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Background: Abiraterone and enzalutamide are widely used as first-line treatment for
metastatic castration-resistant prostate cancer (MCRPC); however, their efficacy in
MCRPC has been inconsistently demonstrated in other outcome studies from real-
world databases. The aim of our study was to assess the comparative effectiveness of
abiraterone and enzalutamide in patients with mCRPC using real-world data from Taiwan.

Methods: This retrospective cohort population-based study included patients identified
in the Taiwan National Health Insurance Research Database who had been diagnosed
with mCRPC and who had taken abiraterone or enzalutamide between December 2014
and August 2017. The study’s outcome evaluated the differences in overall survival (OS)
and time to treatment failure (TTF) between abiraterone and enzalutamide over a 15-
month follow-up period. The patients were followed from the index date to when the
outcome occurred, to December 31, 2018, or to the patients’ withdrawal from the
National Health Insurance program. The estimated relative treatment effects of abiraterone
and enzalutamide on OS and TTF were adjusted by the inverse probability of treatment
weighting (IPTW) using the Kaplan—Meier method and a Cox proportional hazards model.

Results: The abiraterone and enzalutamide groups consisted of 1,046 and 118 patients,
respectively. After IPTW adjustment, 1,164 patients in the abiraterone group and 1,158 in
the enzalutamide group underwent an outcome evaluation. Enzalutamide showed a
similar OS rate to that of abiraterone (57.58% vs. 49.51%, p = 0.095 by log-rank test).
Enzalutamide significantly reduced the risk of death for mCRPC when compared with
abiraterone [adjusted hazard ratio (aHR), 0.828; 95% CI 0.731-0.938]. However, similar
results were not observed in the TTF outcomes (63.84% vs. 67.79%, p = 0.2651 by log-
rank test; aHR, 0.902; 95% CI 0.812-1.002).
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Conclusion: In conclusion, enzalutamide was associated with better OS for mMCRPC than
abiraterone in the Taiwan population. Our study showed that there was no statistically
significant difference in TTF between enzalutamide and abiraterone. Studies with longer
surveillance of enzalutamide and abiraterone using real-world databases are needed.

Keywords: castration-resistant prostate cancer, hormone therapy, abiraterone, enzalutamide, real-world data,

comparative effectiveness

INTRODUCTION

Prostate cancer is the second most common cancer in men
worldwide (1). In Taiwan, the cancer registry data indicated that
prostate cancer ranked fifth in terms of incidence among cancers
for men in 2018, with a mortality rate of 11.49 per 100,000
inhabitants (2). Generally, androgen deprivation therapy (ADT)
is the first-line treatment for men with advanced prostate cancer.
However, most patients eventually progress to castration-resistant
prostate cancer (CRPC). According to the results of a systematic
review, 10%-20% of patients with prostate cancer progressed to
CRPC within 5 years. Metastatic CRPC (mCRPC) accounts for
approximately 84% of such cases (3). Before 2001, most medical
treatments for mCRPC were either the continuous use of ADT or
docetaxel as chemotherapy. Recently, several international clinical
trials have established the therapeutic efficacy of second-
generation hormone therapy in prostate cancer, including
abiraterone as an androgen synthesis inhibitor and enzalutamide
as an androgen receptor (AR) antagonist. The favorable clinical
activity of abiraterone and enzalutamide was established in phase
III trials in men with mCRPC, and both drugs have been shown to
improve OS in men who had been previously treated with
docetaxel (4, 5) and in those who were chemotherapy naive (6,
7). Based on the results of these clinical trials, abiraterone and
enzalutamide have become the preferred approach and are widely
used as first-line treatment for mCRPC. In Taiwan, abiraterone
and enzalutamide were introduced in 2012 and 2015, respectively,
for treating mCRPC.

To date, no clinical trial has performed a direct treatment
efficacy comparison between abiraterone and enzalutamide;
however, there have been a number of studies indirectly
comparing the treatments for mCRPC (8). Several retrospective
studies have also compared the effectiveness of abiraterone and
enzalutamide in real-world settings; however, their efficacy in
mCRPC has been inconsistently demonstrated in other outcome
studies from real-world databases (9, 10). A number of the studies
showed that the two drugs were comparable in survival outcomes
(11-13), while others indicated that enzalutamide was the
preferable option (8, 14). In addition to the inconsistent results,
several studies have indicated cross-resistance between abiraterone
and enzalutamide (15, 16). Taiwan’s National Health Insurance
(NHI) requires that these two drugs must not be interchanged.
Consequently, determining which of the drugs should be
considered the first choice when treating mCRPC is important.
However, information on the effectiveness of the two drugs in
Taiwanese patients is still inadequate. The present study therefore
employed the NHI Research Database (NHIRD) to evaluate the

comparative effectiveness of abiraterone and enzalutamide in
patients with mCRPC in Taiwan.

MATERIALS AND METHODS

Data Source

This is a population-based retrospective cohort study that
analyzed data from the NHIRD provided by the Ministry of
Health and Welfare in Taiwan. The NHIRD contains encrypted
data on outpatient care claims, hospital inpatient care,
ambulatory care, dental services, and prescription drug records.
Taiwan’s NHI program was launched as a single-payer system on
March 1, 1995, and has enrolled over 99.9% of Taiwan’s
population. The study used the medical records of the full
population database from January 2011 to December 2018.
The study was conducted according to the Declaration of
Helsinki and was approved by the Institutional Review Board
of Kaohsiung Medical University Hospital (Research Ethics
Committee No. KMUHIRB-E(II)-20210108), which waived the
requirement for written informed consent.

Patients

We identified patients aged older than 20 years who had an
inpatient or outpatient first diagnosis of prostate cancer
[International Classification of Diseases - Clinical Modification
(ICD-9-CM) code 185 or ICD-10-CM C61] between 2014 and
2017. The population with prostate cancer who were initially
prescribed abiraterone or enzalutamide between December 1,
2014, and August 31, 2017, were identified. The index date was
defined as the first date one of the two study drugs was
prescribed. Since the regulation of the NHI payment guideline
in Taiwan, abiraterone and enzalutamide could only be indicated
for patients with mCRPC with an Eastern Cooperative Oncology
Group score <2. The NHI policy also required that the
administration of abiraterone or enzalutamide be approved
through pre-examination, which had to be reviewed every 3
months. When applying for the pre-examination, several
documents need to be attached. Taiwan’s insurance program
restricts the use of abiraterone and enzalutamide, a situation
conducive to verifying the study’s target population. We
excluded patients with some other cancer diagnosed in the
year prior to the index date or who had been prescribed both
abiraterone and enzalutamide at the index date. Patients with
CRPC in this study cohort were divided into two treatment
groups according to their first prescription of abiraterone
or enzalutamide.
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Outcomes Measured

The effectiveness outcomes were overall survival (OS) and time to
treatment failure (TTF). The follow-up period for OS was
estimated from the index date to the date of death or censoring,
whichever occurred first. Censoring was defined as the end date of
follow-up or the date on which the patients switched from
abiraterone to enzalutamide (and vice versa) within a 60-day
period. The follow-up period for TTF was calculated from the
index date to the date of treatment failure or censoring, whichever
occurred first. The treatment failure events included the
discontinuation of abiraterone or enzalutamide for any reason
over the 60-day period, the addition of other treatments for
prostate cancer, newly diagnosed metastatic cancer, and prostate
cancer-related death. The definition of other treatments for
prostate cancer was the addition of chemotherapy (docetaxel or
mitoxantrone), ketoconazole, or ADT therapy that included
antiandrogens, estrogens, or antiandrogen withdrawal. Patients
who switched from abiraterone to enzalutamide (and vice versa)
within the 60-day period or who died from other causes were
censored. The condition of discontinuation in the NHI payment
regulation was defined as not achieving a 50% decrease in prostate-
specific antigen (PSA) levels or an increase in PSA levels >50%
from the nadir in the following pre-examination, which could be
referred to as PSA response and PSA progression (defined by the
Prostate Cancer Clinical Trials Working Group), respectively. All
eligible patients were followed from the index date to the first
occurrence of the event; the end of the 15-month follow-up;
December 31, 2018; or their withdrawal from the NHI program,
whichever came first.

Data Collection

We extracted the following study variables from the database: age,
age group (45-64, 65-84, 285 years), previous treatments (none,
radical prostatectomy/radiation therapy only, hormone only, and
hormone plus radical prostatectomy/radiation therapy),
metastasis sites (no bone/viscera, bone, viscera, bone/viscera),
ADT duration, Charlson Comorbidity Index score (<7 or >7),
and comorbidities. The ADT duration was calculated from the
first record of orchiectomy or medical castration to the index date.
The patients were stratified into two groups according to ADT
duration <12 and >12 months. Comorbidities were defined as at
least two outpatient care visit records or one inpatient diagnosis
record in the year prior to the index date. The ICD codes used for
the comorbidities are listed in Supplementary Table S2.

Statistical Analysis
The descriptive statistics are presented as mean + standard
deviation and median with interquartile range (IQR) for the
continuous variables, while numbers and percentages were
employed for the categorical variables. The standardized mean
difference (SMD) was used for the categorical and continuous
variables to explore the differences in baseline characteristics
between the abiraterone and enzalutamide groups.

To decrease the probable selection bias among the abiraterone
and enzalutamide therapies, we performed inverse probability of
treatment weighting (IPTW) for the OS and TTF estimates (17).

The propensity score calculated by logistic regression was created
to adjust the baseline differences. The selection of covariates
included in the propensity model was based on the potential
prognostic baseline factors for the efficacy outcome when
reviewing related studies. The covariates included in this model
were age group, metastasis site, previous ADT, and number of
docetaxel cycles previously undergone. After performing the
IPTW method based on the propensity score, all of the results
were analyzed with the reweighted population. The weighted
approach ensured that the patients would not be excluded and
mimicked a pseudo-population to reflect the baseline
characteristics of the whole population.

Kaplan-Meier curves with the log-rank test were used to
estimate the OS, TTF, and differences between the two groups.
We performed a Cox proportional hazards regression to estimate
the hazard ratio (HR) and 95% confidence interval (CI) in the
univariate and multivariable analyses. The characteristics used
for the adjustment included age group, metastasis site, previous
treatment for prostate cancer, and docetaxel cycles. We used SAS
9.4 software (SAS Institute Inc., Cary, NC, USA) to perform all of
the data analysis for the study. An SMD <0.10 indicated an
acceptable baseline balance between the study groups. A two-
sided p-value <0.05 was considered statistically significant.

Sensitivity Analysis

Based on the results of clinical trials on abiraterone and
enzalutamide, a 15-month follow-up might not be long enough
to observe the survival outcome due to the database’s limitations.
The follow-up was therefore extended in the sensitivity analysis.
The outcome analyses of the 24-month follow-up were also
reported in the study.

RESULTS

Patient Characteristics

Opverall, we identified 1,379 patients diagnosed with prostate cancer
and with at least one prescription of abiraterone or enzalutamide
from December 1, 2014, to August 31, 2017. All candidates were 20
years of age or older at the index date. After excluding the patients
diagnosed with another cancer in the year prior to the index date
(n = 215) and those prescribed both abiraterone and enzalutamide
at the index date (n = 0), the study population consisted of 1,164
patients, with 1,046 in the abiraterone group and 118 in the
enzalutamide group (Supplementary Figure S1).

Table 1 lists the study population’s baseline characteristics.
The mean/median age was 72.77/73 and 72.10/72 years for the
abiraterone and enzalutamide groups, respectively, with no
statistically significant differences in mean age between the
groups; however, there was a statistically significant difference
in the distribution of the age groups. There were also significant
differences in the distribution of the metastasis site, previous
prostate cancer treatment, docetaxel cycles, and ADT duration.
The abiraterone group had undergone more docetaxel cycles
before the index date and had a significantly longer ADT
duration. As for comorbidities, the enzalutamide group had a
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TABLE 1 | Baseline characteristics.

N %

N
Total 1,164 1,046
Age (years)
Mean (+ SD) 72.71 8.74 7277
45-64 234 20.10 216
65-84 837 71.91 744
>85 93 7.99 86
Metastasis site
No boney/visceral 504 43.30 456
Bone metastasis 512 43.99 458
Visceral metastasis 41 3.52 33
Bone + visceral 107 9.19 99
Previous treatment
None 5 0.43 5
RP/RT only 1 0.09 1
Hormone only 851 73.11 758
Hormone + RP/RT 307 26.37 282
Docetaxel cycles
0 26 2.23 20
1-7 424 36.43 376
>8 714 61.34 650
ADT duration
<12 months 77 6.62 66
>12 months 1,087 93.38 980
CCl score
<7 415 35.65 376
>7 749 64.35 670
Comorbidity
Hypertension 608 52.23 541
Dyslipidemia 239 20.53 200
Diabetes mellitus 275 23.63 246
Liver disease 98 8.42 89
Stroke 62 5.33 62
Coronary artery disease 172 14.78 154
Congestive heart failure 52 4.47 46
Chronic kidney disease 106 9.1 97
COPD 93 7.99 86

Abiraterone Enzalutamide SMD
% N %
118
8.79 721 8.29 0.08
20.65 18 15.25 0.14
7113 93 78.81 0.18
8.22 7 5.93 0.09
43.59 48 40.68 0.06
43.79 54 45.76 0.04
3.15 8 6.78 0.17
9.46 8 6.78 0.10
0.48 0 0 -
0.10 0 0 -
72.47 93 78.81 0.15
26.96 25 21.19 0.14
1.91 6 5.08 0.17
35.95 48 40.68 0.10
62.14 64 54.24 0.16
6.31 11 9.32 0.12
93.69 107 90.62
35.95 39 33.05 0.06
64.05 79 66.95
51.72 67 56.78 0.10
19.12 39 33.05 0.32
23.52 29 24.58 0.02
8.51 9 7.63 0.03
5.93 0 0 -
14.72 18 15.25 0.01
4.40 6 5.08 0.03
9.27 9 7.63 0.06
8.22 7 5.93 0.09

SMD, standard mean difference; SD, standard deviation; RP, radical prostatectomy, RT, radiation therapy; ADT, androgen deprivation therapy,; CCI, Charlson Comorbidity Index;

COPD, chronic obstructive pulmonary disease.

significantly higher rate of hypertension and dyslipidemia. There
were significant intergroup differences in the distribution of
diabetes mellitus, liver disease, coronary artery disease, chronic
heart failure, chronic kidney disease, and chronic obstructive
pulmonary disease. There was also no statistically significant
difference in the distribution of the Charlson Comorbidity Index
scores. The population’s baseline characteristics after IPTW are
shown in Supplementary Table S1.

Overall Survival

There were 694 and 71 deaths within the 15-month follow-up in the
abiraterone and enzalutamide groups, respectively. The OS rate at
15 months was 49.58% and 55.88% for the abiraterone and
enzalutamide groups, respectively. The median follow-up was
14.43 and 15 months for the abiraterone and enzalutamide
groups, respectively. The OS curve is presented in Supplementary
Figure S2. After applying IPTW, the OS rate at 15 months was
49.51% and 57.58% for the abiraterone and enzalutamide groups,
respectively. There was no significant difference in OS with a

15-month follow-up between the two groups (p = 0.095 by log-
rank test) (Figure 1).

Table 2 shows the results of the univariate and multivariable
analyses after performing IPTW. The univariate analysis showed
that the enzalutamide group had a lower mortality risk than the
abiraterone group (crude HR, 0.769, 95% CI 0.681-0.869, p <
0.0001). The results of the multivariable analysis showed that the
survival effectiveness of enzalutamide was superior to that of
abiraterone (adjusted HR, 0.828, 95% CI 0.731-0.938, p = 0.003),
which was consistent with the result of the univariate analysis.
The results of the multivariate analysis also showed that older
age, metastasis site, ADT duration, dyslipidemia, diabetes
mellitus, and liver disease were risk factors related to mortality
in mCRPC treated with second-generation hormone therapy.

Time to Treatment Failure

There were 694 and 71 treatment failure events in the abiraterone
and enzalutamide groups, respectively. The 15-month treatment
failure rate was 67.81% and 65.21% for the abiraterone and
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enzalutamide groups, respectively. The median TTF was 9.07
and 9.90 months for the abiraterone and enzalutamide groups,
respectively, with no significant difference between the two
groups (p = 0.4416 by log-rank test) (Supplementary Figure
§3). After the IPTW adjustment, the 15-month treatment failure
rate was 67.79% and 63.84% for the abiraterone and
enzalutamide groups, respectively. The median TTF was 9.07
and 11.13 months for the abiraterone and enzalutamide groups,
respectively (Figure 2). A similar treatment effect was observed
between the abiraterone and enzalutamide groups (p = 0.2651 by
log-rank test). Table 3 shows the results of the univariate and
multivariable analyses after performing the IPTW. In the
univariate analysis, the enzalutamide group had a lower risk of
treatment failure than the abiraterone group (crude HR, 0.863,
95% CI 0.778-0.956, p = 0.005). However, the results of the
multivariable analysis showed no significant intergroup
difference (adjusted HR, 0.902, 95% CI 0.812-1.002, p =
0.0551). The multivariate analysis indicated that metastasis site,
ADT duration (adjusted HR, 0.557, 95% CI 0.452-0.688, p <
0.0001), and diabetes mellitus (adjusted HR, 1.230, 95% CI
1.091-1.386, p = 0.0007) were factors associated with
treatment failure.

Sensitivity Analyses

Follow-Up of 24 Months

The median OS was 14.73 and 17.73 months for the abiraterone and
enzalutamide groups, respectively (Supplementary Figure S4).
The survival time was significantly longer for the enzalutamide
group (p = 0.0295 by log-rank test), with a 24-month survival rate of
31.22% and 47.23% for the abiraterone and enzalutamide groups,
respectively. After applying the IPTW, the median OS was 14.73
and 18.80 months for the abiraterone and enzalutamide groups,
respectively (Supplementary Figure S5). The enzalutamide group
had a significantly longer survival time than the abiraterone group
with a 24-month follow-up (p = 0.0169 by log-rank test). The

FIGURE 1 | Overall survival of abiraterone and enzalutamide in the 15-month follow-up period after applying IPTW.

24-month survival rate was 31.15% and 47.71% for the abiraterone
and enzalutamide groups, respectively.

DISCUSSION

This study evaluated the comparative effectiveness of abiraterone
and enzalutamide in patients with mCRPC by analyzing data
obtained from the NHIRD in Taiwan. From the OS results,
enzalutamide was associated with better OS for mCRPC than
abiraterone in the Taiwan population. However, the TTF outcome
revealed that there was no significant difference between the
effectiveness of these two agents when treating mCRPC.

From the study’s main outcome, there were several mechanisms
that might explain the superior effectiveness of enzalutamide over
abiraterone. First, abiraterone is a CYP17 inhibitor that can block
androgen synthesis by inhibiting the enzymes required for androgen
biosynthesis. Unlike abiraterone, enzalutamide is a potent
competitor for androgen binding to AR and can inhibit multiple
steps in the AR signaling pathway, including nuclear translocation,
androgen-mediated DNA binding, and coactivator recruitment
(18). Second, a number of studies have shown that serum
testosterone levels and the testosterone “bounce” phenomenon
can predict the response to enzalutamide and abiraterone in
CRPC. Although current evidence shows that enzalutamide has a
higher rate of testosterone bounce than abiraterone, it does not
show any difference in PSA progression-free survival (PES) or OS
between enzalutamide and abiraterone (19). Lastly, mutations
within the AR ligand-binding domain in the prostate cancer cell
line LNCaP constitute a common mechanism by which androgen
withdrawal experiences resistance. A review of second-generation
antiandrogens and studies (20) showed that clinically relevant
mutations of AR (L702H, H875Y, T878A, T877A, F877L, and
W741C) are resistant to flutamide and bicalutamide and that
enzalutamide is still sensitive to mCRPC cells with T877A and
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TABLE 2 | Cox proportional hazards model for overall survival after IPTW.

N Number of deaths (%) Univariate analysis Multivariate analysis
Crude HR 95% CI p-value Adjusted HR 95% CI p-value

Group

Abiraterone 1,164 580 (49.83)

Enzalutamide 1,158 459 (39.64) 0.769 0.681-0.869 <0.0001 0.828 0.731-0.938 0.003
Age (years)

45-64 467 199 (42.61)

65-84 1,655 746 (45.08) 1.064 0.902-1.255 0.4652 1.012 0.856-1.196 0.8868

>85 199 108 (54.16) 1.355 1.071-1.714 0.0112 1.422 1.111-1.819 0.0052
Metastasis site

No bone/visceral 1,027 363 (35.32)

Bone metastasis 1,018 515 (50.61) 1.680 1.469-1.922 <0.0001 1.345 1.050-1.723 0.0188

Visceral metastasis 83 49 (59.88) 2.306 1.713-3.105 <0.0001 2.051 1.429-2.944 <0.0001

Bone + visceral 194 126 (64.79) 2.988 2.438-3.663 <0.0001 2178 1.618-2.931 <0.0001
Previous ADT

No 6 4 (66.67)

Yes 2,316 1,049 (45.29) 0.564 0.211-1.504 0.2523 1.168 0.425-3.21 0.7631
Docetaxel cycles

0 53 36 (66.74)

1-7 849 409 (48.13) 0.544 0.387-0.767 0.0005 0.883 0.607-1.285 0.5161

>8 1,420 609 (42.9) 0.430 0.307-0.602 <0.0001 0.719 0.496-1.041 0.0807
ADT duration

<12 months 157 117 (74.85)

>12 months 2,165 1,338 (61.77) 0.456 0.372-0.56 <0.0001 0.521 0.414-0.655 <0.0001
CCl score

<7 850 485 (57.01)

>7 1,472 970 (65.91) 1.835 1.603-2.101 <0.0001 1.259 0.973-1.629 0.0794
Comorbidity

Hypertension 1,221 541 (44.34) 0.951 0.842-1.073 0.4119

Dyslipidemia 595 230 (38.71) 0.768 0.663-0.888 0.0004 0.720 0.617-0.841 <0.0001

Diabetes mellitus 545 281 (51.51) 1.237 1.079-1.418 0.0023 1.337 1.155-1.548 <0.0001

Liver disease 199 103 (51.64) 1.324 1.081-1.623 0.0068 1.249 1.016-1.535 0.0346

Stroke 69 35 (49.78) 1.103 0.786-1.549 0.5705

Coronary artery disease 328 139 (42.44) 0.908 0.76-1.085 0.2887

Congestive heart failure 100 42 (42.66) 0.928 0.683-1.262 0.6352

Chronic kidney disease 193 105 (54.03) 1.369 1.119-1.676 0.0023 1.173 0.949-1.450 0.1394

COPD 165 68 (41.52) 0.912 0.713-1.165 0.4589

HR, hazard ratio; Cl, confidence interval; ADT, androgen deprivation therapy; CCI, Charlson Comorbidity Index.

1.0 Logrank p=0.2651

4
©
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FIGURE 2 | Time to treatment failure of abiraterone and enzalutamide in the 15-month follow-up period after applying IPTW.
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TABLE 3 | Cox proportional hazards model for time to treatment failure after IPTW.

N Number of events (%) Univariate analysis Multivariate analysis
Crude HR 95% CI p-value Adjusted HR 95% CI p-value

Group

Abiraterone 1,164 771 (66.24)

Enzalutamide 1,158 678 (58.55) 0.863 0.778-0.956 0.005 0.902 0.812-1.002 0.0551
Age (years)

45-64 467 282 (60.43)

65-84 1,655 1,072 (64.74) 1.043 0.909-1.196 0.551 1.007 0.876-1.158 0.9195

>85 199 101 (50.53) 0.724 0.579-0.907 0.0049 0.813 0.645-1.024 0.0790
Metastasis site

No bone/visceral 1,027 596 (58.06)

Bone metastasis 1,018 675 (66.25) 1.398 1.252-1.561 <0.0001 1.160 0.948-1.420 0.1504

Visceral metastasis 83 54 (65.74) 1.713 1.297-2.262 0.0002 1.496 1.082-2.069 0.0148

Bone + visceral 194 130 (66.77) 1.929 1.594-2.334 <0.0001 1.536 1.185-1.991 0.0012
Previous ADT

No 6 4 (66.67)

Yes 2,316 1,451 (62.65) 0.957 0.359-2.551 0.9293 1.821 0.668-4.969 0.2417
Docetaxel cycles

0 53 33 (62.15)

1-7 849 511 (60.14) 0.799 0.562-1.134 0.2089 1.217 0.828-1.788 0.3177

>8 1,420 911 (64.18) 0.856 0.606-1.21 0.3793 1.315 0.899-1.923 0.1581
ADT duration

<12 months 157 117 (74.85)

>12 months 2,165 1,338 (61.77) 0.550 0.455-0.664 <0.0001 0.557 0.452-0.688 <0.0001
CCl score

<7 850 485 (57.01)

>7 1,472 970 (65.91) 1.463 1.311-1.632 <0.0001 1.211 0.984-1.49 0.0704
Comorbidity

Hypertension 1,221 756 (61.91) 0.992 0.895-1.099 0.8729

Dyslipidemia 595 367 (61.65) 0.945 0.84-1.064 0.3511

Diabetes mellitus 545 377 (69.08) 1.261 1.122-1.418 0.0001 1.230 1.091-1.386 0.0007

Liver disease 199 125 (62.83) 1.162 0.968-1.396 0.1074

Stroke 69 43 (62.5) 0.982 0.726-1.328 0.9038

Coronary artery disease 328 201 (61.24) 1.041 0.897-1.208 0.597

CHF 100 72 (72) 1.685 1.328-2.137 <0.0001 1.066 0.914-1.243 0.4172

CKD 193 97 (60.27) 0.924 0.752-1.136 0.4538

COPD 165 103 (62.58) 0.976 0.799-1.193 0.8159

HR, hazard ratio; Cl, confidence interval; ADT, androgen deprivation therapy; CCI, Charlson Comorbidity Index.

W?741C mutations. However, abiraterone resistance is derived from
the intratumoral generation of androgens and CYP17Al
production in conjunction with a progesterone-responsive mutant
AR (T877A). Thus, switching from abiraterone to an AR blocker
might be beneficial (21). From our study results, enzalutamide was
superior to abiraterone in terms of survival, which might be due to
enzalutamide having better outcomes in the AR mutation (T877A)
than abiraterone in mCRPC.

The OS rate in the current study showed no significant difference
between the two groups, similar to the trends found in other Taiwan
studies (13, 22). However, a retrospective study conducted using the
NHIRD showed that abiraterone (53.7%) had a significantly higher
overall mortality rate than enzalutamide (40.55%) (23). Otherwise,
the current study’s results on survival time were more similar to
those observed in clinical trials and cohort studies from other
countries. In the COU-AA-301 and AFFIRM trials, the median
survival time for patients with mCRPC in the post-chemotherapy
setting was 14.8 and 18.4 months, respectively (4, 5). Norris et al.
conducted a study in the UK that showed no significant difference
in OS rates (15.3 vs. 22.2 months for abiraterone and enzalutamide,

respectively) (24). A study conducted by Chowdhury et al. also
reported no significant difference between abiraterone and
enzalutamide in survival outcomes (10). However, the
inconsistent results for OR rates (by log-rank test) and HR might
be due to the fact that the HR changed over time in the early study
period. Therefore, the enzalutamide group had significantly longer
OS than the abiraterone group in the 24-month follow-up.

In the COU-AA-301 and AFFIRM trials, the median time to
PSA progression of the patients with mCRPC in a post-
chemotherapy setting was 10.2 and 8.3 months (4, 5),
respectively. However, the TTF was longer in the current study
than the time to PSA progression in the AFFIRM trial. The results of
two studies indirectly comparing the two drugs showed that
enzalutamide was superior to abiraterone in radiographic PFS,
time to PSA progression, and PSA response rate (8, 25). A meta-
analysis consisting of cohort studies showed that the PSA response
rate was significantly greater in the enzalutamide group than in the
abiraterone group (9). However, other studies whose results differed
from those of the current study had differing populations (pre- and
post-chemotherapy), TTF definition, and different regulations of
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insurance payments. A number of studies did, however, show a TTF
outcome trend similar to our results. A European study using PCR
data showed no significant difference between abiraterone and
enzalutamide in time to progression (9.6 vs. 10.3 months for
abiraterone and enzalutamide, respectively) (10). The other study
in Taiwan also found no significant difference in PFS (7.3 vs. 9.5
months for abiraterone and enzalutamide, respectively) (13).

The multivariate analysis showed that older age, metastasis
site, and ADT duration were the risk factors related to the
outcome. Liu et al. also reported that age was a significant factor
for OS (22). The results of the current study showing that
metastatic site was a risk factor for OS were consistent with a
study conducted by Gandalia et al., who reported that patients
with bone plus visceral metastases had a higher mortality risk,
followed by those with visceral metastasis and bone metastasis
alone (26). Patients with a longer ADT duration had a lower
risk of treatment failure in the study. Chang et al. and Di
Stefano et al. also reported that patients with longer hormone-
sensitive periods had better outcomes (13, 27). Furthermore,
diabetes mellitus was another factor potentially related to
survival outcome. Abdel-Rahman conducted a study that
pooled data from three clinical trials, indicating that diabetes
mellitus did not have a significant effect on the outcomes of
chemotherapy-naive CRPC (28). However, other studies have
shown that baseline metabolic syndrome and uncontrolled
diabetes were significant risk factors related to poorer survival
(29, 30). A retrospective study showed that there was no
prognostic impact of dyslipidemia on ADT outcomes (31).
However, a higher proportion of the enzalutamide group had
dyslipidemia, given that frequent laboratory abnormalities such
as hypertriglyceridemia and hypercholesterolemia were
observed in the abiraterone group. This consequently gave
the appearance of a lower mortality risk for the patients
with dyslipidemia.

Strengths and Limitations

To our knowledge, this is the first population-based study
comparing the effectiveness of the two drugs for treating
mCRPC in Taiwan. The use of the NHIRD covering over
99% of the Taiwan population allowed the present study to
include almost every patient treated with abiraterone and
enzalutamide in the country.

However, there are a number of limitations to this study.
First, TTF was used as a surrogate outcome for time to PSA
progression and radiographic PFS (32, 33) due to the lack of
laboratory data and imaging data in the NHI database.
However, assuming that all of the disease management steps
followed the NHI program’s regulations, the administration of
the two study drugs would not be allowed if the submitted
documents showed disease progression, which could be
representative of disease progression to a certain extent.
Furthermore, other medical behaviors related to disease
progression were also considered in the study outcome, such
as the addition of new treatment for prostate cancer or
diagnosis of new metastases. Second, the study did not
consider important prognostic factors such as the Gleason
score, metastatic volume, testosterone level, PSA level at

nadir, and the Eastern Cooperative Oncology Group
performance status (13). Third, the number of patients in
each group differed significantly, due to the difference in
time between the introduction of the two drugs. Therefore,
the study applied IPTW to produce a pseudo-population to
assess the comparative effectiveness. However, IPTW may
cause extreme weights which would increase bias effect
(omission of interaction effects or misspecification of
functional forms of covariates) and enhance treatment effect
(17, 34). Lastly, some of the medical management of the self-
paid items and the participation in clinical trials could not be
obtained from the NHIRD. For example, records of certain
therapeutic agents for mCRPC such as cabazitaxel and radium-
223 were unavailable in the database. In fact, abiraterone and
enzalutamide had been introduced in Taiwan in 2013 and
2015, respectively. As a result, the prescription records prior to
this time could not be obtained until they were covered by the
NHI system. The usage time might therefore be
underestimated or overestimated.

CONCLUSION

In conclusion, enzalutamide was associated with better OS for
mCRPC than abiraterone in the Taiwan population. Our study
revealed that there was no statistically significant difference in
TTF between enzalutamide and abiraterone. Metastasis site and
ADT duration were risk factors related to treatment failure and
mortality in patients with mCRPC treated with second-
generation hormone therapy.

DATA AVAILABILITY STATEMENT

The data analyzed in this study are subject to the following
licenses/restrictions: Data are available from the National
Health Insurance Research Database (NHIRD) published by
the Bureau of National Health Insurance (BNHI) of the
Ministry of Health and Welfare. Requests to access these
datasets should be directed to C-YC (jk2975525@hotmail.com).

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

FUNDING

This work was supported by grants from the Kaohsiung Medical
University Research Foundation (KMU-M1100018), Kaohsiung
Medical University (KMU-5109032), and Kaohsiung Medical
University Hospital (KMUH108-M819).

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 822375


mailto:jk2975525@hotmail.com
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

Abiraterone and Enzalutamide in mCRPC

ACKNOWLEDGMENTS

We thank the Center for Medical Informatics and Statistics of
Kaohsiung Medical University for providing administrative and
funding support.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

Wild CP, Weiderpass E, Stewart BW, eds. World Cancer Report 2020. Lyon,
France: LA.fR.0. Cancer. World Health Organization (2020).

Health Promotion Administration. Cancer Registry Report 2018. Taiwan:
Ministry of Health and Welfare (2020). Available at: https://www.hpa.gov.
tw/269/s (Accessed Dec 29 2020).

. Kirby M, Hirst C, Crawford ED. Characterising the Castration-Resistant

Prostate Cancer Population: A Systematic Review. Int J Clin Pract (2011) 65
(11):1180-92. doi: 10.1111/j.1742-1241.2011.02799.x

. de Bono JS, Logothetis CJ, Molina A, Fizazi K, North S, Chu L, et al

Abiraterone and Increased Survival in Metastatic Prostate Cancer. N Engl |
Med (2011) 364(21):1995-2005. doi: 10.1056/NE]Moal014618

. Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K, et al. Increased

Survival With Enzalutamide in Prostate Cancer After Chemotherapy. N Engl
Med (2012) 367(13):1187-97. doi: 10.1056/NEJMo0al207506

. Ryan CJ, Smith MR, de Bono JS, Molina A, Logothetis CJ, de Souza P, et al.

Abiraterone in Metastatic Prostate Cancer Without Previous Chemotherapy.
N Engl ] Med (2013) 368(2):138-48. doi: 10.1056/NEJM0al209096

. Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Sternberg CN, Higano CS,

et al. Enzalutamide in Metastatic Prostate Cancer Before Chemotherapy.
N Engl ] Med (2014) 371(5):424-33. doi: 10.1056/NEJMo0al405095

. Kang M, Jeong CW, Kwak C, Ku JH, Kim HH. Comparing the Clinical

Efficacy of Abiraterone Acetate, Enzalutamide, and Orteronel in Patients
With Metastatic Castration-Resistant Prostate Cancer by Performing a
Network Meta-Analysis of Eight Randomized Controlled Trials. Oncotarget
(2017) 8(35):59690-7. doi: 10.18632/oncotarget.17741

. Wang X, Yang H, Hu X, Wang W, Yu X, Wang S, et al. Comparing the

Clinical Efficacy and Safety of Abiraterone and Enzalutamide in Metastatic
Castration-Resistant Prostate Cancer: A Systematic Review and Meta-
Analysis. | Oncol Pharm Pract (2021) 27(3):614-22. doi: 10.1177/
1078155220929414

Chowdhury S, Bjartell A, Lumen N, Maroto P, Paiss T, Gomez-Veiga F, et al.
Real-World Outcomes in First-Line Treatment of Metastatic Castration-
Resistant Prostate Cancer: The Prostate Cancer Registry. Target Oncol
(2020) 15(3):301-15. doi: 10.1007/s11523-020-00720-2

Zheng H, Chen J, Qiu W, Lin S, Chen Y, Liang G, et al. Safety and Efficacy of
First-Line Treatments for Chemotherapy-Naive Metastatic Castration-
Resistant Prostate Cancer: A Systematic Review and Indirect Comparison.
BioMed Res Int (2017) 2017:3941217. doi: 10.1155/2017/3941217

McCool R, Fleetwood K, Glanville J, Arber M, Goodall H, Naidoo S.
Systematic Review and Network Meta-Analysis of Treatments for
Chemotherapy-Naive Patients With Asymptomatic/Mildly Symptomatic
Metastatic Castration-Resistant Prostate Cancer. Value Health (2018) 21
(10):1259-68. doi: 10.1016/j.jval.2018.03.012

Chang LW, Hung SC, Wang SS, Li JR, Yang CK, Chen CS, et al. Abiraterone
Acetate and Enzalutamide: Similar Efficacy in Treating Post Docetaxel
Metastatic Castration-Resistant Prostate Cancer: Single Center Experience.
Anticancer Res (2019) 39(7):3901-8. doi: 10.21873/anticanres.13541

Demirci A, Bilir C, Giilbagc1 B, Hacibekiroglu I, Bayoglu IV, Bilgetekin I, et al.
Comparison of Real-Life Data of Abiraterone Acetate and Enzalutamide in
Metastatic Castration-Resistant Prostate Cancer. Sci Rep (2021) 11(1):14131.
doi: 10.1038/s41598-021-93659-x

van Soest RJ, van Royen ME, de Morree ES, Moll JM, Teubel W, Wiemer EA,
et al. Cross-Resistance Between Taxanes and New Hormonal Agents
Abiraterone and Enzalutamide may Affect Drug Sequence Choices in
Metastatic Castration-Resistant Prostate Cancer. Eur ] Cancer (2013) 49
(18):3821-30. doi: 10.1016/j.ejca.2013.09.026

Bianchini D, Lorente D, Rodriguez-Vida A, Omlin A, Pezaro C, Ferraldeschi
R, et al. Antitumour Activity of Enzalutamide (MDV3100) in Patients With

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online

at:

https://www.frontiersin.org/articles/10.3389/fonc.2022.

822375/full#supplementary-material

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Metastatic Castration-Resistant Prostate Cancer (CRPC) Pre-Treated With
Docetaxel and Abiraterone. Eur J Cancer (2014) 50(1):78-84. doi: 10.1016/
j.jca.2013.08.020

Austin PC, Stuart EA. Moving Towards Best Practice When Using Inverse
Probability of Treatment Weighting (IPTW) Using the Propensity Score to
Estimate Causal Treatment Effects in Observational Studies. Stat Med (2015)
34(28):3661-79. doi: 10.1002/sim.6607

Saad F. Evidence for the Efficacy of Enzalutamide in Postchemotherapy
Metastatic Castrate-Resistant Prostate Cancer. Ther Adv Urol (2013) 5
(4):201-10. doi: 10.1177/1756287213490054

Tan YG, Quek SZH, Huang HH, Ho HSS, Yuen JSP, Tay K]J, et al. Serum
Testosterone Levels and Testosterone ‘Bounce’ Phenomenon Predict Response
to Novel Anti-Androgen Therapies in Castration-Resistant Prostate Cancer.
Urol Oncol (2021) 39(12):829.e9-17. doi: 10.1016/j.urolonc.2021.04.009
Watson PA, Arora VK, Sawyers CL. Emerging Mechanisms of Resistance to
Androgen Receptor Inhibitors in Prostate Cancer. Nat Rev Cancer (2015) 15
(12):701-11. doi: 10.1038/nrc4016

Rice MA, Malhotra SV, Stoyanova T. Second-Generation Antiandrogens:
From Discovery to Standard of Care in Castration Resistant Prostate Cancer.
Front Oncol (2019) 9:801. doi: 10.3389/fonc.2019.00801

Liu JM, Lin CC, Liu KL, Lin CF, Chen BY, Chen TH, et al. Second-Line
Hormonal Therapy for the Management of Metastatic Castration-Resistant
Prostate Cancer: A Real-World Data Study Using a Claims Database. Sci Rep
(2020) 10(1):4240. doi: 10.1038/s41598-020-61235-4

Lin YT, Huang YC, Liu CK, Lee TS, Chen M, Chien YN. Treatment-Emergent
Co-Morbidities and Survival in Patients With Metastatic Castration-Resistant
Prostate Cancer Receiving Abiraterone or Enzalutamide. Front Pharmacol
(2021) 12:669236. doi: 10.3389/fphar.2021.669236

Norris T, Walter S, Williams A, Palmer ], McGrane J. Comparison of Toxicity
and Efficacy Outcomes of Abiraterone and Enzalutamide in 198 Patients With
Metastatic Castrate Resistant Prostate Cancer. Clin Oncol (2017) 29(3):e87-8.
doi: 10.1016/j.clon.2016.11.020

Chopra A, Georgieva M, Lopes G, Yeo CM, Haaland B. Abiraterone or
Enzalutamide in Advanced Castration-Resistant Prostate Cancer: An Indirect
Comparison. Prostate (2017) 77(6):639-46. doi: 10.1002/pros.23309
Gandaglia G, Karakiewicz PI, Briganti A, Passoni NM, Schiffmann ], Trudeau
V, et al. Impact of the Site of Metastases on Survival in Patients With
Metastatic Prostate Cancer. Eur Urol (2015) 68(2):325-34. doi: 10.1016/
j.eururo.2014.07.020

Di Stefano RF, Tucci M, Turco F, Samuelly A, Bungaro M, Pisano C, et al.
Prognostic Role of the Duration of Response to Androgen Deprivation
Therapy in Patients With Metastatic Castration Resistant Prostate Cancer
Treated With Enzalutamide or Abiraterone Acetate. Prostate Cancer Prostatic
Dis (2021) 24(3):812-25. doi: 10.1038/s41391-021-00336-1

Abdel-Rahman O. Impact of Diabetes on the Outcomes of Patients With
Castration-Resistant Prostate Cancer Treated With Docetaxel: A Pooled
Analysis of Three Phase III Studies. Clin Genitourin Cancer (2019) 17(1):
€104-12. doi: 10.1016/j.clgc.2018.09.016

Conteduca V, Caffo O, Galli L, Maugeri A, Scarpi E, Maines F, et al. Impact of
Metabolic Syndrome on Clinical Outcome of Castration Resistant Prostate
Cancer (CRPC) Patients Treated With Abiraterone and Enzalutamide. Ann
Oncol (2017) 28:vil7. doi: 10.1093/annonc/mdx423.002

Karantanos T, Karanika S, Gignac G. Uncontrolled Diabetes Predicts Poor
Response to Novel Antiandrogens. Endocr Relat Cancer (2016) 23(9):691-8.
doi: 10.1530/ERC-16-0222

Hirata Y, Shiota M, Kobayashi T, Kashiwagi E, Takeuchi A, Inokuchi J,
et al. Prognostic Significance of Diabetes Mellitus and Dyslipidemia
in Men Receiving Androgen-Deprivation Therapy for Metastatic
Prostate Cancer. Prostate Int (2019) 7(4):166-70. doi: 10.1016/j.prnil.
2019.10.003

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 822375


https://www.frontiersin.org/articles/10.3389/fonc.2022.822375/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.822375/full#supplementary-material
https://www.hpa.gov.tw/269/s
https://www.hpa.gov.tw/269/s
https://doi.org/10.1111/j.1742-1241.2011.02799.x
https://doi.org/10.1056/NEJMoa1014618
https://doi.org/10.1056/NEJMoa1207506
https://doi.org/10.1056/NEJMoa1209096
https://doi.org/10.1056/NEJMoa1405095
https://doi.org/10.18632/oncotarget.17741
https://doi.org/10.1177/1078155220929414
https://doi.org/10.1177/1078155220929414
https://doi.org/10.1007/s11523-020-00720-2
https://doi.org/10.1155/2017/3941217
https://doi.org/10.1016/j.jval.2018.03.012
https://doi.org/10.21873/anticanres.13541
https://doi.org/10.1038/s41598-021-93659-x
https://doi.org/10.1016/j.ejca.2013.09.026
https://doi.org/10.1016/j.ejca.2013.08.020
https://doi.org/10.1016/j.ejca.2013.08.020
https://doi.org/10.1002/sim.6607
https://doi.org/10.1177/1756287213490054
https://doi.org/10.1016/j.urolonc.2021.04.009
https://doi.org/10.1038/nrc4016
https://doi.org/10.3389/fonc.2019.00801
https://doi.org/10.1038/s41598-020-61235-4
https://doi.org/10.3389/fphar.2021.669236
https://doi.org/10.1016/j.clon.2016.11.020
https://doi.org/10.1002/pros.23309
https://doi.org/10.1016/j.eururo.2014.07.020
https://doi.org/10.1016/j.eururo.2014.07.020
https://doi.org/10.1038/s41391-021-00336-1
https://doi.org/10.1016/j.clgc.2018.09.016
https://doi.org/10.1093/annonc/mdx423.002
https://doi.org/10.1530/ERC-16-0222
https://doi.org/10.1016/j.prnil.2019.10.003
https://doi.org/10.1016/j.prnil.2019.10.003
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

Abiraterone and Enzalutamide in mCRPC

32. Scher HI, Halabi S, Tannock I, Morris M, Sternberg CN, Carducci MA, et al.
Design and End Points of Clinical Trials for Patients With Progressive
Prostate Cancer and Castrate Levels of Testosterone: Recommendations of
the Prostate Cancer Clinical Trials Working Group. J Clin Oncol (2008) 26
(7):1148-59. doi: 10.1200/JCO.2007.12.4487

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline
(Version 1.1). Eur ] Cancer (2009) 45(2):228-47. doi: 10.1016/j.¢jca.2008.10.026
Elze MC, Gregson J, Baber U, Williamson E, Sartori S, Mehran R, et al.
Comparison of Propensity Score Methods and Covariate Adjustment:
Evaluation in 4 Cardiovascular Studies. ] Am Coll Cardiol (2017) 69(3):345-
57. doi: 10.1016/j.jacc.2016.10.060

33.

34.

Author Disclaimer: The conclusions presented in this study are those of the

authors and do not necessarily reflect the views of the BNHI, Ministry of Health
and Welfare.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Li, Lu and Chen. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 822375


https://doi.org/10.1200/JCO.2007.12.4487
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.jacc.2016.10.060
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Comparative Effectiveness of Abiraterone and Enzalutamide in Patients With Metastatic Castration-Resistant Prostate Cancer in Taiwan
	Introduction
	Materials and Methods
	Data Source
	Patients
	Outcomes Measured
	Data Collection
	Statistical Analysis
	Sensitivity Analysis

	Results
	Patient Characteristics
	Overall Survival
	Time to Treatment Failure
	Sensitivity Analyses
	Follow-Up of 24 Months


	Discussion
	Strengths and Limitations

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


