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Abstract

Context: Optimal treatment sequencing of abiraterone and enzalutamide in chemotherapy-naïve
metastatic castration-resistant prostate cancer (mCRPC) is challenging. Real-world data (RWD)
allow a better understanding of health economic implications in the real world.
Objective: To determine survival and cost outcomes for two real-world treatment sequences,
comparing abiraterone to enzalutamide (AA ! ENZ) with enzalutamide to abiraterone (ENZ !
AA).
Evidence acquisition: A systematic review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Searches were per-
formed in Medline, Embase, and Web of Science.
Evidence synthesis: Seventeen studies met our inclusion criteria. Of studies with survival
outcomes, 10 featured AA ! ENZ treatment sequences (n = 575), four ENZ ! AA sequences
(n = 205), and three both sequences. Better survival outcomes were demonstrated in the AA !
ENZ cohorts in several studies reporting prostate-specific antigen (PSA) progression-free
survival (PSA-PFS), combined PSA-PFS, and PSA decline �50%. Three studies showed shorter
treatment duration in cohorts receiving second-line enzalutamide compared with abiraterone.
Collectively, six RWD costing studies described patients with mCRPC who experienced
treatment with enzalutamide (n = 4195), abiraterone (n = 10 372), AA ! ENZ (n = 443), and
ENZ ! AA (n = 91). No study estimated the cost of treatment sequencing of AA ! ENZ or ENZ !
AA.
Conclusions: No head-to-head studies were found, but we hypothesise that the AA ! ENZ
sequence may be less costly than ENZ ! AA, because time on treatment tends to be longer for a
first-line treatment and abiraterone is less costly than enzalutamide. There are indications that
PFS of AA ! ENZ is superior to that of ENZ ! AA, which supports the former sequence as more
cost-effective.
Patient summary: Better survival outcomes were reported in several studies where patients
with advanced prostate cancer received the abiraterone to enzalutamide sequence compared
with the enzalutamide to abiraterone sequence. No study estimated the cost of sequencing
either treatment approach.
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1. Introduction

Prostate cancer is the most common cancer in men [1], with
total lifetime medical care costs estimated at over $110
000 per patient in the USA [2]. Abiraterone and enzaluta-
mide are newer androgen receptor targeting agents (ARTAs)
initially approved in the post-docetaxel setting for patients
with metastatic castration-resistant prostate cancer
(mCRPC) [3]. Having also demonstrated improvements in
progression-free survival (PFS) and overall survival (OS) in
the chemotherapy-naïve population [4–6], both are now
accepted as first-line treatments [7].

While there is no clear consensus on the optimal treat-
ment sequence in mCRPC, preferential use of an ARTA as
first-line therapy has been highlighted through expert con-
sensus [7] and several observational studies [8,9]. Selection
of an ARTA over taxane-based chemotherapy may be
explained by its superior toxicity profile [10]. A recent phase
II, open-label trial examined randomised comparison of
abiraterone versus enzalutamide with crossover to the
alternate ARTA in patients with chemotherapy-naïve
mCRPC [11]. While the study illustrated that abiraterone
followed by enzalutamide had significant clinical benefit
compared with the alternate sequence, there was also a
modest response to second-line enzalutamide. Potential
cross-resistance between ARTA therapies [3,12] raises sig-
nificant questions about whether ARTAs should be given
sequentially and whether these are the best treatment
strategy.

With the rapidly evolving treatment landscape, abirater-
one [13], enzalutamide [14], and other ARTAs (eg, apaluta-
mide [15]) have also shown survival benefits earlier in the
disease stage, in metastatic castration-sensitive prostate
cancer, which has implications for treatment selection in
the castration-resistant setting. While clinical trials show
progress towards improved sequencing strategies to opti-
mise survival outcomes, use of these agents after approval
in the real-world setting may not be represented.

Real-world data (RWD) are increasingly being used to
assist with the regulatory approval of drugs and funding
decisions in many countries [16]. It is collected outside of
randomised controlled trials (RCTs), where existing evi-
dence indicates treatment efficacy and where RCTs are
nonexistent or not feasible [17]. RWD provides real-world
evidence and is beneficial for examining resource utilisation
patterns, and health and economic outcomes in the real
world [16].

Health economic considerations are pivotal to drug cov-
erage, reimbursement, and pricing decisions by regulatory
health technology assessment (HTA) bodies. While survival
benefits are imperative to the regulatory approval of new
agents, cost-effectiveness of new therapeutics versus a
comparator is also warranted in an era of limited health
care resources. Cost analyses of abiraterone compared with
enzalutamide have shown different economic results [18–
21], and the cost of sequencing these agents alternatively as
first- and second-line therapies across the total treatment
sequence is unknown. With RWD being used in cost-effec-
tiveness analyses (CEAs) in cancer [22–24], consideration of
Please cite this article in press as: Pereira-Salgado A, et al. System
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both real-world survival and costing data is useful in deter-
mining the most beneficial treatment sequence.

In this study, we synthesised evidence from published
studies using RWD, to determine how the after-approval
use of abiraterone followed by enzalutamide (AA ! ENZ)
and enzalutamide followed by abiraterone (ENZ ! AA) as
first- and second-line therapies in mCRPC informs survival
and cost outcomes.

2. Evidence acquisition

2.1. Literature search

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [25]. The search was
performed on 26 March 2019 in Medline, Embase, and Web
of Science using a combination of subject headings and key
word search terms with appropriate conjunctions. Exam-
ples of search terms used in Medline and Embase are the
following: Prostatic Neoplasms, metastatic castrat* resis-
tant prostate cancer*, metastatic cancer* adj3 prostate,
abiraterone, enzalutamide, Costs and Cost Analysis, cost*,
health economic*, Survival Analysis, survival* and cost*.
The search was limited to studies involving humans,
in the English language, and from 2009 to present, given
the availability of abiraterone and enzalutamide in 2011 and
2012, respectively.

2.2. Inclusion and exclusion criteria

The inclusion criteria were primary studies of observational
study design or health economic models or studies using
RWD to report the following: (1) treatment sequencing of
AA ! ENZ or ENZ ! AA as first- and second-line therapies in
patients with mCRPC with outcomes of survival or (2) use of
enzalutamide and/or abiraterone as first- or second-line
therapies in patients with mCRPC with cost outcomes for
abiraterone and/or enzalutamide. Given the paucity of RWD
costing studies with abiraterone and/or enzalutamide, stud-
ies were included where the majority of the mCRPC patients
in the sample were chemotherapy-naïve.

RWD were defined according to the International Society
for Pharmacoeconomics and Outcomes Research, and
included primary papers of large simple trials (practical
clinical trials), registries, administrative data, health sur-
veys, electronic health records, and medical chart reviews
[26]. First-line therapy was considered to be the first agent
administered after development of castration resistance.
The exclusion criteria included studies with mCRPC patients
who were not treatment naïve, RCT study designs, com-
mentaries, editorials, reviews, inability to obtain full text,
and inability to confirm whether patients were treatment
naïve. Where there was a conference abstract and full-text
article for the same study, which was eligible, only the full-
text article was included.

Abstracts were screened by one reviewer. Review of
full-text articles and selection of studies were performed
by two reviewers. Where there was disagreement, articles
atic Review of Efficacy and Health Economic Implications of
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were discussed between reviewers till consensus was
reached.

2.3. Data extraction and synthesis

For RWD studies reporting treatment sequences of AA !
ENZ and/or ENZ ! AA as a first- and second-line therapy in
patients with mCRPC and survival outcomes, data collected
from each study included the following: publication char-
acteristics (year, authors), RWD source, country, treatment
sequence(s), sample size, patient characteristics (where
available, age, Gleason score, Eastern Cooperative Oncology
Group [ECOG] performance score, disease sites, laboratory,
and race), median clinical and/or radiological PFS, PSA
progression free survival (PSA-PFS), PSA response (PSA
decline from baseline of �50%), median OS (mOS), com-
bined PSA-PFS, and combined clinical and/or radiological
PFS.

Where patient characteristics were presented across
multiple time points, only the first instance was extracted.

Costing data extraction from RWD studies included pub-
lication characteristics (author, year), objective, treatment
line/sequence(s) and sample size, patient characteristics
(age, comorbidities, and previous mCRPC treatments), per-
spective, study design, RWD and costing sources, duration
of therapy and parameters, time horizon or time frame,
costing year, and results.

Extracted data were presented in tabulations with nar-
rative synthesis. Given the heterogeneity in patient char-
acteristics and study designs between studies, a meta-anal-
ysis was not deemed appropriate.

3. Evidence synthesis

3.1. Description of studies

A total of 2495 records were retrieved from database
searches, with an additional one previously known to the
authors; following the removal of duplicates (n = 651) and
records screened (n = 1845), 127 full-text articles were
assessed for eligibility (Fig. 1). Of these, 17 studies met
our inclusion criteria, 11 RWD studies reported AA ! ENZ
or ENZ ! AA as first- and second-line treatment with
survival outcomes (Table 1), and six RWD studies reported
abiraterone and/or enzalutamide as first- or second-line
treatments in predominantly chemotherapy-naïve mCRPC
patients with cost outcomes (Table 2).

Of studies with survival outcomes only, approximately
90% reported PFS and 73% mOS. Review of the medical
records was the most commonly used data source, used
in approximately 55% of studies. Most commonly studies
were conducted in the USA [27–30] (five out of 11), with
three completed in Japan [31–33]. Ten studies [27–32,34–
37] featured AA ! ENZ treatment sequences (n = 575), while
there were only four studies [29,31–33] with ENZ ! AA
sequences (n = 205). Only three studies [29,31,32] reported
both treatment sequences.

Collectively, RWD costing studies described patients
with mCRPC who experienced treatment with
Please cite this article in press as: Pereira-Salgado A, et al. System
Real-world Treatment Sequencing in Prostate Cancer: Where Do th
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enzalutamide only (n = 4195), abiraterone only (n = 10
372), AA ! ENZ (n = 443), and ENZ ! AA (n = 91). One
costing study [38] reported a hypothetical model to esti-
mate the budget impact of enzalutamide, while five others
[39–43] were retrospective reviews of patients, claims, and
commercial datasets. Five studies [38,40–43] provided costs
of abiraterone and/or enzalutamide as first-line treatments,
while Ellis et al [39] utilised three datasets to estimate the
costs of enzalutamide and abiraterone, which were used as
first- and/or second-line treatments.

3.2. Patient characteristics

Patient characteristics of included studies demonstrating
first- and second-line sequencing of AA ! ENZ or ENZ ! AA
are presented in Supplementary Table 1.

Within the studies evaluating sequencing of AA ! ENZ,
the lowest median age of patients was 62 yr (interquartile
range [IQR]: 50–76) [27], captured at diagnosis, while the
highest median age was 81 yr (IQR: 72–86) [34]. Most
patients had an ECOG status of 0–1. Disease sites and PSA
values varied considerably among patients, with race
included in only three studies [27,30,35].

Where published, patient characteristics were presented
from the included costing studies (Table 3). Among patients
in the abiraterone cohorts, the lowest mean age was 67.9 yr
(standard deviation [SD]: 9.6) [39] and the highest mean age
was 73.5 yr (SD: 10.6) [42]. Within the enzalutamide
cohorts, the lowest mean age was 65.9 yr (SD: 9.8) [39]
and the highest mean age was 74.5 yr (SD: 10.7)
[42]. Although previous chemotherapy use among the abir-
aterone and enzalutamide subgroups was between 14.6%
and 54.3% of mCRPC patients in Ellis et al’s [39] study,
the total overall percentage in both cohorts was estimated
to be between 18.2% and 27.5% only in each of the three
datasets.

3.3. Survival outcomes

3.3.1. PSA decline �50%

PSA decline �50% was measured in nine [27–32,34,35,37] of
the studies from the initiation of second-line therapy.
Within the AA ! ENZ cohorts, PSA decline �50% was
reported in 11–34% of mCRPC patients. Most studies with
patients receiving AA ! ENZ (seven out of nine), however,
demonstrated PSA decline �50% in �20% of patients. In the
ENZ ! AA groups, PSA decline �50% was shown to be in
6.4–16.9% of patients. Of note, significant differences were
highlighted in the study of Matsubara et al [31], where 30%
of patients treated with AA ! ENZ experienced a PSA
decline of �50% versus 6.4% of patients who were treated
with ENZ ! AA sequences (p < 0.004).

3.3.2. PSA progression-free survival

PSA-PFS was included in five [27–29,32,37] of the studies. A
medical record review by Terada et al [29] highlighted
improvements in median PSA-PFS, from the initiation of
second-line therapy of 36 d, in those receiving AA ! ENZ
compared with those receiving ENZ ! AA sequences (91 d,
atic Review of Efficacy and Health Economic Implications of
e Newer Agents Enzalutamide and Abiraterone Fit in?. Eur Urol
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Fig. 1 – PRISMA flowchart. AA = abiraterone acetate; ENZ = enzalutamide; mCRPC = metastatic castration-resistant prostate cancer; PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; RWD = real-world data.
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95% confidence interval [CI]: 67–112 vs 55 d, 95% CI: 41–69;
p = 0.009). Combined PSA-PFS also favoured the AA ! ENZ
sequence by 159 d (455 d, 95% CI: 385–495 vs 296 d, 95% CI:
235–358; p < 0.001). Similarly, Miyake et al [32] reported
improved combined PSA-PFS of 5.6 mo in those treated with
AA ! ENZ compared with ENZ ! AA (18.4 vs 12.8 mo, p <

0.0091).

3.3.3. Clinical and/or radiological PFS

Median clinical and/or radiological PFS was reported from
the initiation of second-line treatment in six [28,30,31,33–
35] out of 11 studies. For the AA ! ENZ cohorts, median
clinical/and or radiological PFS varied from 3.39 mo (95% CI:
2.91–3.87) [31] to 8.1 mo (95% CI: 5.7–8.3) [35]. Within the
ENZ ! AA sequences, median clinical/and or radiological
Please cite this article in press as: Pereira-Salgado A, et al. System
Real-world Treatment Sequencing in Prostate Cancer: Where Do th
Focus (2020), https://doi.org/10.1016/j.euf.2020.03.003
PFS was 2.89 mo (95% CI: 2.30–3.4) [31] to 3.4 mo (95% CI:
0.8–6.0) [33].

3.3.4. Overall survival

Median OS was measured in eight studies, from the initia-
tion of either first- or second-line therapy. Matsubara et al
[31] calculated mOS from the initiation of first-line therapy
with no significant difference for the AA ! ENZ sequence
compared with the ENZ ! AA sequence (25.4 mo, 95% CI:
19.8–31.1 vs 24.2 mo, 95% CI: 20.2–28.2 [31]). There was
much variance in mOS from the initiation of second-line
therapy in AA ! ENZ cohorts: studies reported mOS from
8.5 [30] to 17.8 mo [27]. Only one study [33] captured mOS
from the initiation of second-line therapy for ENZ ! AA,
which was 9.1 mo (95% CI: 5.6–12.5).
atic Review of Efficacy and Health Economic Implications of
e Newer Agents Enzalutamide and Abiraterone Fit in?. Eur Urol
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Table 1 – Real-world data studies reporting treatment sequences and survival outcomes of abiraterone to enzalutamide and/or vice versa in first- and second-line treatment of chemotherapy-
naïve mCRPC.

Study RWD
source

Country Sequence Sample
size

Time on
1st treatment
(mo), median
(95% CI)

Time on
2nd treatment
(mo), median
(95% CI)

Median
clinical
and/or
radiological
PFS, mo
(95% CI) a

Median
clinical
and/or
radiological
PFS, mo
(95% CI) b

Combined
median
clinical
and/or
radiological
PFS, mo,
(95% CI)

Median
PSA-PFS,
mo
(95% CI) b

Combined
median
PSA-PFS
(mo)

PSA decline
�50%, n (%) b

MOS, mo
(95% CI)

Azad (2015)
[34]

Registry Canada AA ! ENZ 47 7.89 (5.41–10.36) 4.6 – 6.6 – – – 12 (25.5) 8.6 b

de Bono
(2018) [35]

Cohort study Europe AA ! ENZ 145 52 wk (35, 68) c 5.9 (3.0, 11) c – 8.1 (5.7–8.3) – – – 32/124 (26) NR

Emamekhoo
(2018) [27]

MR review USA AA ! ENZ 40 – – – – 2.3 (1.8–3.4) – 8 (20) 17.8
(8.9–NA) b

Matsubara
(2018) [31]

MR review Japan AA ! ENZ 50
ENZ ! AA 47

50
47

– – 6.29 (4.85–7.74)
5.50 (4.25–6.75)
p = 0.302

3.39 (2.91–3.87)
2.89 (2.30–3.4)
p = 0.054

11.1 (8.09–14.05)
9.04 (6.84–11.24)
p = 0.105

– – 30%
6.4%
p < 0.004

25.4
(19.8–31.1) a

24.2
(20.2–28.2) a

Cheng (2015)
[37]

MR review USA AA ! ENZ 79 – – 4.7 (3.7–7.7) – 4.0 (3.2–4.8) – 14 (18)

Miyake
(2017) [32]

Data review Japan AA ! ENZ
ENZ ! AA

49
59

– – – – – 5.9
2.6

18.4
12.8
p < 0.0091

13 (26.5)
10 (16.9)
p = 0.22

NR a

22.1 a

Strolin (2014)
[36] d

NR AA ! ENZ 13 – – – – – – 11.95 b

Suzman
(2014) [28]

MR review USA AA ! ENZ 30 – – – 4.7 (3.4–NA) – 4.1 (2.8–7.4) 10 (34) –

Terada (2017)
[29]

MR review USA AA ! ENZ
ENZ ! AA

113
85

– – – – – 91 (67–112) e

55 (41–69) e

p = 0.009

455
(385–495) e

296
(235–358) e

p < 0.001

30/102 (29)
10/76 (13)

919
(761–NR) a,e

899
(743–NR) a,e

p = 0.599
Yamada
(2016) [33]

MR review Japan ENZ ! AA 14 – – 5.0 (3.7–6.4) 3.4 (0.8–6.0) – – – 9.1
(5.6–12.5) b

Zhang (2015)
[30]

MR review USA AA ! ENZ 9 11.5 (3.4–36) f 4.0 (2.4–6.9) f – 3.7 (2.2–5.8) – – 1 (11) 8.5
(7.8–NR) b

AA = abiraterone acetate; CI = confidence interval; ENZ = enzalutamide; mCRPC =metastatic castration-resistant prostate cancer; MOS =median overall survival; MR =medical records; NA = not available; NR = not reached or
not reported; PFS = progression-free survival; PSA = prostate-specific antigen; RWD = real-world data; wk = week.
aFrom the initiation of first-line therapy.
bFrom the initiation of second-line therapy.
cMedian (quartiles).
dAbstract only.
eDays.
fMedian (range).
gMedian (interquartile range).
hMean.
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Table 2 – Real-world data studies reporting treatment sequences and costs of abiraterone and/or enzalutamide in predominantly chemotherapy-naïve mCRPC patients.

Study
(year)

Objective Treatment line/sequence(s)
and sample size (n)

Perspective Study
design

RWD and costing sources Duration of
therapy and
parameters

Time horizon/
time frame

Costing
year

Results

Bui (2016)
[38]

To estimate the
budget impact of
ENZ in a
hypothetical
1 million member
US health plan for
treatment of
chemotherapy-
naïve mCRPC

ENZ (first line), n = 115 US payer Hypothetical
model

-National Cancer Institute
Surveillance, Epidemiology, and
End Results (SEER)
-Package inserts and studies
-RED BOOK and Centers for
Medicare and Medicaid Services
(CMS)
-Agency for Healthcare Research
and Quality Healthcare Cost and
Utilisation Project
-Published literature

ENZ 12 mo
Drug cost/mo
$8355
Adverse event/mo
$162.09
Total cost/month
$8517

1 yr 2014 ENZ has an annual
incremental budget impact of
$510 641 ($4426 PPPY, $369
PPPM, and $0.04 per member
per month)

Koninckx
(2019) [43]

To evaluate the
effectiveness,
safety, and cost of
AA in patients with
mCRPC

AA (first line), n = 51 NR Retrospective Corporate electronic information
systems Abucasis (ambulatory
medical history), Farmasyst
(pharmacotherapeutic history),
GestLab (laboratory results
application), Orion Clinic (hospital
electronic medical history), and
Orion Logis (purchase and storage
management)

AA median
treatment duration
7.7 mo (IQR 4.1–
22.8)

1 January
2012 and
31 December
2017

NR Monthly treatment cost for
AA was s2712.0, cost per
median PFS month s2784.3,
cost per median OS month
s980.4

Ellis (2015)
[39]

Identifying, in a
real-world setting,
the sequences in
which AA and ENZ
are most often
used with respect
to one another and
to other treatments
for mCRPC, along
with their
associated
treatment costs

From three data sets: total data
set 1 n = 3525, data set 2
n = 499, data set 3 n = 1949
Distribution of treatment
sequences: AA (first line),
n = 2267, 333, 1077
AA ! ENZ, n = 176, 26, 241
ENZ (first line), n = 794, 68, 280
ENZ ! AA, n = 50, 8, 33
Costing results based on first-
line AA and ENZ only

Pharmacy
payers

Retrospective -Symphony Health Solutions’
Patient Transactional Datasets
-IMS PharMetrics Plus database
-Truven Health MarketScan
Research Databases

NA September
2012–October
2013 (data sets
1 and 2) and to
July 2014 (data
set 3)

2014 USD Monthly costs: $5756 for AA
vs $6879 for ENZ in data set
1, $6171 for AA vs $7549 for
ENZ in data set 2, and $6412
for AA vs $7661 for ENZ in
data set 3; p < 0.0001 for all
data sets

Schultz
(2018) [42]

To evaluate the
real-world
treatment
duration, HRU, and
medical costs for
patients with
mCRPC treated
with ENZ and AA

ENZ (first line), n = 920)
AA (first line), n = 2310

NR Retrospective -Truven Health MarketScan
Commercial Claims and Encounters
and Medicare Supplemental
Databases

ENZ median
treatment duration
10.7 mo
AA median
treatment duration
8.8 mo

2012–2015 2017 USD Monthly costs:
Total pharmacy cost: ENZ
$7194 (SD: $3154), AA $6141
(SD: $2665), p < 0.001
Cost of the index drug (any
claim for prostate cancer
prescription): ENZ $6712
(SD: $3304), AA $5170 (SD:
$2860), p < 0.001
Total healthcare cost
(prostate cancer related):
ENZ $11 598 (SD: $7974), AA
$10 975 (SD: $12 051),
p = 0.025
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3.4. Health economic implications

While six RWD costing studies met the eligibility criteria, no
study estimated the cost of sequencing AA ! ENZ or ENZ !
AA as first- and second-line treatment.

A hypothetical model was developed by Bui et al [38],
which showed a modest impact of using enzalutamide for
chemotherapy-naïve mCRPC patients due to the offset in
costing from adverse events and absence of monitoring.
Sensitivity to enzalutamide drug cost, uptake rate and size
of the chemotherapy-naïve mCRPC population were identi-
fied in one-way sensitivity analyses.

Retrospective reviews of various patient, market
research, administrative, commercial, and inpatient claims
were conducted by Ellis et al [39], Schultz et al [42],
Koninckx et al [43], and Ramaswamy et al [40,41]. Ellis
et al [39] reported distribution of treatment sequences of
first- and second-line treatments, where AA ! ENZ repre-
sented approximately 23% and ENZ ! AA < 5% of treatment
sequences across the three datasets. Treatment costs were,
however, based on first-line abiraterone and enzalutamide
rather than on treatment sequences; therefore, it is unclear
how or whether treatment sequence impacts overall costs.

Four [39–42] out of six RWD costing studies reported the
costs ofboth abiraterone and enzalutamide. Ellis et al [39]and
Schultz et al [42] reported significantly lower monthly costs
for abiraterone than enzalutamide, while enzalutamide costs
were significantly less than abiraterone costs in a study by
Ramaswamy et al [41]. Monthly pharmacy costs were signifi-
cantly lower for abiraterone than for enzalutamide across all
three data sets in Ellis et al’s [39] study ($5756 for abiraterone
vs $6879 for enzalutamide in data set 1, $6171 for abiraterone
vs $7549 for enzalutamide in data set 2, and $6412 for
abiraterone vs $7661 for enzalutamide in data set 3;
p < 0.0001 for all data sets; 2014 USD). In Schultz et al’s study
[42], total monthly pharmacy costs were $6141 for abirater-
one and $7194 for enzalutamide (p < 0.001).

In Ramaswamy et al’s study [41], enzalutamide was
found to have significantly lower all-cause medical costs
per patient per month ($3953 vs $4663; p = 0.0182) and
lower prostate cancer–related medical costs per patient per
month ($2621 vs $3289; p = 0.0119) than abiraterone. This
may be explained by a lower proportion of all-cause inpa-
tient stays and prostate cancer–related inpatient stays in the
enzalutamide cohort compared with abiraterone (26.09% vs
31.16%; p = 0.0371 and 20.87% vs 26.67%; p = 0.0114).

Koninckx et al [43] was the only study to incorporate
both survival and economic outcomes, and calculated the
monthly treatment cost of abiraterone as s2712.0; the cost
per median PFS month was s2784.3 and the cost per mOS
month was s980.4.

3.5. Discussion

This is the first systematic review providing evidence of
using RWD to investigate how sequencing of novel ARTAs in
chemotherapy-naïve mCRPC informs survival outcomes
and that in predominantly chemotherapy-naïve mCRPC
informs cost outcomes. Based on the real-world evidence
atic Review of Efficacy and Health Economic Implications of
e Newer Agents Enzalutamide and Abiraterone Fit in?. Eur Urol
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Table 3 – Patient characteristics of real-world data costing studies with abiraterone and/or enzalutamide in patients with predominantly chemotherapy-naïve mCRPC.

Ellis (2015) [39] a,b,c Koninckx (2019) [43] Schultz (2018) [42]

Data set 1 Data set 2 Data set 3

AA (n = 2611) ENZ (n = 914) AA (n = 407) ENZ (n = 92) AA (n = 1568) ENZ (n = 381) AA (n = 51) ENZ (n = 920) AA (n = 2310)

Age, mean� SD 73.1�7.9 72.4� 8.1 67.9� 9.6 65.9� 9.8 73.1�10.5 72.7�10.8 79.9 (75.2–83.1) d 74.5�10.7 73.5�10.6
Comorbidities, n (%)
Hypertension 1577 (60.4) 433 (47.4) 244 (60.0) 56 (60.9) 965 (61.5) 238 (62.5) 39 (76.5) 526 (57.2) 1195 (51.7)
Cardiovascular disease 1152 (44.1) 335 (36.7) 153 (37.6) 42 (45.7) 714 (45.5) 178 (46.7) 4 (7.8) 91 (9.9) 182 (7.9)
Depression/antidepressants 821 (31.4) 262 (28.7) 102 (25.1) 36 (39.1) 486 (31.0) 127 (33.3) NR 51 (5.5) 108 (4.7)
Diabetes 724 (27.7) 207 (22.6) 93 (22.9) 24 (26.1) 398 (25.4) 119 (31.2) 15 (29.4) 253 (27.5) 533 (23.1)
Seizure 44 (1.7) 7 (0.8) 7 (1.7) 0 (0.0) 24 (1.5) 5 (1.3) NR NR NR
Bone metastases NR NR NR NR NR NR 37 (72.5) 564 (61.3) 1481 (64.1)

Previous mCRPC treatments, n (%)
Chemotherapy 380 (14.6) 261 (28.6) 87 (21.4) 50 (54.3) 303 (19.3) 124 (32.5) – – –

Hormone treatments 2373 (90.9) 808 (88.4) 386 (94.8) 90 (97.8) 1504 (95.9) 370 (97.1) 51 (100.0) 450 (48.9) 1334 (57.7)
Sipuleucel-T 143 (5.5) 49 (5.4) 54 (13.3) 17 (18.5) 182 (11.6) 45 (11.8) NR 76 (8.3) 147 (6.4)
Median treatment duration (mo) – – – – – – 7.7 (IQR 4.1–22.8) 10.7 8.8

AA = abiraterone acetate; ENZ = enzalutamide; IQR = interquartile range; mCRPC =metastatic castration-resistant prostate cancer; NR = not reported; SD = standard deviation; RWD = real-world data.
aAs only age ranges are available in database 1, the mean patient age was approximated as the midpoint of the range for this data set (eg, 70 yr for the range 65–74 yr). The mean age for patients aged �75 yr is taken as
80 yr.
bTreatments received any time before the index date.
cHormone treatments, that is, luteinising hormone-releasing hormone/gonadotropin-releasing hormone, oestrogens, antiandrogens, and adrenal androgen blockers.
dMedian (interquartile range).
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identified, better survival outcomes were demonstrated in
the AA ! ENZ cohorts than in the ENZ ! AA cohorts in
several studies reporting PSA-PFS [29], combined PSA-PFS
[29,32], and PSA decline �50% [31]. No significant differ-
ences in mOS were observed in studies that compared both
treatment sequences. Time to second PSA progression was
also longer in patients who received AA ! ENZ rather than
ENZ ! AA (median 19.3 vs 15.2 mo, hazard ratio 0.66, p =
0.036) at a median follow-up of 22.8 mo in a phase II
randomised open-label trial with crossover. Consideration
of second-line taxane-based chemotherapy or radium-223
was also suggested due to a limited response to enzaluta-
mide at second line [11]. Abiraterone and enzalutamide
work along the same androgen receptor signalling pathway
that suggests a similar mechanism of action and therefore
the possibility of cross-resistance [12].

Evidence of cross-resistance was documented in some
real-world studies [30–33,35]. In de bono et al’s [35] study,
which sequenced AA ! ENZ, second-line therapy showed
antitumour activity in some patients who had previously
progressed after >24 wk of abiraterone. This suggests that
while cross-resistance is evident in some studies, mainly
represented by shorter PFS to second ARTA, a proportion of
patients still receive benefit from exposure to the second
agent. Following results of shorter PFS and a low PSA
response rate with second-line therapy, Matsubara et al
[31] recommended that first-line therapy be followed with
taxane-based chemotherapy, if appropriate. Outcomes from
Miyake et al’s [32] study were suggestive of low cross-
resistance of AA ! ENZ compared with ENZ ! AA; thus,
the authors recommended that the former sequence was
more suitable to the treatment of mCRPC. Despite some
evidence of potential cross-resistance, 36% of patients in
Yamada et al’s [33] study achieved a PSA decline with
abiraterone after enzalutamide treatment.

Lower response rates and survival outcomes may also
indicate a more aggressive tumour when resistance occurs,
rather than attributing to cross-resistance alone [10]. While
RWD is useful to examine real-world survival outcomes and
potential cross-resistance for improving future sequencing
strategies, there is growing recognition of relevant molecu-
lar biomarkers in mCRPC [44,45]. Further advancement and
validation of biomarkers (eg, androgen receptor splice vari-
ant-7) are required to enable utility in personalising treat-
ment selection to individual patients accordingly [45], in
particular, for determining which proportion of patients
would benefit from treatment to second ARTA.

There was no costing study that estimated the cost of
treatment sequencing of AA ! ENZ or ENZ ! AA using RWD.
This finding is consistent with another review that exam-
ined the current literature on health economic analyses in
the treatment of metastatic prostate cancer [46]. In contrast
to this, our review focused on mCRPC, specifically the
survival outcomes and costs of sequencing AA ! ENZ and
ENZ ! AA, predominantly in the chemotherapy-naïve pop-
ulation and using RWD.

Four RWD costing studies estimated the cost of both
abiraterone and enzalutamide with opposing results [39–
42]. Studies, however, reported different forms of health care
Please cite this article in press as: Pereira-Salgado A, et al. System
Real-world Treatment Sequencing in Prostate Cancer: Where Do th
Focus (2020), https://doi.org/10.1016/j.euf.2020.03.003
resource utilisation, cost inclusions (eg, pharmacy, prostate
cancer related, and all cause), and costing data were obtained
from different types of RWD sources. Of the four studies, no
costing study also reported patient survival outcomes from
treatment (effectiveness). Koninckx et al [43] incorporated
survival outcomes, capturing drug effectiveness in the real-
world setting with costs associated with abiraterone.

In Ellis et al’s [39] study, abiraterone pharmacy costs
were significantly less than that of enzalutamide. The lower
cost of abiraterone may be explained by the cost of the agent
itself, as estimations of monthly payer costs were based on
total payer costs for treatment reported for 30 d of supply.
The inclusion of concomitant corticosteroid costs into the
analysis may have yielded different results, given the sig-
nificantly higher use of corticosteroids in the abiraterone
cohort. Drug costs have, however, previously been shown to
have the largest impact on health economics (ie, incremen-
tal cost-effectiveness ratios [46]).

A previous study based on PREVAIL and COU-AA-302
clinical trials found that the cost of enzalutamide was
$2666 less than that of abiraterone over a 1-yr time horizon
[19] 19 Pilon et al [20] demonstrated lower cost per mOS
month for abiraterone than for enzalutamide ($3231 vs
$4512; 28% reduction). Both these studies based estimates
of drug costs from manufacturers’ listed prices, with treat-
ment duration from clinical trials and/or product’s prescrib-
ing information.

In Koninckx et al’s [43] study, the costs of abiraterone
were lower than that of controlled clinical trials, which was
explained by a shorter treatment duration compared with
clinical studies and the absence of associated costs. Time on
treatment has the potential to influence costs, and reliance
on clinical trial data alone may over- or underestimate costs.

In our review, where treatment duration was extracted
for first- and second-line treatments, time on second-line
treatment (in this case, enzalutamide treatment duration)
was always less than that on first-line treatment
[30,34,35]. This provides some argument that costs may
be different, albeit lower, based on a reduced treatment
duration in the second-line setting.

While no head-to-head studies were found, we hypothe-
sise that the AA ! ENZ sequence may be less costly than the
ENZ ! AA sequence. This is because time on treatment
tends to be longer for a first-line treatment, and abiraterone
is less costly than enzalutamide, when considering phar-
macy costs [20,39,42] and costs from a broader total health
care perspective (prostate cancer related) [42]. A costlier
treatment may then be prescribed at second line, for a
shorter duration, minimising the collective economic
impact. There are also indications that PFS of the AA !
ENZ cohort is superior to that of the ENZ ! AA cohort, which
supports the former sequence as more cost-effective. To
gain a more complete understanding of treatment sequenc-
ing of AA ! ENZ and ENZ ! AA in the real world, a full
economic evaluation should be considered, accounting for
limitations of nonrandomised designs [16]. Depending on
health economic study perspective, the cost of the agent,
adverse events, concomitant medications, and other factors
would need to be considered. Several CEAs have been
atic Review of Efficacy and Health Economic Implications of
e Newer Agents Enzalutamide and Abiraterone Fit in?. Eur Urol
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performed using RWD in breast [23], lung [22], and hepa-
tocellular [24] cancers. Identification of a suitable cohort
could be aided by the utilisation of a clinical registry with
data linkage to costing information.

The landscape of prostate cancer treatment is constantly
changing, which raises questions about the clinical place of
both abiraterone and enzalutamide. Findings from the CARD
study showed that the using cabazitaxel instead of switching
to the alternate ARTA, after docetaxel and either abiraterone
or enzalutamide, resulted in significant improvements in
mOS (13.6 mo for cabazitaxel vs 11.0 mo for ARTA, p =
0.008) [47]. The recently presented PROfound study demon-
strated that in mCRPC patients who harboured select DNA
repair defects and have previously received either abirater-
one or enzalutamide, the use of olaparib, a pharmacological
inhibitor of the enzyme poly ADP ribose polymerase (PARP),
improved radiological PFS and objective response rate com-
pared with the alternate ARTA [48].

Recent findings from the ENZAMET [14] and STAMPEDE
[13] trials have illustrated the role of enzalutamide and
abiraterone as treatments used earlier, in metastatic hor-
mone-sensitive prostate cancer (mHSPC); both agents
showed better PFS and mOS than placebo among these
patient groups. Given that previous treatment impacts
the choice of subsequent treatments, if prescribed in
mHSPC, these drugs may not be preferred in mCRPC.

While this highlights drug efficacy in RCTs, real-
world studies of abiraterone or enzalutamide in mHSPC are
currently lacking given that treatment use is contingent on
theregulatoryapprovalof therapeutics, to ensure appropriate
clinical effectiveness and safety requirements. This reveals
limitations with RWD; although it presents greater generali-
sability to the population, there may be a time delay in
obtaining and reporting RWD outcomes.

3.6. Limitations

Our research examined the treatment sequencing of AA !
ENZ and ENZ ! AA in men with predominantly chemother-
apy-naïve mCRPC to determine survival and health eco-
nomic implications. Of the studies that were identified,
cohorts were of smaller sample sizes, and due to heteroge-
neity between studies, we were not able to pool data for
meta-analysis. Reviews of observational studies featuring
10–20 studies generally have low statistical power
[49]. Hence, despite data favouring the AA ! ENZ treatment
sequence, it is difficult to draw a firm conclusion on a
superior sequence. Three studies were from abstracts, so
patient characteristics were not able to be extracted for
comparison. Findings about treatment sequencing may
pertain to the chemotherapy-naïve population only and
comparison with docetaxel was not provided, given that
the objective of the paper was to examine sequencing of
abiraterone and enzalutamide.

4. Conclusions

Although no head-to-head studies were found, we hy-
pothesise that the AA ! ENZ sequence may be less
Please cite this article in press as: Pereira-Salgado A, et al. System
Real-world Treatment Sequencing in Prostate Cancer: Where Do th
Focus (2020), https://doi.org/10.1016/j.euf.2020.03.003
costly than ENZ ! AA, because time on treatment tends to
be longer for a first-line treatment and abiraterone
is less costly than enzalutamide. There are indications that
PFS with AA ! ENZ is superior to that of ENZ ! AA, which
supports the former sequence as more cost-effective.
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