PharmacoEconomics - Open
https://doi.org/10.1007/541669-021-00307-1

ORIGINAL RESEARCH ARTICLE q

Check for
updates

Healthcare Costs for Metastatic Castration-Resistant Prostate Cancer
Patients Treated with Abiraterone or Enzalutamide

Dikshyanta Rana'® - Claudia Geue' - Kelly Baillie? - Jiafeng Pan® - Tanja Mueller* - Jennifer Laskey? -
Marion Bennie*® - Julie Clarke? - Robert J. Jones®® - Ailsa Brown’ - Olivia Wu'

Accepted: 29 September 2021
© The Author(s) 2021

Abstract

Objective The aim was to assess the real-world healthcare resource use and direct medical costs for metastatic castration-
resistant prostate cancer (mCRPC) patients treated with abiraterone or enzalutamide, in whom chemotherapy is not yet
indicated (pre-chemotherapy) or who had previously received docetaxel-based chemotherapy (post-chemotherapy), before
commencing these medicines.

Methods A retrospective cost analysis of mCRPC patients who commenced abiraterone or enzalutamide between 2012 and
2015 was conducted. Routinely collected datasets from the largest health board in Scotland and the UK, Greater Glasgow
and Clyde, were linked. They contained information on patient demographics, diagnosis, outpatient consultations, hospi-
tal admissions, treatments (abiraterone and enzalutamide), and supportive medicines. Unit costs were obtained from the
Scottish Health Service Costs, Personal Social Services Research Unit, and British National Formulary. Generalised linear
model-based regression was used to estimate total mean direct costs, and two-part models were used to estimate separate
cost components. All models were adjusted for propensity score and key variables. Sensitivity analysis was conducted to
explore the impact of hypothetical patient access scheme discounts.

Results Estimated total mean direct medical costs of treating mCRPC patients were similar, albeit with wide and overlapping
confidence intervals. Across both treatments, patients who received abiraterone or enzalutamide in a pre-chemotherapy set-
ting incurred the highest total mean direct medical costs. However, post-chemotherapy patients were associated with higher
outpatient clinic visits, inpatient hospital admissions, and supportive medicines. Regarding relative contribution to the total
mean direct medical cost, the treatment costs were the main contributor, followed by inpatient admissions, outpatient clinic
visits, and supportive medicines.

Conclusion The total mean direct medical costs were similar for abiraterone and enzalutamide patients. The costs were
not driven by the choice of treatment regimen, but treatment setting (pre-chemotherapy or post-chemotherapy indications)
and related healthcare resource utilisation. Future studies should focus on economic evaluations, such as cost-effectiveness
analyses, using real-world data.

1 Introduction

Prostate cancer is the most common male cancer and the
second most common cause of death in men in the UK [1].
An advanced form of prostate cancer is castration-resistant
prostate cancer (CRPC) characterised by disease progres-
sion following bilateral orchidectomy or androgen depri-
vation therapy. CRPC accounts for 10-20% of all prostate

P4 Dikshyanta Rana
dikshyanta.rana @ glasgow.ac.uk

Extended author information available on the last page of the article

Published online: 10 November 2021

cancer, of which 84% demonstrate radiographic findings of
metastatic castration-resistant prostate cancer (mCRPC) [2].
mCRPC features poor prognosis, lack of curative treatments,
and reduced survival compared to CRPC.

Recently, there have been advances in the treatment of
mCRPC. Novel hormonal therapies like abiraterone and
enzalutamide that target the androgen receptor are in use.
The National Institute for Health and Care Excellence
(NICE) and the Scottish Medicines Consortium (SMC) in
the United Kingdom (UK) have deemed these medicines
to be clinically effective and cost-effective for adults with
mCRPC. Initially, these treatments were accepted for those
with disease progression post docetaxel-based chemotherapy
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Key Points for Decision Makers

Our study demonstrates that the total mean direct
medical costs for metastatic castration-resistant prostate
cancer (mCRPC) patients treated with abiraterone or
enzalutamide are similar.

The total mean direct medical costs in mCRPC patients
were driven by treatment setting (pre-chemotherapy or
post-chemotherapy indications) and related healthcare
resource utilisation.

Resource utilisation and cost findings from this study
can supplement future cost-effectiveness studies to make
assumptions that reflect the real world.

[3, 4]. Subsequently, both were accepted for use in mCRPC
adults in whom chemotherapy is not yet indicated [5, 6].
Abiraterone is taken orally at a dosage of 1000 mg daily
in combination with prednisolone, whereas enzalutamide is
taken orally at 160 mg daily [3—6]. Both medicines are taken
until disease progression or drug toxicity.

Notably, reimbursement decisions made by the NICE and
SMC are based on clinical evidence from key clinical trials
and economic evidence from extrapolation of data obtained
via multiple sources, including from experts. Thus, health
technology assessments (HTAs) of new treatments, with
sparse data, are subjected to uncertainties in estimates of
clinical effectiveness and cost-effectiveness [3—6]. A recent
systematic review [7] on cost-effectiveness analyses and cost
analyses of mCRPC treatments confirms these uncertain-
ties, including those attributed to misleading or missing cost
information, and insufficient details provided by analyses
in its consideration. Moreover, few costing studies [8—12]
have to date utilised real-world data despite the expansion
in prescription of abiraterone and enzalutamide to patients
in the last decade. These studies utilised data obtained from
claims and research databases such as the IBM MarketScan®
from the providers’ perspectives. Treatment duration and
sequences, pharmacy costs, and healthcare resource utili-
sation in the form of outpatient consultations and hospital
admissions were explored. However, the studies varied
regarding treatment stratification, categorisation into pre-
chemotherapy and post-chemotherapy, and inclusion of
wide-ranging costs. Therefore, use of real-world data for
this purpose has the potential to provide useful insight into
the healthcare resource utilisation of mCRPC patients and
also assist with making robust assumptions during cost-
effectiveness analyses.
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Our study aims to assess the real-world healthcare
resource use and direct medical costs for mCRPC patients
treated with abiraterone or enzalutamide, in whom chemo-
therapy is not yet indicated or who had previously received
docetaxel-based chemotherapy, before commencing these
treatments. The study will inform clinicians on how mCRPC
patients treated with abiraterone and enzalutamide in the UK
engage within routine care settings in terms of healthcare
resource utilisation as represented by costs.

2 Methods

This retrospective cohort cost analysis was conducted
as a part of the Cancer Medicines Outcomes Programme
(CMOP) funded within the Scottish government’s “Beating
Cancer: Ambition and Action” Cancer Plan [13]. CMOP
aims to facilitate the use of electronic record linkage of rou-
tinely collected data in Scotland to allow the outcomes of
cancer medicines in real-life clinical practice to be better
understood. Our analysis complements the recently pub-
lished clinical paper that demonstrated treatment outcomes
and trial eligibility in real-world mCRPC patients in Scot-
land [14].

Several routinely collected datasets were accessed to
gather data on all mCRPC patients who commenced abira-
terone or enzalutamide between February 2012 and Decem-
ber 2015 in Greater Glasgow and Greater Clyde (GG and
C). GG and C is the largest health board in Scotland and
the UK, which provides healthcare for 1.2 million people.
The study’s sample size is determined by the chosen dates
which correspond to the approval of both medicines in Scot-
land and data availability for appropriate follow-up [14].
mCRPC patients prescribed abiraterone or enzalutamide
were identified via the Chemotherapy Electronic Prescrib-
ing and Administration System (CEPAS). CEPAS is a com-
prehensive source of data of all systemic anti-cancer therapy
(SACT) prescriptions within the National Health Service
(NHS) Scotland [15]. Patients who commenced abiraterone
or enzalutamide during the recruitment period or were part
of a clinical trial, except when the drug was used within
its product label, were excluded from the study. Similarly,
patients who were prescribed either of the treatments but
did not commence it were excluded. The earliest index date
and the last date of data collection for patients who were
still alive was February 2012 and 28 February 2017, respec-
tively. The date of the final dose of the medicines or date of
death (if patients died while on treatment) was entered as
the treatment end date. Patients were followed up until the
treatment end date or the censor date, whichever occurred
first. All patients commenced the treatments in two settings
(indications): the pre-chemotherapy setting included those
in whom chemotherapy was not yet indicated, also called as
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chemotherapy naive, while the post-chemotherapy setting
included patients who had previously received docetaxel-
based chemotherapy.

The datasets were linked via a unique patient identifier,
i.e. the Community Health Index (CHI) number, which is
used throughout the NHS to identify individual patients.
Further detail on this is available in our clinical paper [14].
The researcher received fully anonymised data for this analy-
sis. A variety of datasets containing information on patient
demographics, details of diagnosis, treatments, outpatient
appointments, and hospital admissions were available. This
cost analysis utilised CEPAS, Scottish Morbidity Records
(SMR), and National Records of Scotland (NRS) (Table 1).

CEPAS provided information on chemotherapy medi-
cines' prescription, including SACTs and supportive medi-
cines (steroids, anti-emetics). Supportive medicines do not
include medicines dispensed in the community. Outpatient
clinic visit information was obtained from the SMR-00
records [16], including information on any new and follow-
up appointments. Inpatient hospital admission information
was obtained from SMR-01 [17], which records all acute
general admissions as inpatient or day cases. Inpatient stays
indicate a hospital stay overnight, while day cases indicate
planned attendance of a specialty clinic. Unlike outpatient
records, day cases include patients who do not necessar-
ily stay overnight, but require a hospital bed. A record is
generated on completion of an episode as determined by
the admission date and discharge date. NRS [18], register
of all life events, was used to collect mortality information.
It records each death in Scotland, along with relevant Inter-
national Classification of Diseases 10th Revision (ICD-10)
codes.

The analysis was conducted from the perspective of NHS
Scotland. Resource use data consisted of items such as the
number of outpatient clinic visits, length of stay for inpatient
admissions, and the frequency, dose, and duration of treat-
ment (including main medicines abiraterone administered

Table 1 Routinely collected datasets used in the cost analysis

with prednisolone or enzalutamide) and supportive medi-
cines. Unit costs were assigned using the Scottish Health
Service Costs (‘cost book’) [19], Personal Social Services
Research Unit (PPSRU) [20], and the British National For-
mulary (BNF) [21]. Some assumptions and adjustments
were made during this process:

1. Unit costs for outpatient clinic visit and inpatient hospi-
tal admission-related resource items were derived from
health board-level average costs available in the cost
book, according to the specialty, as the study popula-
tion consisted of GG and C patients only.

2. Pharmacy cost was deducted from the cost book’s direct
cost per case. This was necessary as the average direct
cost per case is calculated and published by including
all medical and dental costs, costs for nursing, pharmacy
and allied health professionals, and, theatre and labora-
tory costs [19]. This deduction avoids double counting
of prescription costs available from the CEPAS.

3. An added cost of referral was attached to all new outpa-
tient appointments. It captured the cost of new patients
who were referred to an outpatient clinic for further tests
or treatments by healthcare professionals such as general
practitioners (GPs).

4. Patients were assigned unit costs according to their pre-
scribed dose. Standard BNF doses were assumed where
data on dosages were missing.

5. The duration of medicine prescription was rounded to
the nearest 28 days as patients would have received each
prescription for a minimum of this period regardless of
whether they stopped early. This was counted as a cycle
of medicine.

6. No administration cost was assumed to be incurred, as
most of the medicines were administered orally.

Per diem costing was used [22]. All costs were expressed
in UK pounds sterling (£) for the price year 2018/2019.

Source Example of data

CEPAS Prescription of chemotherapy treatments (abiraterone, enzalutamide, and supportive medicines) and other information such as
appointment date, intention (palliative or curative)/type of treatment, regime, cycle, dose, duration, and frequency of the drugs is
also recorded

SMR 00*  Outpatient clinic visits, including information on new and follow-up appointments, and additional information on specialty, the
professionals who led the clinic, and the date of attendance

SMR 01*  All acute general admissions in the form of inpatient and day cases and additional information on specialty, date of admission/
discharge/transfer, type of admissions (elective or non-elective)/discharge (regular, self-discharge, or death), and reason for
admission (ICD-10)

NRS Date of death and cause of death

CEPAS Chemotherapy Electronic Prescribing and Administration System, /CD-10 International Classification of Diseases 10th Revision, NRS

National Records of Scotland, SMR Scottish Morbidity Records

*Also covers information related to demographics, socio-economic status, health board area, and hospital
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Further information on resource use items, unit costs, and
their sources are presented as supplementary information
(see the electronic supplementary material, online resource
Table S1).

Total cost per patient was calculated by assigning unit
costs to each patient's resource use items throughout the
study period. Cost per outpatient clinic visit was determined
by specialty and professional who led the clinic. Cost per
inpatient hospital admission depended on the specialty and
length of stay in the hospital; they were multiplied to cal-
culate total cost per episode. Length of stay was calculated
as the difference in days between admission date and dis-
charge date, including these days. The total inpatient hospital
admission cost per patient was calculated by summing up the
total cost for each episode. For medicines, the price per unit
was obtained by dividing the price per pack by pack size,
adjusted for doses. The unit cost of medicine was multiplied
with the prescription's frequency and duration to obtain the
cost of medicine per day and total cost per prescription,
respectively. The total medicine cost per patient was calcu-
lated by summing up the total cost per prescription. The total
direct medical cost per mCRPC patient therefore included
outpatient clinic visits cost and cost of referral, inpatient
hospital admission cost, cost of treatment (main medicines
abiraterone plus prednisolone or enzalutamide), and cost of
supportive medicines.

For the analysis, patients were categorised into four
groups based on treatment regimens (abiraterone or enzalu-
tamide) and settings (indications) of the medicine (pre- and
post-chemotherapy). Descriptive statistics were obtained for
comparing the baseline characteristics. To address potential
bias due to observed confounding, we estimated propen-
sity scores using a logit model. Conditional probabilities
were predicted, and weights generated as the inverse of the
observed probability of receiving a particular treatment.
Balance between covariates after weighting was assessed.
Covariate selection for weight estimation was determined by
covariate measurement at baseline and its clinical relevance.
Key covariates included type of chemotherapy setting, age,
Charlson Comorbidity Index (CCI), and Scottish Index of
Multiple Deprivation (SIMD). In line with the clinical study,
age was categorised as less than and more than 75 years. The
CCI categorises comorbidities according to ICD-codes and
assigns associated weights from one to six [23, 24]. The CCI
score was re-categorised as 0, 1, and 2 or more; O indicates
no comorbidities, while a higher CCI score indicates severe
comorbidities. SIMD is a measure of deprivation consider-
ing seven criteria including income and health [25]. It is
measured in quintiles, ranging from 1 (most deprived quin-
tile) to 5 (least deprived quintile). Non-normal distribution
of costs and presence of excess zeroes were addressed using
two-part models [26]. The first part estimated the probability
of observing positive (non-zero) costs with a logit model

A\ Adis

for those cost components with zero cost observations. In
the second modelling part, costs were estimated conditional
on positive healthcare utilisation using generalised linear
models (GLMs) with a Gamma distribution and a log link.
The appropriate family and link were selected based on the
modified Park test and other tests [27]. Using the double-
robust method for propensity score adjustment, all models
were adjusted using inverse probability weighting as well as
all key covariates.

A sensitivity analysis was performed to explore the
impact of a patient access scheme (PAS) on the cost of treat-
ments. The PAS is a specified maximum price or a discount
that tracks any changes to the UK medicine list price and
enables the NHS to provide better access to innovative medi-
cines [28]. As the PAS discounts are confidential, we applied
hypothetical discounts of 25% and 50% on abiraterone and
enzalutamide prices, which were based on BNF unit costs.
Though abiraterone and prednisolone were grouped together,
the discount was applied only to the former. Note that hypo-
thetical PAS discounts do not imply anything about the range
or level of discounts applicable in practice. All analyses were
carried out in Stata version 15.0 (College Station, TX, US).

3 Results

Overall, 261 mCRPC patients commenced abiraterone (n
= 145) or enzalutamide (n = 116) (Table 2). More patients
had previously received a docetaxel-based chemotherapy
before commencing either of the treatment regimens (post-
chemotherapy setting, abiraterone n = 82; enzalutamide n =
74). Pre-chemotherapy patients were older on average. Most
patients had no comorbidities (CCI score of 0). More severe
comorbidities (CCI score of 2 or more) were observed for
pre-chemotherapy patients compared to post-chemotherapy
patients. The SIMD shows that the majority of pre-chem-
otherapy patients lived in the most deprived areas of Scot-
land, whilst the majority of post-chemotherapy patients lived
in the least deprived areas of Scotland. Pre-chemotherapy
patients also received greater median cycles of treatment
(number of times a patient gets prescribed abiraterone or
enzalutamide) compared to post-chemotherapy patients.
They were also on treatment for longer as shown by the
time to treatment discontinuation. Thus, the overall observed
follow-up was longer for pre-chemotherapy patients. During
the follow-up, patients in the abiraterone and enzalutamide
post-chemotherapy setting attended outpatient clinics more
frequently than those in pre-chemotherapy settings. The
number of inpatient hospital admissions and length of stay
were similar across all groups. Post-chemotherapy patients
had a slightly longer length of stay. A typical patient treat-
ment pathway featuring healthcare resource utilisation is
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Table 2 Patient characteristics, treatment details, and healthcare resource use

Abiraterone (n = 145)

Enzalutamide (n = 116)

Pre-chemo (n = 63) Post-chemo (n = 82)

Pre-chemo (n = 42) Post-chemo (n = 74)

Patient characteristics

Age, mean (SD), years 74.9 (8.1)
<75,n (%) 34 (54.0)
75+, n (%) 29 (46.0)

CClI score, n (%)

0 37 (58.7)
1 12 (19.0)
2 or more 14 (22.2)

SIMD quintiles, n (%)
1 (most deprived) 19 (30.2)
2 10 (15.9)
3 9 (14.3)
4 9 (14.3)
5 (Least deprived) 16 (25.4)
Unknown

Treatment details
Number of cycles: mean (SD); median (IQR) 10.8 (6.7);
11 (5-16)

Time to treatment discontinuation in months: mean 10.1 (7.1);
(SD); median (IQR) 10 (4.5-14.7)

Observed follow-up months: mean (SD); median 14.8 (7.6)

(IQR)
Healthcare resource use

Number of outpatient clinic visits: mean (SD); median 11.9 (9.4);
(IQR) 9 (5-17)
Most frequent specialties in outpatient clinic visits, n (%)

1.Clinical oncology 359 (47.8)
2.Medical oncology 255 (33.9)
3.0Ophthalmology 12 (1.6)
Number of inpatient hospital admissions: mean (SD); 6.5 (5.2);
median (IQR) 539
Length of stay: mean (SD); median (IQR) 5.2 (8.6);
2 (1-5)
Most frequent specialties in inpatient hospital admissions, n (%)
1.General medicine 88 (27.9)
2.Clinical oncology 47 (14.9)
3.Urology 30(9.5)

15.0 (11.3-16.4)

71.4 (7.4) 76.9 (6.0) 71.9 (8.5)
56 (68.3) 16 (38.1) 48 (64.9)

26 (31.7) 26 (61.9) 26 (35.1)
51(62.2) 24 (57.1) 53 (71.6)

15 (18.3) 8 (19.0) 8 (10.8)

16 (19.5) 10 (23.8) 13 (17.6)

22 (26.8) 15 (35.7) 16 21.6)

10 (12.2) 5(11.9) 13 (17.6)

10 (12.2) 7(16.7) 10 (13.5)

12 (14.6) 8 (19.0) 9(12.2)

27 (32.9) 7(16.7) 23 31.1)
1(1.2) 3(4.1)

10.9 (9.4); 122 (9.7); 9.8 (8.6);

8.5 (4-14) 11 (4-18) 7 (3-15)

9.3 (9); 10.7 (9.3); 8.6 (8.4)

6.7 (2.7-12.9) 10 3.1-16.5) 57 (2.2-14.5)
13.0 (10.5) 14.1 (9.4) 14.6 (10.6)

10.7 (4.5-18.3) 15.6 (4.7-20.4) 12.6 (5.3-22.6)

14.7 (10.2); 8.7 (6.7); 11.5 (9.0);
13 (7-21) 7 (4-12) 10 (5-16)
750 (63.7) 125 (36.0) 484 (57.8)
295 (25.1) 132 (38.0) 264 (31.5)
25 2.1) 13 (3.8) 16 (1.9)
6.3 (5.5); 5.1 (4.7); 6.2 (4.8);
5(3-7) 4 (2-5) 5(3-8)
6.9 (9.7); 5.9 (9.0); 6.3 (11.0);
3(1-8) 2 (1-5) 2(1-7)
144 (31.1) 51(30.2) 150 (34.3)
60 (13.0) 9(5.3) 84 (9.2)
76 (16.4) 22 (13.0) 21 (4.8)

CCI Charlson Comorbidity Index, IQR interquartile range, SIMD Scottish Index of Multiple Deprivation

available as supplementary information (see the electronic
supplementary material, online resource Figure S1).

The estimated total mean direct medical costs of mCRPC
patients treated with abiraterone and enzalutamide were very
similar (Table 3). The total mean cost for abiraterone and
enzalutamide patients was £53,808 (95% confidence interval
[CI] 47,377-60,239) and £55,652 (95% CI 48,019-63,285),
respectively. These costs are estimated for the entire period
between index and censor date and not annualised. GLM
regression results for total mean direct medical cost (see

the electronic supplementary material, online resource
Table S2) showed that post-chemotherapy patients had lower
total mean costs compared to pre-chemotherapy patients.
Also, patients older than 75 years had lower costs than their
younger counterparts. Both associations were not statisti-
cally significant. Patients with a higher CCI score (1 and
2 or more) incurred lower total mean costs than those with
a score of 0. Only the association between a CCI score of
2 or more and total mean costs was statistically significant
(p < 0.05). Patients in an SIMD quintile greater than 1 had
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higher total mean costs; however, this association was only
statistically significant for patients living in SIMD quintile
4 (p < 0.05). The GLM regression results for total cost and
individual cost components based on treatment regimen
are available in the supplementary online resource (see the
electronic supplementary material, online resource Table S3
and S4).

When the total mean direct medical cost is categorised
according to treatment regimens and type of chemotherapy
settings (Table 3), the cost remains very similar. Patients
who had abiraterone or enzalutamide treatments pre-chem-
otherapy had a slightly higher cost. However, after treat-
ment discontinuation, post-chemotherapy patients incurred
almost double the total direct medical cost. Regarding rela-
tive contribution to the total mean direct medical costs, the
treatment costs were found to be the main contributor, fol-
lowed by inpatient hospital admissions, outpatient clinic
visits, and supportive medicines (Figure 1). The total mean
cost of treatment was greater for patients belonging to pre-
chemotherapy settings. Conversely, the total mean costs of
outpatient clinic visits, inpatient hospital admissions, and
supportive medicines for post-chemotherapy patients in both
treatment groups were higher compared to those for pre-
chemotherapy patients.

Our sensitivity analysis (Table 4), where PAS discounts
were applied to abiraterone and enzalutamide prices,
revealed similar results as the main analysis, with the differ-
ence in costs between the four groups being minimal. With
a 25% discount, post-chemotherapy abiraterone patients and
pre-chemotherapy enzalutamide patients incurred higher
costs compared to their counterparts. With a 50% discount,
both post-chemotherapy abiraterone and enzalutamide
patients had higher total costs (Fig. 2). All cost estimates
remained above £30,000 per patient.

4 Discussion

Our evidence showed that the estimated total mean direct
medical costs of treating mCRPC patients, in whom chemo-
therapy is not yet indicated (pre-chemotherapy) or who had
previously received docetaxel-based chemotherapy (post-
chemotherapy), with abiraterone or enzalutamide were
similar, albeit with wide and overlapping CIs. The costs
were not driven by choice of treatment regimens, but treat-
ment settings (indications) and related healthcare resource
utilisation.

The breakdown of cost into components demonstrated
that the treatment costs itself contributed most to the total

Table 3 Total mean direct medical costs (£) of mCRPC patients treated with abiraterone or enzalutamide

Abiraterone cost (£) (95% CI)

Enzalutamide cost (£) (95% CI)

Total mean direct medical cost’ of 53,808
mCRPC patients, according to treat- (47,377-60,239)
ment regimens
Pre-chemo
Mean (95% CI)

Total mean direct medical cost” of
mCRPC patients, according to treat-
ment regimens and types

Total mean direct medical cost™ of

mCRPC patient, after treatment
discontinuation

5986 (3217-8756)

Total mean cost of healthcare resource use components®
1419 (1128-1709)
13,176 (8218-18,133)

Outpatient clinic visits
Inpatient hospital admissions

one + prednisolone or enzaluta-
mide)

Supportive medicines* 54 (15-93)

Post-chemo
Mean (95% CI)
54,815 (44,963-64,667) 53,394 (44,792-61,995) 56,907 (43,617-70,197)

10,548 (6985-14,111)

1603 (1332-1 874)
18,071 (13,626-22,517)
Treatment (main medicines abirater- 40,606 (32,973-48,238) 33,402 (27,058-39,747) 44,080 (30,483-57,677)

216 (141-291)

55,652
(48,019-63,285)

Post-chemo
Mean (95% CI)
54,919 (45,854-63,984)

Pre-chemo
Mean (95% CI)

5576 (2938-8214)

10,330 (7090-13,569)

977 (717-1237)
12,170 (7513-16,827)

1252 (1018-1486)
17,557 (13,830-21,284)
36,010 (27,634-44,387)

46 (27 to 119) 64 (15-113)

CI confidence interval, mCRPC metastatic castration-resistant prostate cancer

All mean costs represent computed predictions from generalised linear models and not arithmetic means. All costs were in pounds sterling,

reflecting 2018 prices

"Total mean direct medical cost per patient included the following: outpatient clinic visits cost and cost of referral; inpatient hospital admissions
costs; treatment cost (main medicines abiraterone plus prednisolone or enzalutamide); and cost of supportive medicines. All abiraterone patients
were prescribed prednisolone. Unit cost of prednisolone is very minimal compared to abiraterone

$Cost components apart from treatment costs obtained from two-part model

Supportive medicines include any other medicine prescribed to the patients along with the main medicines
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: Treatment (abiraterone + prednisolone or enzalutamide)
:Inpatient hospital admissions
11 Qutpatient clinic visits
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Regimen, Type

Fig. 1 Contribution of resource use components to the total mean direct medical costs. Abi abiraterone, Enza enzalutamide, Post-C post-chemo-

therapy, Pre-C pre-chemotherapy

Table 4 Total mean direct medical costs (£) after application of 25% and 50% hypothetical discounts on treatment costs to imitate patient access

schemes
Discount Abiraterone (£) (95% CI) Enzalutamide (£) (95% CI)
25% 44,758 (39,373-50,144) 45,972 (39,916-52,027)
50% 35,730 (31,278-40,182) 36,276 (31,677-40,874)
Pre-chemo Post-chemo Pre-chemo Post-chemo
25% 44,745 (36,454-53,036) 45,040 (37,781-52,300) 45,962 (35,607-56,318) 45,904 (38,664-53,144)
50% 34,695 (27,813-41,577) 36,680 (30,649-42,712) 35,039 (27,354-42,723) 36,883 (31,307-42,458)

CI confidence interval

All mean costs represent computed predictions from generalised linear models and not arithmetic means

mean direct medical costs, followed by inpatient hospital
admissions, outpatient clinic visits and supportive medi-
cines. In our study, pre-chemotherapy patients had higher
treatment costs as these patients had a greater number of
treatment cycles and a longer time to treatment discontinua-
tion, irrespective of their treatment regimen. They also had a

longer observed follow-up. However, these patients had rela-
tively lower resource utilisation and costs of other health-
care components (outpatient clinic visits, inpatient hospital
admissions, supportive medicines). Instead, we observed
that post-chemotherapy patients in both treatment regimens
had higher resource utilisation. Relatedly, the findings from
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Fig.2 Comparison of total cost (£) according to treatment regimens and medicine settings after application of 25% and 50% hypothetical dis-

counts on treatment costs to imitate patient access schemes (PAS)

our clinical paper [14] showed that post-chemotherapy
patients had lower median overall survival [abiraterone 10.8
months (95% CI 8.6-15.1); enzalutamide 12.6 months (95%
CI 10.5-18.2)] than pre-chemotherapy patients [abiraterone
20.9 months (95% CI 14.9-29); enzalutamide 16 months
(95% C1 9.8 to ‘not reported’)]. Though these patients had
shorter durations on either abiraterone or enzalutamide, as
reflected by lower treatment costs, they could have sought
medical help frequently due to their deteriorating health.
Indeed, they had a consistently greater number of outpatient
clinic visits and inpatient hospital admissions with slightly
longer length of stay throughout, and also utilised more sup-
portive medicines. Moreover, post-chemotherapy patients
continued to incur almost double the total mean direct medi-
cal costs compared to pre-chemotherapy patients after treat-
ment discontinuation despite there being a short time until
censor date. This increased accrual of costs could also be
attributed to potential excess resource use during hospital
admission at the end of life.

Overall, pre-chemotherapy patients still incurred the
highest total mean direct medical costs, albeit very similar
between the two treatment regimens. Here, the costs associ-
ated with other resource use components did not offset the
difference in treatment cost—thus, revealing the expensive
nature of both treatments. Therefore, this explains similar
overall total costs between both treatment regimens, for
which our clinical paper [14] also estimated similar median
overall survival [abiraterone patients 14.6 months (95% CI
12.3-17.0); enzalutamide patients 14.0 months (95% CI
11.5-18.2)].

Sensitivity analysis validates our findings as total mean
direct medical costs between the groups were very similar.
The costs were still similar even when it flipped in favour
of other settings in some scenarios. The analysis further
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establishes that choice of mCRPC treatment regimen does
not sufficiently explain the differences in total mean direct
medical cost between the groups. It showcases the expensive
nature of abiraterone and enzalutamide even when PAS were
applied.

There were a handful of studies based on real-world data
with which we could compare our results. The treatment
stratification in these studies differed: one focused only
on abiraterone patients [9], none focused on enzalutamide
patients exclusively, and four focused on both treatments [8,
10-12]. The studies also varied in their focus of settings:
three included only pre-chemotherapy setting [10-12] and
two included both pre- and post-chemotherapy settings [8,
9]. In most studies including both treatments, patients were
frequently prescribed abiraterone [8, 10-12]. This pattern
was observed in our study as well. The majority of stud-
ies conclude that the total healthcare costs of abiraterone
and enzalutamide patients did not differ much [8, 10, 12].
One claims that total cost was lower for enzalutamide-treated
patients than for abiraterone-treated patients [11]. Regard-
ing the drivers of total costs of treating mCRPC patients,
available literature features result similar to our cost compo-
nents. Treatment costs (drug cost) itself were a major driver
of total costs [8, 9]. Even though abiraterone patients were
prescribed prednisone concurrently, pharmacy costs were
lower for them compared to enzalutamide patients [8, 10].
This was true in case of our results. Contrastingly, a study
observed enzalutamide patients to have lower medical/phar-
macy costs [11]. Treatment duration was longer for enzaluta-
mide patients [10], whilst in our study, we had similar treat-
ment durations between the groups. We also observed that
the majority of our patients utilised supportive medicines [8,
10]. Additionally, the studies showed enzalutamide patients
to have lower costs associated with inpatient admissions,
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including emergency department visits, and outpatient vis-
its compared with those for abiraterone patients [10, 11].
Our cost components show similar results. Any comparison
between the studies must be interpreted cautiously as the
studies’ populations comprised different treatment stratifi-
cations, settings (indications), and distinct characteristics.
Moreover, some costs were observed on a monthly/yearly
basis and only included pharmacy costs.

This is the first study using real-world evidence that dis-
tinctly includes both pre- and post-chemotherapy patients
in the UK and captures their healthcare resource utilisations
during the treatment period and after treatment discontinu-
ation. It has demonstrated the value of routine linked health
data in evaluating new treatments by capturing a broader
population than clinical trials and presenting information
that goes beyond the end of the treatment period. Our results
highlight the expensive nature of both abiraterone and enza-
lutamide through the main results and hypothetical PAS dis-
count to shed light on the burden of mCRPC on the provider,
i.e. the NHS. It should be noted that abiraterone and enzalu-
tamide are recommended by the NICE in accordance with
the commercial access arrangement.

There are some limitations to our analysis. As men-
tioned, our small sample size can be attributed to the timing
of abiraterone and enzalutamide approval in Scotland and
data availability for appropriate follow-up [14]. Neverthe-
less, we have included all patients who started either of the
treatments between February 2012 and December 2015 in
GG and C area. There was an imbalance in the number of
patients in all four groups, due to earlier HTA acceptance
of abiraterone, particularly for post-chemotherapy patients
[3-6], which led to more mCRPC patients being prescribed
abiraterone. Data related to key clinical variables such as
Gleason score may have added more granularity to our anal-
ysis, but was not available for all patients. Per diem costing
assumes that the cost for the first day in hospital is equal to
any subsequent days [22]. However, this is likely to have a
negligible impact on our results. Low-cost medicines pre-
scribed in the community were not included and would be
unlikely to change our results. The analysis maybe subject
to some residual and unobserved confounding. GLM results
feature wide Cls for the covariates, which indicates that the
sample size was too small. The estimated total costs also
presented very wide and overlapping CIs.

In conclusion, direct medical costs for mCRPC patients
treated with abiraterone or enzalutamide are similar. Our
study provides an understanding of mCRPC in routine care
and has the potential to supplement future resource alloca-
tion decisions aimed at improving efficiency. Future studies
should focus on economic evaluations, such as cost-effec-
tiveness analyses, using real-world evidence. Studies that
further explore factors such as drug wastage, adherence,

toxicity, adverse events, and additional factors that can con-
tribute to better patient management are warranted.
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