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Abstract

Purpose: Prostate cancer is the second leading cause of cancer death in men in the US. Since 2015, landmark studies have demonstrated
improved survival outcomes with the use of docetaxel (DCT) or abiraterone (AA) in addition to androgen deprivation therapy (ADT) in the
metastatic hormone-naive setting. These treatment strategies have not been prospectively compared but have similar overall survival bene-
fits despite differing mechanisms of action, toxicity, and cost. We performed a cost-effectiveness analysis to provide insight into the value
of AA vs. DCT in the first-line treatment of metastatic prostate cancer.

Materials and Methods: We developed Markov models by using a US-payer perspective and a 3-year time horizon to estimate costs
(2018 US$) and progression-free quality-adjusted life years (PF-QALYss) for ADT alone, DCT, and AA. Health states were defined as initial
state, treatment states according to experience of an adverse event, and progressed disease/death. State transition probabilities were derived
from rates for drug discontinuation, frequency of adverse events, disease progression, and death from the randomized phase III trials Che-
moHormonal Therapy Versus Androgen Ablation Randomized Trial for Extensive Disease in Prostate Cancer (CHAARTED) and LATI-
TUDE. Univariate and probabilistic sensitivity analyses were conducted to evaluate model uncertainty.

Results: DCT resulted in an increase of 0.32 PF-QALYs and $16,100 in cost and AA resulted in an increase of 0.52 PF-QALYs and
$215,800 in cost compared to ADT alone. The incremental cost-effectiveness ratio for DCT vs. ADT was $50,500/PF-QALY and for AA
vs. DCT was $1,010,000/PF-QALY. Probabilistic sensitivity analysis demonstrated that at a willingness-to-pay threshold of $150,000/PF-
QALY AA was highly unlikely to be cost-effective.

Conclusion: DCT is substantially more cost-effective than AA in the treatment of metastatic hormone naive prostate cancer. © 2019
Elsevier Inc. All rights reserved.
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1. Introduction

Prostate cancer accounts for nearly 30,000 deaths annually
in the US, and progressive metastatic disease carries signifi-
cant morbidity [1]. Until 2015, the standard of care for front-
line treatment of men with metastatic prostate cancer was
androgen deprivation therapy (ADT) alone, either through

*Corresponding author. Tel.: 210-450-1132.
E-mail address: ramamurthyc @uthscsa.edu (C. Ramamurthy).
'Co-first authors.

https://doi.org/10.1016/j.urolonc.2019.05.017
1078-1439/© 2019 Elsevier Inc. All rights reserved.

surgical or chemical castration. Though initially effective for
most patients, castration-resistance and clinical progression
inevitably occurs at a median of approximately 1 year [2,3].
In an analysis of men presenting with de novo metastatic
prostate cancer between 1988 and 2009, no improvement in
overall or disease-specific survival was found over time [4].
From 2010 to 2014, 6 new agents were Food and Drug
Administration (FDA) approved for metastatic castration-
resistant prostate cancer (mCRPC), but ADT alone remained
the preferred first line therapy for metastatic hormone-naive
prostate cancer (mHNPC).
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However, since 2015, 3 landmark studies have estab-
lished a role for 2 agents that were initially approved for
castration-resistant disease for use in the initial metastatic
hormone-naive setting. The ECOG-ACRIN 3805 Chemo-
Hormonal Therapy Versus Androgen Ablation Randomized
Trial for Extensive Disease in Prostate Cancer
(CHAARTED) and STAMPEDE studies treated patients
with 6 cycles of docetaxel (DCT) at the time of ADT initia-
tion prior to the development of castration resistance, and
demonstrated an improvement in time to progression as
well as overall survival (OS) [5,6]. Shortly thereafter, the
LATITUDE and STAMPEDE studies demonstrated that the
addition of abiraterone (AA) acetate plus prednisone therapy
concomitantly with ADT improved progression-free survival
(PES) and OS [7.8].

While the STAMPEDE study had a more heterogeneous
population as it included patients with nonmetastatic disease,
the CHAARTED and LATITUDE study populations were
very similar, particularly when comparing the high-volume
cohort from CHAARTED with the entire cohort from LATI-
TUDE. The reported hazard ratios for OS compared with
ADT alone (with similar median follow-up times of approxi-
mately 30 months) were strikingly similar at 0.62 for AA
and 0.60 for DCT. These dramatic improvements have led to
the FDA approval of both drugs for mHNPC and NCCN cat-
egory 1 recommendations for their use. However, these treat-
ment approaches are vastly different in their mechanisms of
action, modes of delivery, toxicity profiles, and costs.

We conducted a comparative effectiveness study of the
2 treatment strategies vs. ADT alone based on the
CHAARTED and LATITUDE trials, as there is no prospec-
tive head-to-head comparison of AA vs. DCT in this setting
to help guide treatment decisions. We created a Markov
model to estimate treatment effects and costs to provide
insight into the value of these different therapies in first-
line treatment of mHNPC over the first 3 years from the
time of diagnosis.

2. Methods
2.1. Model Structure

We used a Markov Cohort model to estimate direct costs,
progression-free quality adjusted life years (PF-QALYSs), and
incremental cost effectiveness ratios (ICERs) for the 3
treatment strategies of AA, DCT, and ADT in patients with
mHNPC from a US payer perspective. State transitions
probabilities were defined according to the model structure
(Fig. 1), probabilities of adverse events, and survival time
data. Each model cycle represented 3 weeks, corresponding
to the length of a DCT treatment cycle. We limited the time
horizon to 3 years, since the available follow-up for the
LATITUDE trial is restricted to 3 years. Adverse event
(AEs) included in the model were chosen if they were rela-
tively frequent and expensive to treat or substantively
effected quality of life. Fatigue, which was more common
with AA than with ADT, was thus incorporated into the

ADT/AA model structure. PFS time was defined from time
from initiation of treatment until progression or death.
Costs and PF-QALYs accrued according to the length of
time spent in various states. All analyses were completed
using the package “heemod” in R software [9].

2.2. Model Probabilities

The probability of transition from a stable disease state to
a progressive disease state was derived from the PFS andOS
curves in the CHAARTED and LATITUDE trial publica-
tions. A plot digitizer software (Digitizelt, version 2.0, www.
digitizeit.de) was used to extract data points along with the
survival curves of both the intervention and placebo arms of
each trial. We then inferred the underlying event times and
censoring statuses using the digitized survival probabilities
and the number of patients at risk in a given interval [10].
These data were then used to fit parametric Weibull survival
models (Supplementary Figure S1), which in turn defined
model transition probabilities at each cycle. The PFS defini-
tions for CHAARTED and LATITUDE differ in the inclu-
sion of death as part of the PFS definition, with CHAARTED
not categorizing death as an event. Therefore, censored pro-
gression times which occurred at the time of a death were
recategorized as a combined progression/death event.

Overall treatment discontinuation and AE rates for DCT
and AA were obtained from the CHAARTED and LATI-
TUDE trials, respectively. We used the CHAARTED
breakdown of number of DCT cycles given to simulate a
per cycle discontinuation rate. For the AA and ADT only
models, we assumed most discontinuations occur during
the first 6 months (9 cycles), and the likelihood of discon-
tinuation was divided equally between cycles.

2.3. Utility estimates

In order to calculate total PF-QALYsSs, times accrued in
each state were adjusted by health-related quality of life
(HRQOL). Health utility scores were derived from the qual-
ity of life data gathered in the CHAARTED and LATITUDE
trials [11,12]. Both trials collected data and measured quality
of life outcomes using the functional assessment of cancer
therapy—prostate instrument. The mean functional assess-
ment of cancer therapy—prostate score after treatment initia-
tion for each trial was comparable (119.0 vs. 112.9), with the
LATITUDE trial reporting a baseline health utility index of
0.80 as determined by the EuroQol (EQ-5D-5L) [12]. There
was a minor, transient decrement in HRQOL associated
with DCT treatment at 3 months, which then improved by
12 months. This was modeled utilizing the DCT treatment
state (Fig. 1). Utilities for adverse event states were obtained
from the literature [11—15].

2.4. Cost estimates

Direct costs included drug acquisition, drug administra-
tion, physician visits, laboratory tests, radiographic tests,
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Fig. 1. Markov models for (A) abiraterone acetate and androgen deprivation therapy alone, and (B) docetaxel. mHNPC = metastatic hormone naive prostate

cancer; D/C = discontinuation.

and adverse event costs. Base drug costs were the average
wholesale price (AWP) minus 17% obtained from the
Access Pharmacy drug monograph database, as per a previ-
ously described approach [15,16]. Because oral agents are
not covered by Medicare Parts A and B, this method was
felt most reliable for obtaining a uniform source of drug
costs. The cost of AA using this method closely approxi-
mated the costs we have observed in clinical practice, and
the cost of DCT was above the average sales price from the
Centers for Medicare and Medicaid Services (CMS). The
intravenous drug cost for each 3-week cycle of DCT was
based on a dose of 75 mg/m?2 administered to a patient with
height 176 cm and weight 88.9 kg, median US male values,
with a subsequent body surface area of 2.1 m* [17]. DCT
cost included dexamethasone premedication costs. The cost
of leuprolide was for a standard, fixed 22.5 mg injection
given once every 3 months. Abiraterone acetate, predni-
sone, and peg-filgrastim doses were fixed, not weight-
based. Administration costs for DCT, leuprolide, and peg-
filgrastim were obtained from the CMS physician fee
schedule. Radiographic test costs were also obtained from
the CMS physician fee schedule [18]. Laboratory test costs
were obtained from the CMS clinical laboratory fee sched-
ule files [19]. The cost of treatment of febrile neutropenia

included drugs costs, cost of hospitalization, and inpatient
physician fees, as described in prior cost-effectiveness anal-
ysis, with the sum inflated to 2018 dollars using the Medical
Care Services component of the Consumer Price Index
[20,21].

Lower bound costs for the cost sensitivity analysis were
obtained from the National Acquisition Center Contract
Catalog Search Tool, which shows the cost at which the
Veterans Affairs and other federal government agencies are
able to acquire medications [22]. This represents a verifi-
able, practical lower bound for cost in the United States.
Upper bound costs were the AWP as obtained from Access
Pharmacy [16].

2.5. Sensitivity Analysis

We assessed the impact of model assumptions and tested
its robustness via several sensitivity analyses. We con-
ducted a series of 1-way sensitivity analyses, varying one
of the following parameters at a time: costs, survival time
(via a hazard ratio), probability of neutropenia/febrile neu-
tropenia, and HRQOL decrement while on DCT treatment.
Limits for these sensitivity analyses are shown in Table 1.
Next, we conducted probabilistic sensitivity analyses with



Table 1

Model inputs, including costs and utility values, with base case variables, range, and type of distribution used in sensitivity analyses

Variable Value Minimum Maximum Reference Distribution
Utility values
SD on AA or ADT alone 0.83 0.83 1 (AA only) Chi 2018 [12] N/A
SD on DCT 0.78 N/A N/A Morgans 2018 [11] N/A
Post-DCT recovery state* 0.78-0.83 N/A N/A Morgans 2018 [11] N/A
Fatigue 0.78 N/A 0.95 (when AA=1) Bayoumi 2000 [13] N/A
Febrile neutropenia 0.47 N/A N/A Younis 2011 [14] N/A
Progression/Death 0 N/A N/A N/A
Progressed disease (sensitivity model to death only) 0.725 N/A N/A Zhong 2013 [15] N/A
Survival probability at 2 years'
ADT 33% 26% (HR =1.2) 41% (HR =0.85) CHAARTED, LATITUDE [5,7] Normal (log-HR)
DCT 51% 46% (HR =1.2) 58% (HR =0.85) CHAARTED [5] Normal (log-HR)
AA 61% 55% (HR =1.2) 67% (HR =0.85) LATITUDE [7] Normal (log-HR)
AE rates
DCT discontinuation 0.12 N/A N/A CHAARTED [5] N/A
AA discontinuation 0.12 N/A N/A LATITUDE [7] N/A
Fatigue (ADT) 0.01 N/A N/A LATITUDE [7] N/A
Fatigue (AA) 0.02 N/A N/A LATITUDE [7] N/A
Neutropenia (DCT) 0.121 0.089 0.157 CHAARTED [5] Binomial
Febrile Neutropenia (DCT) 0.061 0.04 0.09 CHAARTED [5] Binomial
Costs (USD)
Drugs/Routine
ADT (g3 month) 1115 612 1343 Access Pharmacy, [16] VA [22] Gamma
ADT nondrug costs (per cycle)}g 137 N/A N/A CMS [18,19] N/A
AA (per month) 9368 5550 11275 Access Pharmacy, [16] VA [22] Gamma
AA nondrug costs (per cycle)’ 151 N/A N/A CMS [18,19] N/A
DCT (per 3 wk cycle) 1576 266 1710 Access Pharmacy, [16] VA [22] Gamma
DCT nondrug costs (per cycle)}‘ 374 (on trt)/142 (post-trt) N/A N/A CMS [18,19] N/A
AEs
Neutropeniai 5937 3579 7149 Access Pharmacy, [16] VA [22] Gamma
Febrile neutropenia 18507 5843 29217 Lyman 2009 [20] Gamma

AA = abiraterone acetate; ADT = androgen deprivation therapy; AE = adverse event (selected); CMS = Centers for Medicare and Medicaid Services; DCT = docetaxel; SD = stable disease; USD = United

States dollars; VA = Veterans’ Administration.

* Assumes linear gain between utility on treatment and after recovery, with full recovery at 12 months from treatment start.

TCy(:le—spe:ciﬁc probabilities calculated based on full curves and hazard ratios, 2-year survival probabilities included here to illustrate effects.

¥ Cost of peg-filgrastim plus administration.

¥ Includes medication administration, physician visits, routine labs, imaging.
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1,000 repetitions, simulating inputs of interest as follows:
costs were drawn from the gamma distribution, centered at
the base case with a standard deviation (SD) of 0.1 times
the mean; probabilities were drawn from the binomial,
based on the number of samples in the trials, and log-hazard
ratios for survival times were simulated from the normal,
centered at O with SD of 0.1. We summarized results using
cost-effectiveness acceptability curves to project the proba-
bility of cost-effectiveness for the treatment strategies at
various willingness-to-pay (WTP) thresholds.

In separate models, we also calculated the ICER for non-
quality adjusted progression-free life year, and explored
estimation of QALY by including a separate “progressed
disease” state (Figure S1). Finally, we re-estimated the
results assuming that the price of AA was decreased by
75%, corresponding to recent data showing that a 1-quarter
dose (250 mg) of AA given with food is similarly effica-
cious to standard dose AA 1000 mg taken fasting [23]. This
price also represents a lower limit of the reduced prices that
may be available now that generic AA has been approved
by the FDA [24].

3. Results

In the base case, over a 3-year time horizon, adding DCT
to ADT resulted in an increase of 0.32 PF-QALYs and
$16,100 in cost, and adding AA to ADT resulted in an
increase of 0.52 PF-QALYs and $215,800 in cost. This
results in an ICER for DCT vs. ADT of $50,500/PF-QALY,
and an ICER of AA vs. DCT of $1,010,000/PF-QALY.
One-way sensitivity analyses demonstrated that the model
was most sensitive to changes in survival probabilities for
each agent (Fig. 2—Tornado diagrams). Results were also
sensitive to the cost of AA and DCT, and higher utilities for
AA. Fig. 2 demonstrates the probabilistic sensitivity analy-
sis. Even at a willingness-pay-threshold of $150,000/PF-
QALY, AA remained highly unlikely to be cost-effective.
DCT remained cost-effective in 99.5% of sampled parame-
ters at the same WTP threshold. Even at $1,000,000/PF-
QALY, AA was only cost-effective in 47.7% of simulated
scenarios (Table 2A and Fig. 3).

Table 2B presents ICERs using the main study model
under alternate scenarios. This includes the lower bound
cost for AA from the VA costs, and AA at one-fourth the
price which may approximate the ultimate generic cost of
the medication. With the substantial price decreases, the
ICERs became $575,000/PF-QALY and $208,100/PF-
QALY, respectively. The model was also run without qual-
ity-of-life adjustment, and the ICER was not meaningfully
different from the quality-adjusted scenario. When separat-
ing death and progression states, we assumed a fixed cost
of $5,000 per month spent in progressed disease, and
decreased utility (assuming some patients become symp-
tomatic) [25]. This analysis confirmed that AA and DCT
both offer improved outcomes over ADT, but are more
costly. The differences between AA and DCT for both costs

and effects were much smaller than in our base case model,
but DCT retained a cost advantage over AA while QALY
advantages became negligible.

4. Discussion

We performed a cost-effectiveness analysis of AA plus
ADT and DCT plus ADT in the treatment of hormone naive
metastatic prostate cancer. While both strategies provided
incremental benefit compared to ADT alone, the incremen-
tal cost per PF-QALY was substantially higher for AA than
DCT. This is despite the model being intentionally struc-
tured to favor AA, in that it does not ascribe additional
side effects to AA compared to ADT alone and generously
discounts utility values associated with a neutropenic fever
state. The ICER for AA compared to DCT was sensitive to
the cost of AA, but even under the lowest AA cost utilizing
univariate sensitivity analysis of the VA FSS price, the
ICER for AA compared to DCT remained high, at
$575,100/PF-QALY. In a probabilistic sensitivity analysis,
the probability of AA being cost effective was 0% at a
WTP threshold of $150,000, whereas the probability of
DCT being cost effective was 99.5% at the same threshold.

To our knowledge, this is the first formal cost-effective-
ness analysis comparing these 2 strategies in first-line treat-
ment of mHNPC. Prior studies have evaluated the cost-
effectiveness of the DCT approach alone but have not
extensively modeled AEs, used a US payer perspective, or
compared DCT to AA [26—28].

We primarily report on PF-QALYs in this study and
built a detailed model to progression for calculation of
ICERs rather than focusing on modeling to death. The
ICER for PF-QALY is an informative measure in this set-
ting because OS is similar between AA and DCT, and the
relatively longer length of front-line therapy with AA com-
pared to therapy after progression to CRPC makes cost to
first progression a major driver of overall cost. While the
difference in cost will be reduced when patients cross over
from DCT in the hormone naive setting to AA in the castra-
tion resistant setting, the median duration of AA in the
hormone naive setting per the LATITUDE study was
33 months, 16.5 months in the pre-DCT castration resis-
tant-setting in COU-AA-302 study, and only 8 months in
the post-DCT castration-resistant setting per COU-AA-301
[7,29]. Thus, we hypothesize that the cost effectiveness of
DCT in the first line compared with AA will be preserved
even when modeling to death and accounting for crossover.
This is supported by our sensitivity analyses where PD is
considered a separate state. Given the variety of treatment
options and sequences available for the treatment of mCRPC,
modeling beyond first progression was felt to be imprecise
and fraught with too many assumptions that would detract
from the strength of the cost-effectiveness conclusions.

The large difference in cost-effectiveness between DCT
and AA demonstrated in this study despite the remarkably
similar OS data for these treatment strategies raises several
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Fig. 2. Tornado diagrams for univariable sensitivity analyses. ICER =incremental cost-effectiveness ratio; HR = hazard ratio; DCT = docetaxel; AA = abira-
terone acetate; Pr = probability; feb = febrile; AWP = average wholesale price; UCL = upper confidence limit; LCL = lower confidence limit; VA = Veterans’

Administration.

issues. AA would require a substantial reduction to be a
cost-effective intervention at a WTP threshold of $150,000.
This highlights the ongoing debate over appropriate drug
pricing. When drugs are approved for an initial indication
and priced according to that indication, their approval in
another setting can have significant economic impact. This
interestingly was an issue with abiraterone in the UK when
it was first appraised favorably by the National Institute for
Health and Care Excellent for an indication post-DCT for
mCRPC, then underwent contentious review for approval

in the pre-DCT setting [30]. The importance of treatment
sequence to cost has also been demonstrated in advanced
melanoma, where the ICER for nivolumab plus ipilimumab
combination therapy in the front line compared to pembro-
lizumab followed by ipilimumab on progression was over
$1.7 million [31].

It also highlights the importance of biomarker discovery
from STAMPEDE, CHAARTED, and LATITUDE to help
identify whether there are particular populations expected
to benefit from 1 treatment or another. In the absence of
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Table 2A
Base case results

Main Model Costs PF-QALYs ICER
ADT $10,350 1.21

DCT $26,450 1.53 $50,489
AA $226,183 1.73 $1,009,975

PF-QALYs = progression-free quality-adjusted life years; ICER =
incremental cost effectiveness ratios; ADT = androgen deprivation therapy;
DCT = docetaxel; AA = abiraterone acetate.

these, the decision to use DCT or abiraterone revolves
around potential side-effect differences, patient and clini-
cian preferences, indirect or retrospective comparisons, and
occasionally clinical factors such as visceral or very large
volume disease status.

As with any modeling study, our analysis has certain
limitations. The models we developed were based on data
from previously published trials and not prospectively
collected. While this may affect real-world applicability, it
did enable us to use standardized costs and high-quality
survival and adverse event data. The OS data from LATI-
TUDE were not mature, with only 3 years of follow-up
for the study; therefore, we focused on PF-QALYSs over a
3-year window. This allowed for a comparison between
DCT and AA without reliance on extrapolated survival
curves, or hypothetical models for treatments in the castra-
tion-resistant setting. Given the PFS benefit for AA, it is
possible that future studies with longer follow-up may indi-
cate some OS benefit over DCT; however, given the lack of
any demonstrable difference at 3 years, large differences
in OS are unlikely. Indeed, longer term follow-up from
CHAARTED showed that in high-volume patients, the
hazard ratio for OS remained 0.62 [32].

We used established health utility values from the litera-
ture based on recently published quality of life data from
the LATITUDE and CHAARTED studies [11,12].
Although the utility for DCT was lower than for AA, given
clinical experience we were surprised to see a relatively
minor difference between the 2 treatments (a difference of
0.05). We therefore ran additional sensitivity analyses
where the utility of SD on AA was increased to the extreme
value of 1. Although this did result in a more favorable
ICER for AA, it was still high at $361,800/PF-QALY.

There is no universal standard for drug cost ascertain-
ment in cost-effectiveness analysis, but we used the AWP
minus 17% for drugs in our base case scenario and the US
Federal Supply Service price for the lower bound in our
sensitivity analysis, making our analysis applicable primar-
ily to the US setting [15]. We assumed fixed drug acquisi-
tion costs; thus, the generic DCT was advantaged compared
to the patented abiraterone acetate cost. The recent launch
of generic abiraterone in the US may mitigate some of the
effect difference as we demonstrated but, as has been docu-
mented in the case of imatinib, the loss of patent and entry
of generic equivalents can be slow and modest in effecting
price reductions [33].

Our data should contribute to the ongoing debate on the
optimal first line therapy for mHNPC. Societal cost is not
the sole factor in this treatment decision — there are differen-
ces in side effect profiles, treatment lengths, costs to the
individual patient, and availability between these treatments.
Further studies are needed to identify predictive biomarkers
for differential benefit to these treatment strategies. How-
ever, the vast difference in cost-effectiveness between DCT
and AA in mHNPC despite comparable survival results
should inform how we as a society allocate our healthcare
resources.
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taxel; AA = abiraterone acetate.
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Table 2B
Incremental cost effectiveness ratios — base case and alternate scenarios
ICER

DCT vs ADT DCT vs AA
Main model (PF-QALYSs) $50,489 $1,009,975
No QALY adjustment (PF-LYs) $44,368 $969,532
Model VA price (PF-QALYs) $50,489 $575,031
Model with 1/4 dose (PF-QALYs) $50,489 $208,062

PF-QALY = progression-free quality-adjusted life year; ICER =
incremental cost-effectiveness ratio; ADT = androgen deprivation therapy;
DCT = docetaxel; AA = abiraterone acetate; PF-LY = progression-free life
year.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
urolonc.2019.05.017.
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