. The alternative, genomic-classifier
score-based treatment probabilities were derived from a published report to assess physician
recommendations for treatment based upon the genomic classifier test. For treatment deci-
sions, genomic classifier risk scores were considered either low-risk or high-risk based upon a
threshold estimated risk of distant metastasis of 6% at 5 years, consistent with the observed in-
fluence of genomic classifier risk scores on urologists’ recommendations in the DECIDE study
[15]. For sensitivity analyses, a range of +/- 20% was used for standard of care observation deci-
sions to evaluate inaccuracies in baseline estimates; a range of +/- 20% was used for genomic
classifier risk score-based observation treatment probabilities to model the effects of more or
less aggressive incorporation of genomic risk data into clinical practice. *Standard of care ther-
apy utilization rates were selected empirically based upon a combination of expert opinion and
published reports of radiation therapy utilization after radical prostatectomy [10,11, 35-37].
GC = genomic classifier.

(DOCX)

S3 Table. Sensitivity analysis results for the Mayo Clinic Cohort when varying treatment
recommendation aggressiveness. GC = genomic classifier.
(DOCX)

Author Contributions

Conceived and designed the experiments: JML AD TS. Performed the experiments: JML. Ana-
lyzed the data: JML AD NP TS. Contributed reagents/materials/analysis tools: JML AD CB ED
RJK RJ RD. Wrote the paper: JML AD CB ED RJK RJ NP RD TS.

REFERENCES

1. Garraway LA, Verweij J, Ballman KV (2013) Precision oncology: an overview. J Clin Oncol 31: 1803—
1805. doi: 10.1200/JC0O.2013.49.4799 PMID: 23589545

2. Garraway LA (2013) Genomics-driven oncology: framework for an emerging paradigm. J Clin Oncol
31: 1806—-1814. doi: 10.1200/JC0O.2012.46.8934 PMID: 23589557

3. Simonds NI, Khoury MJ, Schully SD, Armstrong K, Cohn WF, et al. (2013) Comparative effectiveness
research in cancer genomics and precision medicine: currents landscape and future prospects J Natl
Cancer Inst 105: 929-936. doi: 10.1093/jnci/djt108 PMID: 23661804

PLOS ONE | DOI:10.1371/journal.pone.0116866 April 2, 2015 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0116866.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0116866.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0116866.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0116866.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0116866.s008
http://dx.doi.org/10.1200/JCO.2013.49.4799
http://www.ncbi.nlm.nih.gov/pubmed/23589545
http://dx.doi.org/10.1200/JCO.2012.46.8934
http://www.ncbi.nlm.nih.gov/pubmed/23589557
http://dx.doi.org/10.1093/jnci/djt108
http://www.ncbi.nlm.nih.gov/pubmed/23661804

@’PLOS | ONE

Evaluating the Impact of a GC in Prostate Cancer

10.

11.

12

13.

14.
15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

Goddard KAB, Knaus WA, Whitlock E, Lyman GH, Feigelson HS, et al. (2012) Building the evidence
base for decision making in cancer genomic medicine using comparative effectiveness research.
Genet Med 14: 633-642. PMID: 22516979

Thompson IM Jr., Tangen CM, Paradelo J, Lucia MS, Miller G, et al. (2006) Adjuvant radiotherapy for
pathologically advanced prostate cancer: a randomized clinical trial. JAMA 296: 2329-2335. PMID:
17105795

Thompson IM, Tangen CM, Paradelo J, Lucia MS, Troyer D, et al. (2009) Adjuvant radiotherapy for
pathological TSNOMO prostate cancer significantly reduces risk of metastases and improves survival:
long-term followup of a randomized clinical trial. J Urol 181: 956-962. doi: 10.1016/j.juro.2008.11.032
PMID: 19167731

Bolla M, van Poppel H, Collette L, van Cangh P, Vekemans K, et al. (2005) Postoperative radiotherapy
after radical prostatectomy: a randomised controlled trial (EORTC trial 22911). Lancet 366: 572-578.
PMID: 16099293

Wiegel T, Bottke D, Steiner U, Siegmann A, Golz R, et al. (2009) Phase Il postoperative adjuvant radio-
therapy after radical prostatectomy compared with radical prostatectomy alone in pT3 prostate cancer
with postoperative undetectable prostate-specific antigen: ARO 96-02/AUO AP 09/95. J Clin Oncol 27:
2924-2930. doi: 10.1200/JC0.2008.18.9563 PMID: 19433689

Bolla M, van Poppel H, Tombal B, Vekemans K, Da Pozzo L, et al. (2012) Postoperative radiotherapy
after radical prostatectomy for high-risk prostate cancer: long-term results of a randomised controlled
trial (EORTC trial 22911). Lancet 380:2018-2027. doi: 10.1016/S0140-6736(12)61253-7 PMID:
23084481

Ghia AJ, Shrieve DC, Tward JD (2010) Adjuvant radiotherapy use and patterns of care analysis for mar-
gin-positive prostate adenocarcinoma with extracapsular extension: Postprostatectomy adjuvant radio-
therapy: A SEER analysis. Urology 76: 1169-1174. doi: 10.1016/j.urology.2010.04.047 PMID:
20709371

Hoffman KE, Nguyen PL, Chen MH, Chen RC, Choueiri TK, et al. (2011) Recommendations for post-
prostatectomy radiation therapy in the United States before and after the presentation of randomized
trial. J Urol 185: 116—120. doi: 10.1016/j.juro.2010.08.086 PMID: 21074194

Nielsen ME, Trock BJ, Walsh PC (2010) Salvage or adjuvant radiation therapy: counseling patients on
the benefits. J Natl Compr Canc Network 8: 228-237. PMID: 20141679

Showalter TN, Ohri N, Teti KG, Foley KA, Keith SW, et al. (2011 May 21) Physician beliefs and prac-
tices for adjuvant and salvage radiation therapy after prostatectomy. Int J Radiat Oncol Biol Phys [Epub
ahead of print].

Crawford ED, Ventii K, Shore ND (2014) New biomarkers in prostate cancer. ONCOLOGY 28: 1-2.

Badani K, Thompson DJS, Buerki C, Davicioni E, Garrison J, et al. (2013) Impact of a genomic classifier
of metastatic risk on postoperative treatment recommendations for prostate cancer patients: a report
from the DECIDE study group. Oncotarget 4: 600—609. PMID: 23592338

Basu A, Meltzer D (2007) Value of information on preference heterogeneity and individualized care.
Med Decis Making 27: 112—127. PMID: 17409362

Karnes RJ, Bergstralh EJ, Davicioni E, Ghadessi M, Buerki C, et al. (2013) Validation of a genomic
classifier that predicts metastasis following radical prostatectomy in an at risk patient population. J Urol
190: 2047-2053. doi: 10.1016/j.juro.2013.06.017 PMID: 23770138

Erho N, Crisan A, Vergara IA, Mitra AP, Ghadessi M, et al. (2013) Discovery and validation of a prostate
cancer genomic classifier that predicts early metastasis following radical prostatectomy. PLoS One 8:
€66855. doi: 10.1371/journal.pone.0066855 PMID: 23826159

Sonnenberg FA, Beck JR (1993) Markov models in medical decision making: a practical guide. Med
Decis Making 13: 322-328. PMID: 8246705

Barlow WE, Ichikawa L, Rosner D, Izumi S (1999) Analysis of case-cohort designs. J Clin Epidemiol
52: 1165-1172. PMID: 10580779

Den RB, Feng FY, Showalter TN, Mishra MV, Trabulsi EJ, et al. (2014) Genomic prostate cancer classi-
fier predicts biochemical failure and metastases in patients after postoperative radiation therapy. Int J
Radiat Oncol Biol Phys 89: 1038—1046. doi: 10.1016/}.ijrobp.2014.04.052 PMID: 25035207

Elliott SP, Wilt TJ, Kuntz KM (2011) Projecting the clinical benefits of adjuvant radiotherapy versus ob-
servation and selective salvage radiotherapy after radical prostatectomy: a decision analysis. Prostate
Cancer Prostatic Dis 14: 270-277. doi: 10.1038/pcan.2011.27 PMID: 21691281

Murphy SL, Xu J, Kochanek KD (2013) Death: Final Data for 2010. National Vital Statistics Reports 61:
1-118. PMID: 24968617

Stewart ST, Lenert L, Bhatnagar V, Kaplan RM (2005) Utilities for prostate cancer health states in men
aged 60 and older. Med Care 43: 347-355. PMID: 15778638

PLOS ONE | DOI:10.1371/journal.pone.0116866 April 2, 2015 12/13


http://www.ncbi.nlm.nih.gov/pubmed/22516979
http://www.ncbi.nlm.nih.gov/pubmed/17105795
http://dx.doi.org/10.1016/j.juro.2008.11.032
http://www.ncbi.nlm.nih.gov/pubmed/19167731
http://www.ncbi.nlm.nih.gov/pubmed/16099293
http://dx.doi.org/10.1200/JCO.2008.18.9563
http://www.ncbi.nlm.nih.gov/pubmed/19433689
http://dx.doi.org/10.1016/S0140-6736(12)61253-7
http://www.ncbi.nlm.nih.gov/pubmed/23084481
http://dx.doi.org/10.1016/j.urology.2010.04.047
http://www.ncbi.nlm.nih.gov/pubmed/20709371
http://dx.doi.org/10.1016/j.juro.2010.08.086
http://www.ncbi.nlm.nih.gov/pubmed/21074194
http://www.ncbi.nlm.nih.gov/pubmed/20141679
http://www.ncbi.nlm.nih.gov/pubmed/23592338
http://www.ncbi.nlm.nih.gov/pubmed/17409362
http://dx.doi.org/10.1016/j.juro.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23770138
http://dx.doi.org/10.1371/journal.pone.0066855
http://www.ncbi.nlm.nih.gov/pubmed/23826159
http://www.ncbi.nlm.nih.gov/pubmed/8246705
http://www.ncbi.nlm.nih.gov/pubmed/10580779
http://dx.doi.org/10.1016/j.ijrobp.2014.04.052
http://www.ncbi.nlm.nih.gov/pubmed/25035207
http://dx.doi.org/10.1038/pcan.2011.27
http://www.ncbi.nlm.nih.gov/pubmed/21691281
http://www.ncbi.nlm.nih.gov/pubmed/24968617
http://www.ncbi.nlm.nih.gov/pubmed/15778638

@’PLOS | ONE

Evaluating the Impact of a GC in Prostate Cancer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

Weinstein MC, Torrance G, McGuire A (2009) QALYs: The Basic. Value Health 12: S5-S9. doi: 10.
1111/j.1524-4733.2009.00515.x PMID: 19250132

Hornberger J, Lyman GH, Chien R, Meropol NJ (2012) A multigene prognostic assay for selection of
adjuvant chemotherapy in patients with T3, stage Il colon cancer: impact on quality-adjusted life expec-
tancy and costs. Value Health 15: 1014—1021. doi: 10.1016/j.jval.2012.07.012 PMID: 23244802

Blohmer JU, Rezai M, Kummel S, Kuhn T, Warm M, et al. (2013) Using the 21-gene assay to guide ad-
juvant chemotherapy decision-making in early-stage breast cancer: a cost-effectiveness evaluation in
the German setting. J Med Econ 16: 30—40. doi: 10.3111/13696998.2012.722572 PMID: 22966753

Hall PS, McCabe C, Stein RC, Cameron D (2012) Economic evaluation of genomic test-directed che-
motherapy for early-stage lymph node-positive breast cancer. J Natl Cancer Inst 104: 56—66. doi: 10.
1098/jnci/djr484 PMID: 22138097

Basu A (2009) Individualization at the heart of comparative effectiveness research: the time for i-CER
has come. Med Decis Making 29: NP9—11. doi: 10.1177/0272989X09351586 PMID: 19959807

Cowen ME, Miles BJ, Cahill DF, Giesler RB, Beck JR, et al. (1998) The danger of applying group-level
utilities in decision analyses of the treatment of localized prostate cancer in individual patients. Med
Decis Making 18: 376-380. PMID: 10372579

Elkin EB, Cowen ME, Cahill D, Steffel M, Kattan MW (2004) Preference assessment method affects de-
cision-analytic recommendations: a prostate cancer treatment example. Med Care 24: 504-510.

Efstathiou JA (2012) Postoperative radiation for prostate cancer. Lancet 380: 1974—1976. doi: 10.
1016/S0140-6736(12)61608-0 PMID: 23084480

Valicenti RK, Thompson IJ, Albertsen PC, Davis BJ, Goldenberg SL, et al. (2013) Adjuvant and salvage
radiation therapy after prostatectomy: American Society for Radiation Oncology/American Urological
Association guidelines. Int J Radiat Oncol Biol Phys 86: 822—828. doi: 10.1016/j.ijrobp.2013.05.029
PMID: 23845839

Mishra MV, Champ CE, Den RB, Scher ED, Shen X, et al. (2011) Postprostatectomy radiation therapy:
an evidence-based review. Future Oncol 7: 1429-1440. doi: 10.2217/fon.11.120 PMID: 22112318

Grossfeld GD, Stier DM, Flanders SC, Henning JM, Schonfeld W, et al. (1998) Use of second treatment
following definitive local therapy for prostate cancer: data from the caPSURE database. J Urol 160:
1398-1404. PMID: 9751363

Konety BR, Cowan JE, Carroll PR (2008) Patterns of primary and secondary therapy for prostate can-
cer in elderly men: analysis of data from CaPSURE. J Urol 179: 1797-1803. doi: 10.1016/j.juro.2008.
01.044 PMID: 18343440

Konski A, Watkins-Bruner D, Feigenberg S, Hanlon AL, Kulkarni S, et al. (2006) Using decision analysis
to determine the cost-effectiveness of intensity-modulated radiation therapy in the treatment of interme-
diate risk porostate cancer. Int J Radiat Oncol Biol Phys 66: 408—415. PMID: 16887291

Stephenson AJ, Shariat SF, Zelefsky MJ, Kattan MW, Butler EB, et al. (2004) Salvage radiotherapy for
recurrent prostate cancer after radical prostatectomy. JAMA 291: 1325-1332. PMID: 15026399

Boorjian SA, Tollefson MK, Thompson RH, Rangel LJ, Bergstralh EJ, et al. (2012) Natural history of bio-
chemical recurrence after radical prostatectomy with adjuvant radiation therapy. J Urol 188:1761—
1766. doi: 10.1016/j.juro.2012.07.037 PMID: 22998913

Krupski TL, Foley KA, Baser O, Long S, Macarios D, et al. (2007) Health care cost associated with pros-
tate cancer, androgen deprivation therapy and bone complications. J Urol 178: 1423-1428. PMID:
17706711

Hayes JH, Ollendorf DA, Pearson SD, Barry MJ, Kantoff PW, et al. (2010) Active surveillance com-
pared with initial treatment for men with low-risk prostate cancer: a decision analysis. JAMA 304:
2373-2380. doi: 10.1001/jama.2010.1720 PMID: 21119084

Schousboe JT, Taylor BC, Fink HA, Kane RL, Cummings SR, et al. (2007) Cost-effectiveness of bone
densitometry followed by treatment of osteoporosis in older men. JAMA 298: 629-637. PMID:
17684185

PLOS ONE | DOI:10.1371/journal.pone.0116866 April 2, 2015 13/13


http://dx.doi.org/10.1111/j.1524-4733.2009.00515.x
http://dx.doi.org/10.1111/j.1524-4733.2009.00515.x
http://www.ncbi.nlm.nih.gov/pubmed/19250132
http://dx.doi.org/10.1016/j.jval.2012.07.012
http://www.ncbi.nlm.nih.gov/pubmed/23244802
http://dx.doi.org/10.3111/13696998.2012.722572
http://www.ncbi.nlm.nih.gov/pubmed/22966753
http://dx.doi.org/10.1093/jnci/djr484
http://dx.doi.org/10.1093/jnci/djr484
http://www.ncbi.nlm.nih.gov/pubmed/22138097
http://dx.doi.org/10.1177/0272989X09351586
http://www.ncbi.nlm.nih.gov/pubmed/19959807
http://www.ncbi.nlm.nih.gov/pubmed/10372579
http://dx.doi.org/10.1016/S0140-6736(12)61608-0
http://dx.doi.org/10.1016/S0140-6736(12)61608-0
http://www.ncbi.nlm.nih.gov/pubmed/23084480
http://dx.doi.org/10.1016/j.ijrobp.2013.05.029
http://www.ncbi.nlm.nih.gov/pubmed/23845839
http://dx.doi.org/10.2217/fon.11.120
http://www.ncbi.nlm.nih.gov/pubmed/22112318
http://www.ncbi.nlm.nih.gov/pubmed/9751363
http://dx.doi.org/10.1016/j.juro.2008.01.044
http://dx.doi.org/10.1016/j.juro.2008.01.044
http://www.ncbi.nlm.nih.gov/pubmed/18343440
http://www.ncbi.nlm.nih.gov/pubmed/16887291
http://www.ncbi.nlm.nih.gov/pubmed/15026399
http://dx.doi.org/10.1016/j.juro.2012.07.037
http://www.ncbi.nlm.nih.gov/pubmed/22998913
http://www.ncbi.nlm.nih.gov/pubmed/17706711
http://dx.doi.org/10.1001/jama.2010.1720
http://www.ncbi.nlm.nih.gov/pubmed/21119084
http://www.ncbi.nlm.nih.gov/pubmed/17684185


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


