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Abstract

Purpose: Oligorecurrent prostate cancer has historically been treated with indefinite androgen 

deprivation therapy (ADT), although many patients and providers opt to defer this treatment 

at the time of recurrence given quality-of-life and/or comorbidity considerations. Recently, 

metastasis-directed therapy (MDT) has emerged as a potential intermediary between surveillance 

and immediate continuous ADT. Simultaneously, advanced systemic therapy in addition to ADT 

has also been shown to improve survival in metastatic hormone-sensitive disease. This study 

aimed to compare the cost-effectiveness of treating oligorecurrent patients with upfront MDT 

before standard-of-care systemic therapy.
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Methods and Materials: A Markov-based cost-effectiveness analysis was constructed 

comparing 3 strategies: (1) upfront MDT → salvage abiraterone acetate plus prednisone (AAP) 

+ ADT → salvage docetaxel + ADT; (2) upfront AAP + ADT → salvage docetaxel + ADT; 

and (3) upfront docetaxel + ADT → salvage AAP + ADT. Transition probabilities and utilities 

were derived from the literature. Using a 10-year time horizon and willingness-to-pay threshold 

of $100,000/quality-adjusted life year (QALY), net monetary benefit values were subsequently 

calculated for each treatment strategy.

Results: At 10 years, the base case revealed a total cost of $141,148, $166,807, and $136,154 

with QALYs of 4.63, 4.89, and 4.00, respectively, reflecting a net monetary benefit of $322,240, 

$322,018, and $263,407 for upfront MDT, upfront AAP + ADT, and upfront docetaxel + 

ADT, respectively. In the probabilistic sensitivity analysis using a Monte Carlo simulation 

(1,000,000 simulations), upfront MDT was the cost-effective strategy in 53.6% of simulations. The 

probabilistic sensitivity analysis revealed 95% confidence intervals for cost ($75,914-$179,862, 

$124,431-$223,892, and $103,298-$180,617) and utility in QALYs (3.85–6.12, 3.91–5.86, and 

3.02–5.22) for upfront MDT, upfront AAP + ADT, and upfront docetaxel + ADT, respectively.

Conclusions: At 10 years, upfront MDT followed by salvage AAP + ADT, is comparably 

cost-effective compared with upfront standard-of-care systemic therapy and may be considered 

a viable treatment strategy, especially in patients wishing to defer systemic therapy for quality-of-

life or comorbidity concerns. Additional studies are needed to determine whether MDT causes a 

sustained meaningful delay in disease natural history and whether any benefit exists in combining 

MDT with upfront advanced systemic therapy.

Introduction

There is been a growing consensus that the oligometastatic disease state, characterized 

by a limited number of clinically detectable metastases, may be an intermediary state 

between patients with curable localized disease and incurable widely metastatic disease.1 

As appreciation of the oligometastatic disease state in general has grown, 2 parallel 

developments have emerged in the treatment of metastatic, hormone-sensitive prostate 

cancer (mHSPC).

First, several randomized trials have established a survival advantage in patients 

with mHSPC with the upfront use of advanced systemic therapy in addition to 

androgen deprivation therapy (ADT) over standard ADT alone. These advanced systemic 

agents include both second-generation antihormonal drugs—abiraterone acetate plus 

prednisone (AAP) (LATITUDE2 and STAMPEDE arm G3), enzalutamide (ENZAMET4), 

and apatalutamide (TITAN5)—as well as docetaxel chemotherapy (CHAARTED6 and 

STAMPEDE arm C7). Recent post hoc analyses of STAMPEDE arms C and G, in which 

patients with M1 disease were dichotomized by metastatic burden per the CHAARTED 

definition,6 confirmed the survival benefit (regardless of volume of disease) of adding AAP 

to ADT or docetaxel to ADT, respectively.8,9 Notably, the vast majority of patients enrolled 

on these studies had a de novo diagnosis of metastatic prostate cancer.

Contemporaneously, 5 small prospective studies have evaluated the use of metastasis-

directed therapy (MDT), primarily using stereotactic body radiation therapy (SBRT) also 
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referred to as stereotactic ablative radiotherapy (SABR), in patients with oligometastatic 

disease that was discovered after prior definitive local therapy (oligorecurrent disease).10–14 

Overall, these studies suggest that up to 45% to 50% of patients may be free from use 

of ADT or other systemic treatment 2 years after MDT and that treatment itself is safe, 

with only 1 patient (0.3%) with grade 3 toxicity reported across all studies. Additionally, 

the randomized phase 2 SABR-COMET trial identified an overall survival benefit to 

metastasis-directed SABR in addition to standard-of-care systemic therapy in patients with 

a variety of primary malignancies, including breast, lung, colorectal, and prostate cancer.15 

A follow-up study examining quality of life (QoL) in SABR-COMET patients showed no 

QoL detriment in patients receiving SABR versus standard of care.16 Thus, there exists 

substantial level I evidence for the intensification of systemic therapy for patients with de 

novo mHSPC, and promising level II evidence suggests that patients with limited-volume, 

oligometastatic prostate cancer that recurs after definitive therapy may derive freedom from 

systemic therapy of any kind(and its accompanying side effects) with the use of MDT.

Given the rapid increase in expected expenditures on prostate cancer care in the United 

States,17 it has become increasingly important to identify opportunities to preserve high-

level care while improving value. Although numerous cost-effectiveness studies have 

been performed comparing treatments in the metastatic castrate-resistant prostate cancer 

(mCRPC) setting, only a handful relate to the mHSPC setting and none to the oligorecurrent 

setting. Considering the synchronous developments described, this study aimed to estimate 

the cost-effectiveness of treating oligorecurrent patients with MDT before standard-of-care 

systemic therapy versus standard-of-care systemic therapy alone. Both upfront AAP + ADT 

and upfront docetaxel + ADT were chosen as standard-of-care comparators. Because AAP 

is now available in generic form and much less expensive than enzalutamide or apalutamide, 

albeit with a grossly similar efficacy profile versus ADT alone as seen in hazard ratios 

of patients with low-volume mHSPC, it was chosen to represent the second-generation 

antihormonal therapeutic option.

Methods and Materials

Model overview and analytical methods

A Markov-based cost-effectiveness analysis was developed to compare treatment strategies 

for men with recurrent, limited-volume oligometastatic prostate cancer, defined as having 

1 to 3 extracranial metastases, no visceral disease, and no local recurrence. As shown in 

Figure 1, 3 treatment strategies were evaluated: (1) upfront MDT → salvage AAP + ADT 

→ salvage docetaxel + ADT; (2) upfront AAP +ADT → salvage docetaxel + ADT; and (3) 

upfront docetaxel + ADT → salvage AAP + ADT.

A Markov model was constructed in TreeAge Pro 2020, version 1.0 (TreeAge Software, 

Inc, Williamstown, MA) to calculate the total costs and effectiveness associated with each 

treatment strategy, ultimately allowing for net monetary benefit (NMB) to be calculated 

for each strategy. The NMB approach was selected over the incremental cost-effectiveness 

ratio approach given the NMB approach’s ease of interpretability and ability to rank 

multiple strategies.18 Given work by Cameron et al correlating purchasing power parity–

adjusted cost-effectiveness thresholds with health-adjusted life expectancy, a willingness-
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to-pay (WTP) threshold of $100,000 per quality-adjusted life year (QALY) was chosen 

for this United States–centric analysis.19 The analysis used a 10-year time horizon to 

simultaneously account for the follow-up intervals in STOMP10 and STAMPEDE arms 

C/G subanalyses (36, 78, and 42 months, respectively) while also accounting for long-term 

differences in effectiveness between the various treatment strategies. The cycle length was 

3 months, with half-cycle correction used for costs and utility estimates. Cost and utility 

were both discounted by 3% annually. In addition to base-case analysis, 1-way sensitivity 

and probabilistic sensitivity analyses were also performed, the latter of which was run with 

1,000,000 simulations.

Methodology of deriving transition probabilities

Transition probabilities between various health states in the aforementioned treatment 

strategies were based on extant prospective data from randomized trials. Kaplan-Meier 

curves from individual studies were digitized with DigitizeIt software (DigitizeIt; 

Braunschweig, Germany), and subsequently fed through an R-based algorithm published 

by Guyot et al to reconstruct interval-specific survival data.20 Beta distributions were 

subsequently constructed from these parameters (Table 1).

Target populations

In strategy 1, MDT consisted of 3-fraction SBRT to each metastatic lesion. The probability 

of failure into high-volume mHSPC was modeled from ADT-free survival in the M1 subset 

of STOMP patients receiving MDT (n = 17). Retreatment with SBRT was allowed if 

patients developed 1 to 3 new lesions not previously treated. Based on data from STOMP 

M1 patients, a 23.5% re-treatment probability was included in SBRT cost assumptions. 

Upon progression to high-volume mHSPC, patients received AAP + ADT with failure-free 

survival (FFS) modeled after high-volume M1 STAMPEDE arm G patients.

In strategy 2, patients received upfront AAP + ADT with FFS modeled after low-volume 

M1 STAMPEDE arm G patients. In strategies 1 and 2, after progression on AAP + ADT, 

patients were modeled to receive treatment with salvage docetaxel for 10 cycles and ADT 

with survival patterns modeled after overall survival from TAX-327.21 In strategy 3, patients 

received upfront docetaxel for 6 cycles and ADT with FFS modeled after low-burden 

M1 STAMPEDE arm C patients.8 Upon progression on docetaxel + ADT, patients were 

modeled to receive treatment with salvage AAP + ADT, with survival patterns modeled after 

COU-AA-301.22

For all treatment arms, the probability of death from other causes was derived from the death 

rates published in the 2016 Social Security actuarial life table,23 with the initial probability 

of death from other causes initially set to that of a 66-year old man (ie, median age of 

low-volume M1 STAMPEDE patients receiving AAP + ADT),9 with adjustments made at 

each subsequent cycle reflecting increasing age. To avoid double-counting, the probability 

of death from other causes was deducted from the probability of death in TAX-327 and 

COU-AA-301, as well as the initiation of ADT in the STOMP study. ADT consisted of 

leuprolide 22.5 mg injections administered every 3 months; abiraterone dosing was 1000 mg 
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daily; docetaxel was dosed 75 mg/m2 intravenously over 60 minutes once on day 1 of each 

cycle.

Cost assumptions

This study was conducted from the perspective of a US payor, with cost estimates taken 

directly from the Medicare physician fee schedule,24 Medicare laboratory fee schedule,25 

Medicare Part B pricing for injectable drugs,26 and Medicare Federal Upper Limits for oral 

drugs (Table 1),27 each updated as of March 2020. A freestanding center was assumed. 

Recurring interval costs included cost of treatment, level 4 follow-up visits, laboratory 

testing, and imaging for each treatment strategy. Patients undergoing MDT were modeled 

to have a follow-up visit with prostate-specific antigen (PSA) testing every 3 months and 

diagnostic choline positron emission tomography (PET)-computed tomography (CT) at PSA 

progression to look for additional lesions.

Patients receiving AAP + ADT were modeled to have follow-up visits every 3 months with 

PSA and comprehensive metabolic panel testing at each visit. Patients receiving docetaxel 

+ ADT were initially followed every 3 weeks with PSA and complete blood count tested at 

each infusion visit, and subsequently every 3 months with PSA and total testosterone levels 

tested at each visit. Surveillance imaging with bone scan was performed every 6 months if 

mHSPC and every 3 months if mCRPC. Additional costs from grade ≥3 toxicity related to 

AAP ($410/month) and docetaxel treatment ($786/month) were derived from adverse event 

rates as published in COU-AA-301 and TAX-327, respectively (Table E1). Patients with 

mCRPC were modeled to receive denosumab. Additional inpatient and hospice costs from 

prostate cancer death of $36,554 were adapted from a prior analysis of end-of-life costs after 

adjustment for inflation.28 All cost estimates were converted into 2020 US dollars by using 

a Consumer Price Index inflation calculator from the US Bureau of Labor Statistics. For 

the probabilistic sensitivity analysis, costs were assumed to be in a gamma distribution with 

standard deviation set as 25% of the mean.

Effectiveness assumptions

The effectiveness of interventions was based on transition probabilities and from utility 

estimates derived from the literature. Baseline utility values for mHSPC and mCRPC were 

respectively set at 0.9029 and 0.830.30 Incremental utility estimates were then set for each 

treatment, specific to baseline health state. Given no grade 2 to 5 adverse events in the MDT 

arm and comparable health-related QoL in the 2 STOMP arms, no disutility was assigned 

to SBRT. Incremental disutility estimates in patients receiving ADT (0.06) was based 

on long-term 5-level 5-dimensions EuroQuol utility scores derived from the LATITUDE 

study.31 Additional disutility associated with abiraterone and docetaxel was derived from 

grade 3+ toxicities from each drug as published in COU-AA-301 and TAX-327, respectively 

(Table E1). For the probabilistic sensitivity analysis, baseline utility values were set to beta 

distributions with a standard deviation of 10% of mean. Incremental disutility values were 

set to normal distributions with a standard deviation of 25% of mean (Table 1).
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Results

Total costs, total effectiveness, corresponding net monetary benefit (base case)

At 10 years, the total cost was $141,148, $166,807, and $136,154, with total QALYs of 

4.63, 4.89, and 4.00, respectively, translating to NMB values of $322,240, $322,018, and 

$263,407 for upfront MDT, upfront AAP + ADT, and upfront docetaxel + ADT, respectively 

(Table 2). Given the markedly superior results of upfront MDT and upfront AAP + ADT 

strategies over upfront docetaxel + ADT at 10 years, subsequent 1-way sensitivity analyses 

directly compared upfront MDT versus upfront AAP + ADT using incremental NMB values 

with a WTP of $100,000 per QALY.

One-way sensitivity analysis—upfront MDT versus upfront AAP D ADT

To determine the influence of model inputs on the cost-effectiveness of upfront MDT versus 

upfront AAP + ADT (baseline comparator), 1-way sensitivity analyses were performed 

on key cost and utility estimate inputs. Baselines estimates were modified by ±50% for 

costs to represent modest variation. Upper/lower bounds for utility estimates were based 

on custom parameters taken from the literature. As seen in Figure 2, given the expected 

incremental NMB value of upfront MDT versus upfront AAP + ADT ($222) just slightly 

above 0, even modest variations in many cost and utility variables were enough to result 

in the NMB of upfront AAP + ADT being higher than the NMB of the upfront MDT 

strategy. Of all model inputs, the 3-month cost of AAP appears to have the greatest 

influence over the resulting incremental NMB value; modifying the base-case model input 

($4047) by ±50% translates into incremental NMB changes of −$16,239 and $16,665, 

respectively. Of note, this base-case assumption price ($4047) represents the 3-month supply 

of generic abiraterone (updated as of March 2020) and already represents a significant 

price reduction compared with branded Zytiga (abiraterone), Xtandi (enzalutamide), and 

Erleada (apalutamide), for which 3-month supply costs are $21,080, $22,210, and $23,789, 

respectively, per the lowest March 2020 Veterans Affairs contracts. If Zytiga, Xtandi, and 

Erleada costs are substituted for generic abiraterone while holding all else constant, the 

incremental NMB value of upfront MDT versus upfront AAP + ADT dramatically increases 

to $138,741, $147,931, and $160,771, respectively.

Instead of the current 10-year time horizon, we studied the impact of shortening to 5 

years or lengthening to 15 years. With a 5-year time horizon, the total costs were $90,800, 

$108,700, and $95,300 with total QALYs of 3.36, 3.26, and 2.93, translating to NMB values 

of $245,500, $216,900, and $197,700 for upfront MDT, upfront AAP + ADT, and upfront 

docetaxel + ADT, respectively. With a 15-year time horizon, total costs were $155,200, 

$192,200, and $148,400 with total QALYs of 4.97, 5.59, and 4.31, translating to NMB 

values of $341,500, $367,300, and $282,200 for upfront MDT, upfront AAP + ADT, and 

upfront docetaxel + ADT, respectively.

Multivariable probabilistic sensitivity analysis

To determine the effect of modifying multiple variables concurrently in cost-effectiveness 

analysis, a Monte Carlo simulation was run with 1,000,000 simulations. Distributions for 

cost, utility, and transition probability inputs were varied as per Table 1. As reflected 
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in Table 3, the simulation results showed a mean cost (95% confidence interval [CI]) 

of $133,873 ($75,914-$179,862), $167,827 ($124,431-$223,892), and $136,880 ($103,298-

$180,617) and mean utility (95% CI) of 4.85 (3.85–6.12), 4.95 (3.91–5.86), and 4.09 (3.02–

5.22) for upfront MDT, upfront AAP + ADT, and upfront docetaxel + ADT, respectively. 

The mean NMB values (95% CI) were $351,476 ($239,652-$531,551), $326,983 ($234,344-

$417,815), and $272,437 ($174,239-$381,610) for upfront MDT, upfront AAP + ADT, and 

upfront docetaxel + ADT, respectively. A cost-effectiveness acceptability frontier comparing 

the probability of each strategy being cost-effective as a function of varying WTP shows 

upfront MDT as the cost-effective strategy in 53.6% of microsimulations at a WTP of 

$100,000 per QALY (Fig. 3).

Discussion

These results suggest comparable cost-effectiveness at 10 years of upfront MDT, followed 

by salvage AAP + ADT compared with upfront systemic therapy, in patients with 

oligorecurrent disease. This conclusion is especially supported by results from the 

probabilistic sensitivity analysis accounting for the wide range of model inputs likely to 

be seen distributed across a patient population. Given the overlapping 95% CIs of NMB 

values ($240,000–532,000, $234,000–418,000, and $174,000–382,000 for upfront MDT, 

upfront AAP + ADT, and upfront docetaxel + ADT, respectively), with upfront MDT being 

the cost-effective strategy 53.6% of the time, we safely conclude that upfront MDT has at 

least comparable cost-effectiveness compared with the other 2 treatment strategies. As more 

mature data become available in the future, we look forward to future studies to further 

reduce the uncertainty embedded in this study.

Although MDT portends cost-saving opportunities to a health system, such a strategy may 

also prove attractive to individual patients, particularly those hesitant to start systemic 

therapy due to QoL concerns or concurrent comorbidities. Although the base-case analysis 

incorporates utility estimates representative of a large population, patients particularly averse 

to systemic therapy—represented by lower utility values for health states involving systemic 

Therapy—stand to experience an even greater benefit from MDT. This is particularly 

evident from Figure 2, where the marked impact of variation of utility values is seen on 

cost-effectiveness outcomes.

Sensitivity analyses highlight the profound effect of abiraterone pricing on overall results. 

Although the recent introduction of generic abiraterone has led to a significant decrease 

in price already (Medicare Federal Upper Limit prices 81% lower than branded Zytiga 

currently available on Veterans Affairs formulary), the base-case cost-effectiveness estimates 

comparing upfront MDT versus upfront AAP + ADT continue to show comparable cost-

effectiveness with incremental NMB values just above 0. Notably, a recently published 

phase 2 study compared the efficacy of low-dose (250 mg) abiraterone with low-fat meal 

versus standard-dose (1000 mg) with fasting in patients with mCRPC and suggested 

noninferiority of the low-dose regimen with respect to PSA metrics at 12 weeks.32 It 

remains to be seen whether these findings will eventually translate into a survival endpoint 

and, more broadly, to an oligorecurrent mHSPC population with a smaller burden of disease 
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than the vast majority of patients enrolled on STAMPEDE; if so, this may lead to a 

substantial reduction in quantity of AAP purchased over time (and hence total cost).

Given recent evidence highlighting the efficacy of enzalutamide4 and apalutamide5 in 

patients with mHSPC, the number of systemic agents potentially available to patients with 

oligorecurrent disease continues to increase. No trials have directly compared abiraterone, 

enzalutamide, and apalutamide in the mHSPC population, but data do exist to reflect 

the efficacy of each drug (vs standard of care) in patients with low-volume disease 

as defined by CHAARTED or CHAARTED-like criteria. STAMPEDE, ENZAMET, and 

TITAN showed overall survival hazard ratios of 0.64 (0.42–0.97), 0.43 (0.26–0.72), and 

0.67 (0.34–1.32) favoring AAP + ADT, enzalutamide + ADT, and apalutamide + ADT, 

respectively, over ADT alone in mHSPC with low-volume disease.4,5,9 If enzalutamide 

+ ADT and apalutamide + ADT are assumed to have similar efficacy profiles/toxicity 

burden as AAP + ADT and are then subsequently substituted for AAP in the current cost-

effectiveness analysis, the cost of enzalutamide and apalutamide per the Veterans Affairs 

schedule (349% and 388% higher than that of generic AAP costs per Medicare Federal 

Upper Limit) would result in upfront MDT appearing significantly more cost effective than 

in the current analysis.

With highly sensitive imaging modalities, such as PSMA PET-CT now available in modern 

practice, the average disease burden for a patient with low- or high-volume metastatic 

disease is expected to become smaller. Based on STAMPEDE data associating lower 

metastatic burden with improved survival,9 as well as ORIOLE data highlighting the 

improved efficacy of MDT with consolidative therapy targeting PSMA PET-CT lesions,33 it 

stands to reason that the introduction of PSMA PET-CT will further improve outcomes in 

both populations. The relative improvement in outcomes and difference in downstream costs 

with PSMA PET-CT, however, is not entirely clear when comparing patients receiving AAP 

+ ADT versus MDT.

Our study has several limitations that warrant discussion. First, given the limited number of 

STAMPEDE M1 patients (4.6%) with oligorecurrent disease, it remains unclear whether the 

efficacy of AAP + ADT is significantly different in de novo versus oligorecurrent disease. 

This is an important point because we assumed for the sake of modeling that patients 

with CHAARTED low-volume disease will follow a similar progression pattern on AAP 

+ ADT and ADT alone as patients with oligorecurrent disease. It is somewhat reassuring 

that CIs in ENZAMET showing the benefit of advanced systemic therapy versus ADT alone 

appear remarkably similar for patients who had received previous local treatment versus 

those who had not (0.47–1.09 vs 0.47–0.89 for overall survival; 0.31–0.57 vs 0.31–0.50 for 

progression-free survival), although these subgroups are not stratified by volume.

Second, the M1 subset in STOMP receiving upfront MDT (n = 17) is considerably smaller 

than the M1 cohorts in STAMPEDE arms C/G. Additionally, beyond being completely 

composed of patients with oligorecurrent disease, the STOMP cohort also differs from 

its STAMPEDE counterpart in that choline PET was used to assess for disease, thereby 

potentially selecting for STOMP patients with a comparably lower burden of disease. 

Third, this study used multiple randomized trials to inform transition probabilities between 
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disease states. This approach was preferred over using STAMPEDE data alone to inform 

progression after development of mCRPC given the variability in “life-prolonging therapies” 

between the 2 STAMPEDE arms. Instead, the assumption was made that all patients after 

failing AAP + ADT will have similar outcomes regardless of prior treatments received.

Fourth, because treatment disutility estimates were calculated from rates of grade 3+ 

toxicity, these disutility estimates may be slightly understated because they do not account 

for various mild (grade 1–2) toxicities seen with treatment. Finally, utility estimates were not 

taken from a single study, but from multiple studies after extensive review of prior literature.

Conclusions

We found that at 10 years, upfront MDT followed by salvage AAP + ADT is comparably 

cost-effective compared with upfront standard-of-care systemic therapy and may be 

considered a viable treatment strategy, especially in patients wishing to defer systemic 

therapy for QoL or comorbidity concerns. Additional studies are needed to determine 

whether MDT causes a sustained meaningful delay in disease natural history and whether 

any benefit (in terms of cost effectiveness or survival) exists in combining MDT with a finite 

course of upfront advanced systemic therapy in the oligorecurrent setting.
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Fig. 1. 
Schema for Markov model comparing 3 treatment strategies in patients with low-

volume oligorecurrent disease: (1) upfront metastasis-directed therapy followed by salvage 

abiraterone acetate plus prednisone (AAP) + androgen deprivation therapy (ADT) followed 

by salvage docetaxel + ADT, (2) upfront AAP + ADT followed by salvage docetaxel + ADT, 

and (3) upfront docetaxel + ADT followed by salvage AAP + ADT.
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Fig. 2. 
One-way sensitivity analyses reflecting effect of key model inputs on incremental net 

monetary benefit (NMB) of upfront metastasis-directed therapy versus upfront abiraterone 

acetate plus prednisone + androgen deprivation therapy (baseline comparator). Each 

key model input is shown with its lower/upper bounds in the sensitivity analysis and 

the corresponding effect on incremental NMB. The baseline expected value ($222) of 

incremental NMB is also shown.
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Fig. 3. 
Results from probabilistic sensitivity analysis using Monte Carlo simulation (1,000,000 

simulations) to compare each of the 3 treatment strategies. The cost-effectiveness 

acceptability frontier is displayed on the left, showing the probability of each strategy 

being the most cost effective at varying willingness-to-pay thresholds. The cost-effectiveness 

scatterplot is presented on the right for individual simulations.
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