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Abstract

Purpose: We evaluated the association of PSA and androgen
receptor splice variant-7 (AR-V7) transcript levels in patients'
blood with time to treatment failure (TTF) and overall survival
(OS) with abiraterone acetate and/or enzalutamide treatment in
castration-resistant prostate cancer (CRPC) patients.

Experimental Design: RNA levels of AR-V7 and PSA in periph-
eral blood collected before treatment were quantified using drop-
let digital-PCR in retrospective cohorts treated with abiraterone
acetate (N ¼ 81) or enzalutamide (N ¼ 51) for CRPC. Multivar-
iable Cox regression adjusted for known prognostic factors was
used for analyses.

Results: PSA transcripts were detected in 57% of abiraterone
acetate–treated patients and in 63% of enzalutamide-treated
patients. PSA-positive patients had a shorter TTF than PSA-
negative patients [adjusted HR¼ 2.27 (95% confidence interval
(CI) 1.26–4.10) and 2.60 (95% CI, 1.19–5.69); P ¼ 0.006 and
0.017 in abiraterone acetate and enzalutamide cohorts,

respectively]. Patients with a higher-AR-V7 transcript level had
a shorter TTF with abiraterone acetate and enzalutamide in
univariate analysis (median 8.0 months vs. 15.6 months, P ¼
0.046 in abiraterone acetate-cohort and 3.6 months vs. 5.6
months; P ¼ 0.050 in enzalutamide cohort). In multivariable
models, the association with TTF remained significant in the
enzalutamide cohort (adjusted HR ¼ 2.02; 95% CI, 1.01–4.05;
P ¼ 0.048), but statistically insignificant in the abiraterone
acetate cohort. In both cohorts, we observed potential prog-
nostic value of both PSA and AR-V7 RNA expression on OS;
patients with detectable PSA transcripts and high AR-V7 pre-
dicted the poorest OS.

Conclusions: PSA and AR-V7 transcripts in blood potentially
serve as biomarkers predicting TTF and OS with abiraterone
acetate or enzalutamide treatment. If validated prospectively,
their detection could be facilitatedwithout isolation of circulating
tumor cells. Clin Cancer Res; 23(3); 726–34. �2016 AACR.

Introduction
Androgen deprivation therapy (ADT) is the most effective

and widely used treatment for advanced hormone-sensitive
prostate cancer (HSPC) patients (1, 2). Most HSPCs initially
respond to ADT but eventually progress to castration-resistant
prostate cancer (CRPC), usually leading to death (3–5). The
androgen receptor (AR) remains a principal target in CRPC,
which can be sustained by intratumoral androgens from

circulating adrenal androgens or from de novo synthesis (6–
10). New therapies targeting the AR signaling axis have emerged
for CRPC (11, 12). The FDA recently approved several drugs for
the treatment of metastatic CRPC and two of these drugs target
the AR or the androgen synthesis pathway. Abiraterone acetate
is an inhibitor of CYP17A1 that blocks androgen production
(13, 14). Abiraterone acetate can also be converted to a more
active D4-abiraterone in vivo, which blocks multiple steroido-
genic enzymes and antagonizes AR (15). Enzalutamide is an AR
antagonist that binds to the ligand-binding domain of the AR,
competing with testosterone and dihydrotestosterone and
thereby blocking the translocation of AR to nucleus, inhibiting
AR function (16, 17). Even though studies have shown that
these drugs prolong overall survival (OS), a significant propor-
tion of patients does not respond to these drugs or develops
resistance shortly after the treatment (18–23).

The AR splice variant 7 (AR-V7), which lacks the ligand-
binding domain but retains functional transcriptional element
binding domains, mediates intracellular AR signaling in a
ligand-independent manner (24–26). Accumulating evidence
has suggested the association of the presence of AR-V7 with
CRPC development and resistance to treatment with abirater-
one acetate and enzalutamide (27–35). In a small study,
Antonarakis and colleagues (36) reported that detection of
AR-V7 mRNA in circulating tumor cells (CTC) from CRPC
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patients was associated with resistance to abiraterone acetate
and enzalutamide. Later, Antonarakis and colleagues and other
groups showed that detection of AR-V7 in CTCs from men with
metastatic CRPC did not appear to be associated with primary
resistance to taxanes (37, 38). However, a more recent study by
Scher and colleagues demonstrated that the CTC nuclear
expression of AR-V7 protein in men with mCRPC is associated
with superior survival on taxane therapy over AR-directed
therapy in a clinical practice setting (39). Nevertheless, these
results suggested that AR-V7 might serve as a biomarker for
treatments targeting the AR axis in CRPC.

We previously demonstrated the prognostic value of detec-
tion of PSA transcripts in the blood of men with CRPC (40–42).
This study was intended to evaluate the potential application of
whole blood AR-V7 and PSA transcript levels as prognostic
markers for mCRPC patients treated with abiraterone acetate
and enzalutamide. We performed quantitative analysis of AR-
V7 and PSA transcripts in blood to determine their association
with time to treatment failure (TTF) and OS. Because expression
of AR-V7 and PSA are thought to be prostate tumor cell–
specific, signals detected in the peripheral blood mononuclear
cell fraction would presumably represent those from CTCs.
Thus, we evaluated the expression levels of AR-V7 and PSA in
the peripheral blood mononuclear cell fraction using droplet-
digital PCR (ddPCR; refs. 43, 44), from samples derived pre-
abiraterone and/or pre-enzalutamide treatment, in retrospec-
tive cohorts of men.

Materials and Methods
Patients

Patients were retrospectively identified from Dana-Farber Can-
cer Institute ProstateClinical Research Information System(CRIS)
database (45). Eligible patients were those who had CRPC treated
with abiraterone acetate and/or enzalutamide betweenApril 2010
and May 2015 and had the peripheral blood mononuclear cell
fraction–derived RNA available within 1 year prior to treatment
initiation. All patients were consented to an Institutional Review
Board-approved protocol that permits collection of clinical and
specimen data. Baseline patient characteristics and treatment
history were extracted from the database and medical record
review.

Sample collection and RNA extraction
The peripheral blood mononuclear cell fraction were isolated

by density separation over Ficoll-Hypaque (GE Healthcare) from
8 mL of whole blood collected in Vacutainer cell preparation
tubes (BD Biosciences) with EDTA within 2 hours after blood
drawn (46). Samples generated from patients were then blind-
coded. Total RNA from the peripheral blood mononuclear cell
fraction was extracted with TRIzol reagent (Life Technologies)
according to the manufacturer's protocol. The resulting RNA was
precipitated in 70% ethanol and 0.3 mol/L sodium acetate, and
stored at �80�C until use. RNA was further purified by phenol/
chloroform extraction and resuspended in nuclease-free water
prior to experiments. Quality of purified RNA samples was
verified on 2% agarose E-gels (Life Technologies) and no visible
signs of degradation were shown; RNA concentrations were
determined using a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies).

cDNA synthesis
Reverse transcription (RT) was conducted using iScript

advanced cDNA Synthesis Kit (Bio-Rad) with random hexamer
primers as per manufacturer's instruction. Briefly, approximate-
ly 2.5 mg of total RNA sample was subjected to RT-PCR in the
15-mL reaction system; and incubated at 42�C for 30 minutes
and 85�C for 5 minutes. cDNA was stored at �20�C until use
for ddPCR.

Droplet-digital PCR
ddPCR (QX200; Bio-Rad) was used in this study. Droplet

generation, PCR reactions, and detection were carried out
according to the manufacturer's instruction (43, 47). Briefly,
the reactions were performed in 20-mL reaction volume that
consisted of 10 mL of 2� ddPCR Supermix for probes (No
dUTP; Bio-Rad), 1 mL of gene-specific primers (900 nmol/L)
and probes (250 nmol/L) and 2 mL of the cDNA sample. Each
reaction mix was converted to droplets with the QX200 droplet
generator (Bio-Rad). Droplet-partitioned samples were then
transferred to a 96-well plate, sealed, and cycled in a C1000
Touch thermal cycler (Bio-Rad) under the following cycling
protocol: 95�C for 10 minutes, followed by 40 cycles of 94�C
for 30 seconds, 60�C for 60 seconds, and a 10-minute incu-
bation at 98�C. The cycled plates were then read on a Bio-Rad
QX200 droplet reader. At least two negative control wells with
no cDNA template were included in every run. The data analysis
was performed with QuantaSoft droplet reader software v1.7.4
(Bio-Rad). The target mRNA concentrations were calculated
using Poisson statistics (44) and the background was corrected
on the basis of the data of the no template control. Absolute
transcript levels were initially presented as copies per microliter
and converted to copies per microgram RNA based on the input
amount of RNA.

Primers and probes for the full-length AR (AR-FL), AR-V7, and
PSA are provided in Supplementary Data.

Statistical analysis
The cutoff for high AR-V7 was set at the upper tertile of the

expression value normalized to the amount of input-RNA
because similar results (TTF or OS) were observed between
the lowest and middle tertile so they were combined. Samples
with detectable PSA transcripts were considered PSA positive.
Patient disease characteristics and prior treatments were

Translational Relevance

Our study indicated that the quantity of PSA and AR-V7
transcripts detected in the blood is inversely associated with
time to treatment failure (TTF) and overall survival (OS) in
castration-resistant prostate cancer patients who were treated
with abiraterone acetate and/or enzalutamide treatment. This
result suggests that PSA and AR-V7 transcripts in patients'
blood may potentially serve as biomarkers predicting TTF and
OS for treatments targeting at androgen receptor axis in
castration-resistant prostate cancer patients. The combination
of PSA and AR-V7 signals likely provides a more accurate
assessment. If validated prospectively, the direct detection of
AR-V7 and PSA transcripts in the blood could be a simple and
powerful prognostic tool without the need for the isolation of
circulating tumor cells.

AR-V7 and PSA Transcripts in the Blood of Prostate Cancer Men
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evaluated by descriptive statistics; Fisher exact and Wilcoxon
rank-sum tests were used to compare the expression status of
AR-V7 (high versus low) or PSA (positive or negative) for
categorical and continuous characteristics.

TTF was defined as time from treatment initiation until the
date of drug discontinuation for any reason, censored at the
date of last follow-up for patients who were still on therapy. OS
was defined as time from treatment initiation to death from
any cause, censored at the date of last follow-up for patients
who were still alive. The distributions of TTF and OS were
estimated using the Kaplan–Meier method, with 95% confi-
dence intervals (CI); their associations with AR-V7 and PSA
expression status were evaluated using the log-rank test or the
Wald c2 test in multivariable Cox regression model adjusted for
known prognostic factors. The multivariable model was con-
structed by including variables with P < 0.10 in univariate
analysis; no formal model selection was used. For patients
treated with abiraterone acetate, we included baseline PSA
(dichotomized at the median), albumin < lower limit of
normal (yes versus no), ECOG performance status (0 versus
>0), prior use of docetaxel (yes versus no) as covariates. Similar
covariates were used for those treated with enzalutamide except
"prior use of abiraterone acetate (yes versus no)" was used as a
covariate instead of albumin. Statistical analyses were per-
formed with SAS version 9.4 (SAS Institute) and all statistical
tests were two-sided.

Results
Detection of AR-V7 and PSA in the peripheral blood
mononuclear cell fraction by ddPCR

We first conducted a series of experiments intended to optimize
conditions for the detection of AR-V7 and PSA by ddPCR. The
absolute quantification and linearity detection of the transcripts
were validated by using a series of diluted plasmid DNAs; cross-
reaction between AR-V7 and AR-FL were not detected (Supple-
mentary Fig. S1). To document its sensitivity, AR-V7 transcripts
were determined in DU145 (an AR-negative and PSA-negative
prostate cancer cell line) cells spiked with different numbers
of 22RV1 cells, a prostate-cancer cell line known to express both
AR-FL and AR-V7. As shown in Supplementary Fig. S2, AR-V7
transcripts were detectable in samples with one 22RV1 cell to 104

DU145 cells. We measured the level of AR-FL in the peripheral
bloodmononuclear cell fraction and found expectedly high levels
of expression of AR-FL, potentially masking the detection of
tumor-derivedAR-FL. After the validationof linearity of detection,
we applied the assay to patient samples. As examples, droplet
plots andhistogramof six representative samples and the negative
control are shown in Supplementary Fig. S3.

In total, we assayed 171 pretreatment samples: 102 were
abiraterone acetate–treated and 69 were enzalutamide-treated
patients. In both cohorts, samples were removed if (i) they were
from the same patient (N ¼ 11 and 12), (ii) they were ineligible

Figure 1.

The distribution of AR-V7 and PSA transcript levels in the peripheral bloodmononuclear cell fraction of samples. AR-V7 transcripts in abiraterone acetate (AA;A) and
enzalutamide cohort (B); PSA transcripts in AA (C) and enzalutamide cohort (D). x-axis represents the number of samples; y-axis represents the normalized
transcription numbers.
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(i.e., sample was collected post therapy initiation; abiraterone
acetate or enzalutamide was used in the adjuvant setting; patients
had been treated with prior abiraterone acetate before sample
collection in the abiraterone acetate cohort; or outcome data was
not assessable) after we systemically reviewed clinical data (N¼ 7
and 5), or (iii) the housekeeping TBP gene expression was
extremely low (N ¼ 3 and 1) in the abiraterone acetate and
enzalutamide cohort, respectively. The final number was 81 and
51 in the abiraterone acetate and enzalutamide cohort, respec-
tively. The number of transcriptswas normalized to the amount of
input RNA prior to the analysis.

The overall distributions of AR-V7 and PSA transcripts detected
in the abiraterone acetate and the enzalutamide cohorts are
shown in Figure 1. PSA transcripts were detected in 46 (57%) of
abiraterone acetate–treated patients and in 32 (63%) of enzalu-
tamide-treated patients. AR-V7 transcripts were detected in greater
than 95% of patients in both cohorts. The distribution of AR-V7
expression level was similar in the abiraterone acetate- and
enzalutamide-treated patients [median and interquartile range:
13.2 (7.2, 26.4) and 13.8 (6.0, 24.0) copies/mgRNA, respectively).
In the abiraterone acetate cohort, among 27 patients with high
AR-V7 expression (defined as the top tertile, i.e., >19 copies/
mgRNA), 21 (78%) patients demonstrated PSA transcripts and
6 (22%) patients did not. Similarly, in the enzalutamide cohort,
the majority of patients with high AR-V7 patients were also
positive for PSA transcripts (77%).

Patient characteristics and outcomes
Patient and disease characteristics were presented in Table 1.

Eighty-one were abiraterone acetate–treated patients and 51 were
enzalutamide-treated patients. Twenty-five (30.9%) of patients in
the abiraterone acetate cohort received prior docetaxel. In the
enzalutamide cohort, 23 (45.1%) patients received prior doce-
taxel and 35 (68.8%) also received prior abiraterone acetate for

CRPC or HSPC. Median follow-up was 29.7 (range: 3.6þ, 47.5)
and 23.9 (range: 0.9þ, 48.3) months in the abiraterone acetate
and enzalutamide cohorts, respectively. In the abiraterone acetate
cohort, median TTF and OS were 10.3 (95% CI, 8.0–19.9) and
34.4 (95% CI, 25.5–38.7) months, respectively. In the enzaluta-
mide cohort,median TTF andOSwere only 3.7 (95%CI, 2.8–6.0)
months and 21.4 (15.1–35.3) months, respectively. These differ-
ences in outcomes were likely due to baseline characteristics
including high prior treatment with abiraterone acetate in the
enzalutamide treated cohort.

Association of PSA and AR-V7 expression with patient
characteristics

Median serum PSA value was higher in patients with detect-
able PSA transcripts (62.7 ng/mL vs. 8.5 ng/mL, P ¼ 0.051) in
the enzalutamide cohort; but this trend was not statistically
significant in the abiraterone acetate cohort (median 18.2 vs.
16.4, P ¼ 0.357). Serum PSA value was not associated with
patient AR-V7 expression status in both cohorts (P ¼ 0.502 and
0.811, respectively). In addition, PSA and AR-V7 transcript
status in the peripheral blood mononuclear cell fraction was
not associated with patients' other baseline characteristics, such
as ECOG performance status and albumin (P > 0.30, data not
shown). However, we observed that patients who had started
chemotherapy at time of sample collection more likely had
high AR-V7 or positive PSA transcripts than those who had not
received chemotherapy in the abiraterone acetate cohort. Sim-
ilar trend was also observed in the enzalutamide cohort (Sup-
plementary Table S1).

Association of PSA and AR-V7 transcript level in the peripheral
blood mononuclear cell fraction with TTF

PSA transcript positive patients had a shorter TTF than PSA-
negative patients; the adjusted HR was 2.27 (95% CI, 1.26–4.10)

Table 1. Patient and disease characteristics

Abiraterone acetate cohort (N ¼ 81) Enzalutamide cohort (N ¼ 51)
N (%) N (%)

At diagnosis of cancer
Gleason
6 or less 7 (8.6) 8 (15.7)
7 27 (33.3) 16 (31.4)
8–10 40 (49.4) 21 (41.2)
Unknown 7 (8.6) 6 (11.8)

At treatment initiation
ECOG performance status
0 62 (76.5) 28 (54.9)
1 9 (11.1) 16 (31.4)
�2 5 (6.2) 5 (9.8)
Unknown 5 (6.2) 2 (3.9)
Presence of metastasis 79 (97.5) 50 (98.0)
Low albumin (<LLN)a 5 (6.8) 7 (14.3)
Prior use of docetaxelb 25 (30.9) 23 (45.1)
Prior use of abiraterone acetateb — 35 (68.6)
Prior use of enzalutamideb 4 (4.9) —

Age, years (median) 68.3 (IQR: 62–74; range: 46–89) 69.0 (IQR: 63–74; range: 50–88)
PSA, ng/mL (median) 16.4 (IQR: 4.8–52.1; range: 0.1–972.1) 45.5 (IQR: 7.4–126.6; range: 0.3–1148.4)

Months from sample collection to treatment start
�3 33 (40.7) 19 (37.3)
3–6 20 (24.7) 13 (25.5)
>6 28 (34.6) 19 (37.3)

Abbreviation: IQR, interquartile range.
aEvaluable N ¼ 74 and 49 for abiraterone acetate and enzalutamide cohort, respectively.
bTreatment for metastasis or as a secondary hormone for castration-resistant prostate cancer.
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in the abiraterone acetate cohort and 2.60 (95%CI, 1.19–5.69) in
the enzalutamide cohort (adjusted P ¼ 0.006 and 0.017, respec-
tively). Patients with high AR-V7 expression tended to have a
shorter TTF: median 8.0 months versus 15.6 months in the
abiraterone acetate cohort (log-rank P ¼ 0.046) and median
3.6 months versus 5.6 months in the enzalutamide cohort
(log-rank P ¼ 0.050). In multivariable analysis when adjusted
for the above-mentioned covariates, AR-V7 remained significant
in the enzalutamide cohort [adjusted HR ¼ 2.02 (95% CI, 1.01–
4.05), P ¼ 0.048], but not in the abiraterone acetate cohort
[adjusted HR ¼ 1.31 (95% CI, 0.74–2.32), P ¼ 0.353], as shown
in Tables 2 and 3 and Figs. 2A, C, and E and 3A, C, and E. For both
cohorts, the effect of PSA and AR-V7 transcripts on TTF appeared
additive. Thosewith both PSApositive andhighAR-V7 expression
had the shortest TTF compared with those with no PSA transcript
detected or those who were PSA transcript positive but low AR-V7
expression [median 21.1, 8.1, and 5.6 months, adjusted HR ¼
1.00, 2.04 (95% CI, 1.03–4.02) and 2.58 (95% CI, 1.29–5.15),
respectively in the abiraterone acetate cohort; median 13.4, 3.0,
and 2.8 months, adjusted HR ¼ 1.00, 2.02 (95% CI, 0.85–4.82)
and 3.70 (95% CI, 1.52–8.96) in the enzalutamide cohort;
Tables 2 and 3].

Association of PSA and AR-V7 expression with OS
In both cohorts, we observed that patients with high AR-V7

expression had a shorter OS (median OS: 35.6 months versus
27.2 months in the abiraterone acetate cohort and 29.1 months
versus 13.8 months in the enzalutamide cohort). Similarly,
median OS was shorter among men with detectable PSA
transcripts than among those with negative PSA transcripts
(Tables 2 and 3 and Figs. 2 and 3B, C, and F). However, these
observed associations became insignificant in the multivariable
models adjusted for other baseline factors, most likely due to
the limited number of deaths (i.e., 35 deaths in the abiraterone
acetate cohort and 25 deaths in the enzalutamide cohort) in
these analyses (HR ranging 1.6–2.1, P > 0.05). In addition, we
observed an additive effect of PSA transcript detection and AR-
V7 expression in the prediction for OS (Figs. 2F and 3F). When
compared with those with negative PSA or those with PSA
positive but low AR-V7 expression, those with both positive
PSA transcripts and high AR-V7 transcripts had the worst OS
[median 43.2, 34.4, and 21.3 months, adjusted HR¼ 1.00, 1.30
(95% CI, 0.50–3.37) and 2.82 (95% CI, 1.11–7.18), respec-
tively in the abiraterone acetate cohort; median 29.4, 20.4 and
12.5 months, adjusted HR ¼ 1.00, 1.08 (95% CI, 0.37–3.14)

Table 2. TTF and OS from treatment initiation (abiraterone acetate cohort)

TTF OS
N/N events Median, months Adjusted HRa (95% CI) N/N events Median, months Adjusted HRa (95% CI)

All patients (N ¼ 81) 81/58 10.3 (8.0–19.9) — 81/35 34.4 (25.5–38.7) —

By AR-V7 expression
Low 54/36 15.6 (8.1–21.3) 1.00 (reference) 54/19 35.6 (27.3–43.2) 1.00 (reference)
High (top 33th percentile) 27/22 8.0 (4.2–12.1) 1.31 (0.74–2.32) 27/16 27.2 (13.0–34.4) 1.73 (0.83–3.60)
P 0.046 0.353 0.060 0.145

By PSA expression
Negative 35/20 21.1 (14.8–27.6) 1.00 (reference) 35/10 43.2 (29.8–NR) 1.00 (reference)
Positive 46/38 7.7 (5.5–9.1) 2.27 (1.26–4.10) 46/25 27.3 (20.0–34.4) 1.84 (0.81–4.19)
P 0.002 0.006 0.019 0.146

By PSA and ARV7 status
PSA negative 35a/20 21.1 (14.8–27.6) 1.00 (reference) 35/10 43.2 (29.8–NR) 1.00 (reference)
PSA positive and low ARV7 25/18 8.1 (6.5–9.2) 2.04 (1.03–4.02) 25/10 34.4 (21.4–NR) 1.30 (0.50–3.37)
PSA positive and high ARV7 21/20 5.6 (3.2–8.6) 2.58 (1.29–5.15) 21/15 21.3 (10.8–33.6) 2.82 (1.11–7.18)
P 0.0001 0.018 0.004 0.071

Abbreviation: NR, no response.
aAdjusted for variables with P < 0.10 in univariate analysis, including baseline PSA (dichotomized at the median), low albumin (yes vs. no), ECOG PS (0 vs. >0),
prior use of docetaxel (yes vs. no).

Table 3. TTF and OS from treatment initiation (enzalutamide cohort)

TTF OS
N/N events Median, months Adjusted HRa (95% CI) N/N events Median, months Adjusted HRa (95% CI)

All patients (N ¼ 51) 51/43 3.7 (2.8–6.0) 51/25 21.4 (15.1–35.3)
By AR-V7 expression
Low 34/28 5.6 (2.9–13.4) 1.00 (reference) 34/16 29.1 (16.6–39.8) 1.00 (reference)
High 17/15 3.6 (0.9–5.1) 2.02 (1.01–4.05) 17/9 13.8 (7.4–35.3) 2.08 (0.83–5.24)
P 0.050 0.048 0.242 0.119

By PSA expression
Negative 19/13 13.4 (3.6–21.5) 1.00 (reference) 19/6 29.4 (17.6–NR) 1.00 (reference)
Positive 32/30 2.9 (2.0–4.5) 2.60 (1.19–5.69) 32/19 16.6 (7.9–35.3) 1.61 (0.63–4.17)
P 0.003 0.017 0.053 0.322

By PSA and ARV7 status
PSA negative 19/13 13.4 (3.6–21.5) 1.00 (reference) 19/6 29.4 (17.6–NR) 1.00 (reference)
PSA positive and low ARV7 19/17 3.0 (2.0–5.6) 2.02 (0.85–4.82) 19/10 20.4 (7.8–39.8) 1.08 (0.37– 3.14)
PSA positive and high ARV7 13/13 2.8 (0.9–4.9) 3.70 (1.52–8.96) 13/9 12.5 (4.6–35.3) 3.08 (1.02–9.30)
P 0.003 0.015 0.045 0.074

aAdjusted for variables with P < 0.10 in univariate analysis, including baseline PSA (dichotomized at the median), ECOG PS (0 vs. >0), prior use of docetaxel (yes vs.
no), prior use of abiraterone acetate (yes vs. no).
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and 3.08 (95% CI, 1.02–9.30) in the enzalutamide cohort, as
shown in Tables 2 and 3).

Subgroup and sensitivity analysis
All samples for this study were collected within 1 year prior to

treatment initiation.We suspected that the time of the blood draw
may potentially impact the level of AR-V7 andPSA expression and
confound the observed association. Thus, we conducted a sub-
group analysis by restricting the samples to thosewith blood draw
within 6 months prior to treatment initiation. The results sug-
gested that there was no significant difference in the groups (HRs
ranging 1.3–2.5) but there was limited statistical power for the
subgroup analysis (Supplementary Table S2).

In addition, we noticed that a few patients (six in the
abiraterone acetate cohort and four in the enzalutamide
cohort) who had no PSA transcripts detected had high AR-V7
transcripts, though the majority (77%) of patients with high
AR-V7 was also positive for PSA transcripts. It is possible that
for these cases, AR-V7 might be mainly derived from non-
prostate cells. If we consider that these patients may have been
misclassified, by placing them in the low AR-V7 group, we
found that the association of AR-V7 with TTF and OS became
stronger [for TTF: adjusted HR¼ 1.93 (95%CI, 1.04–3.55) and
2.52 (95% CI, 1.2–5.15); for OS: adjusted HR ¼ 2.47 (95% CI,
1.12–5.41) and 2.95 (95% CI, 1.17–7.5), in the abiraterone
acetate and enzalutamide cohort, respectively].

Figure 2.

Kaplan–Meier plots in abiraterone acetate cohort. Plots of TTF according to AR-V7 expression (A), PSA expression (C), combination of PSA and
AR-V7 expression (E). Plots of OS according to AR-V7 expression (B), PSA expression (D), and combination of PSA and AR-V7 expression
(F) in abiraterone acetate cohort.
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Discussion

We had previously shown that PSA detected by RT-PCR was
predictive of OS (40–42). Under the assumption that tumor-
specific transcripts in blood aremost likely derived fromCTCs, we
directly analyzed the tumor specific RNAs, AR-V7, and PSA, in the
peripheral blood mononuclear cell fraction, thus bypassing the
isolation of CTCs. Our data showed that the detection of PSA
transcripts in the peripheral blood mononuclear cell fraction
predicted TTF inCRPCpatientswhowere treatedwith abiraterone
acetate or enzalutamide, with adjustment of serumPSA, albumin,
ECOGperformance status, prior use of docetaxel, and/or prior use
of abiraterone acetate. The association of AR-V7 expression with
the TTF was statistically significant in univariable analyses but
insignificant in multivariable analysis although trends remained.

Both the transcript level of PSA and AR-V7 in the peripheral blood
mononuclear cell fraction were associated with shorter OS (HR
ranging from 1.6 to 2.1) and the prognostic effect was additive.
These results demonstrate the potential application of PSA and
AR-V7 transcripts in the peripheral blood mononuclear cell
fraction as biomarkers for predicting OS and potentially TTF on
abiraterone acetate or enzalutamide treatment.

Among 132 samples analyzed, we found that almost all of
the samples had detectable AR-V7, whereas only approximately
60% of samples had detectable PSA. There was some degree of
correlation as most patients with high AR-V7 also had positive
PSA expression. We noticed that a few patients had no detect-
able PSA transcripts but high AR-V7 transcripts. It is possible
that some CTCs express AR-V7 but not PSA. Another possibility
is that in some cases, the AR-V7 may originate from non-

Figure 3.

Kaplan–Meier plots in enzalutamide cohort. Plots of TTF according to AR-V7 expression (A), PSA expression (C), and combination of PSA and AR-V7 expression (E).
Plots of OS according to AR-V7 expression (B), PSA expression (D), and combination of PSA and AR-V7 expression (F) in enzalutamide cohort.
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prostate cells as noted in the report by Takeuchi and colleagues
(48). Our re-grouping study supported the possibility that in
some cases, AR-V7 in the peripheral blood mononuclear cell
fraction may not be derived from CTCs and this event may
potentially alter the assessment of AR-V7 alone when using this
methodology.

For this study, we defined high AR-V7 expression as the upper
tertile of expression level (i.e., �19 copies/mgRNA). The anal-
ysis was initially conducted with three tertile groups, and
subsequently condensed into two groups as we observed sim-
ilar results (TTF and OS) among those with low and interme-
diate AR-V7 expression (data not shown). In addition, classi-
fying 33% of patients to the high expression group was con-
sistent with the reported detection rate (ranging 20%–40%) in
circulating tumor cells from patients treated with abiraterone
acetate or enzalutamide (37, 38).

The limitation of this study includes its retrospective nature and
a wide range of time window for the sample collection. However,
we observed a consistent trend when the analysis was restricted to
samples collected within 6 months prior to therapy initiation. In
addition, due to limited sample size and absent data issue, we
could not include some important covariates, such as LDH,
hemoglobin, AP, which have been shown to be of prognostic
value for patients treated on abiraterone acetate. Finally, we could
not analyze treatment response basedonPSAand/or radiographic
criteria due to incomplete data issue. Also, as no data were
available from untreated patients as the control group, it was not
possible to investigate the interaction between treatment and
these biomarkers to assess its potential predictive value, in addi-
tion to its prognostic role.

It is interesting to note that Reig and colleagues recently has
reported that the detection of TMPRSS2–ERG fusion transcripts in
the peripheral blood mononuclear cell fraction predicted a lower
PSA progression-free survival to docetaxel or cabazitaxel treat-
ments (49). Because the TMPRSS2–ERG fusion is driven by AR
and unique to prostate cancer cells, we would consider the
detection of TMPRSS2–ERG fusion transcript in our future vali-
dation studies. This additional control may help eliminate issues
relating to signals derived fromnon-tumor cells. Currently, we are
performing validation analyses in cohorts obtained from other
institutions.

In conclusion, this study suggests that PSA and AR-V7 tran-
scripts detected in the peripheral bloodmononuclear cell fraction
may potentially serve as biomarkers predicting TTF and OS with
abiraterone acetate or enzalutamide treatment. The combination
of PSA and AR-V7 signals may provide a more accurate assess-
ment. If validated prospectively, the direct detection of AR-V7 and
PSA transcripts in the peripheral bloodmononuclear cell fraction
could be a simple and powerful prognostic tool without the need
for CTC isolation.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors' Contributions
Conceptionanddesign: F.Qu,H. Zhang,O. Sartor,G.-S.Mary Lee, P.W.Kantoff
Development of methodology: F. Qu, H. Zhang, O. Sartor, G.-S. Mary Lee,
P.W. Kantoff
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): M. Nakabayashi, S.H. Jeong, X. Wang, C.J. Sweeney,
O. Sartor
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): F. Qu, W. Xie, M. Nakabayashi, C.J. Sweeney,
O. Sartor, G.-S. Mary Lee, P.W. Kantoff
Writing, review, and/or revision of the manuscript: F. Qu, W. Xie, M. Naka-
bayashi, H. Zhang, S.H. Jeong, X. Wang, K. Komura, C.J. Sweeney, O. Sartor,
G.-S. Mary Lee, P.W. Kantoff
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): G.-S. Mary Lee
Study supervision: G.-S. Mary Lee, P.W. Kantoff

Acknowledgments
The authors thank all the participants for their assistance with the study. We

would like to thankDr. Tara Ellison, Eric Miller, and other experts from Bio-Rad
Laboratories, for their great technical assistant on ddPCR platform.

Grant Support
This study was supported by the Dana-Farber Prostate Cancer SPORE

P50CA090381.
The costs of publication of this articlewere defrayed inpart by the payment of

page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received May 17, 2016; revised July 2, 2016; accepted July 24, 2016;
published OnlineFirst August 3, 2016.

References
1. Huggins C, Hodges CV. Studies on prostatic cancer. I. The effect of

castration, of estrogen and androgen injection on serum phosphatases
in metastatic carcinoma of the prostate. CA Cancer J Clin 1972;22:
232–40.

2. Messing EM, Manola J, Sarosdy M, Wilding G, Crawford ED,
Trump D. Immediate hormonal therapy compared with observa-
tion after radical prostatectomy and pelvic lymphadenectomy in
men with node-positive prostate cancer. N Engl J Med 1999;341:
1781–8.

3. Nelson WG, De Marzo AM, Isaacs WB. Prostate cancer. N Engl J Med
2003;349:366–81.

4. Ross RW, Xie W, Regan MM, Pomerantz M, Nakabayashi M, Daskivich TJ,
et al. Efficacy of androgen deprivation therapy (ADT) in patients with
advanced prostate cancer: association between Gleason score, prostate-
specific antigen level, and prior ADT exposure with duration of ADT effect.
Cancer 2008;112:1247–53.

5. Klotz L, Toren P. Androgen deprivation therapy in advanced prostate
cancer: is intermittent therapy the new standard of care? Curr Oncol
2012;19:S13–21.

6. Scher HI, Sawyers CL. Biology of progressive, castration-resistant prostate
cancer: directed therapies targeting the androgen-receptor signaling axis.
J Clin Oncol 2005;23:8253–61.

7. Mostaghel EA, Nelson PS. Intracrine androgen metabolism in prostate
cancer progression: mechanisms of castration resistance and therapeutic
implications. Best Pract Res Clin Endocrinol Metab 2008;22:243–58.

8. Bluemn EG, Nelson PS. The androgen/androgen receptor axis in prostate
cancer. Curr Opin Oncol 2012;24:251–7.

9. Yuan X, Cai C, Chen S, Chen S, Yu Z, Balk SP. Androgen receptor functions
in castration-resistant prostate cancer andmechanisms of resistance to new
agents targeting the androgen axis. Oncogene 2014;33:2815–25.

10. Ryan CJ, Tindall DJ. Androgen receptor rediscovered: the new biology and
targeting the androgen receptor therapeutically. J Clin Oncol 2011;
29:3651–8.

11. Longo DL.New therapies for castration-resistant prostate cancer. N Engl
J Med 2010;363:479–81.

12. Attar RM, Takimoto CH, Gottardis MM. Castration-resistant prostate
cancer: locking up the molecular escape routes. Clin Cancer Res 2009;15:
3251–5.

www.aacrjournals.org Clin Cancer Res; 23(3) February 1, 2017 733

AR-V7 and PSA Transcripts in the Blood of Prostate Cancer Men

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/23/3/726/2042032/726.pdf by guest on 27 M

arch 2025



13. Jarman M, Barrie SE, Llera JM. The 16,17-double bond is needed for
irreversible inhibition of human cytochrome p45017alpha by abiraterone
(17-(3-pyridyl)androsta-5, 16-dien-3beta-ol) and related steroidal inhibi-
tors. J Med Chem 1998;41:5375–81.

14. O'Donnell A, Judson I, Dowsett M, Raynaud F, Dearnaley D, Mason M,
et al. Hormonal impact of the 17alpha-hydroxylase/C(17,20)-lyase inhib-
itor abiraterone acetate (CB7630) in patients with prostate cancer. Br J
Cancer 2004;90:2317–25.

15. Li Z, Bishop AC, Alyamani M, Garcia JA, Dreicer R, Bunch D, et al.
Conversion of abiraterone to D4A drives anti-tumour activity in prostate
cancer. Nature 2015;523:347–51.

16. TranC,Ouk S, CleggNJ, Chen Y,Watson PA, Arora V, et al. Development of
a second-generation antiandrogen for treatment of advanced prostate
cancer. Science 2009;324:787–90.

17. Wadosky KM, Koochekpour S. Therapeutic rationales, progresses, failures,
and future directions for advanced prostate cancer. Int J Biol Sci 2016;
12:409–26.

18. Attard G, Reid AH, Yap TA, Raynaud F, Dowsett M, Settatree S, et al. Phase I
clinical trial of a selective inhibitor of CYP17, abiraterone acetate, confirms
that castration-resistant prostate cancer commonly remains hormone
driven. J Clin Oncol 2008;26:4563–71.

19. 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 J
Med 2011;364:1995–2005.

20. 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 J Med 2013;368:138–48.

21. Taplin ME, Montgomery B, Logothetis CJ, Bubley GJ, Richie JP, Dalkin BL,
et al. Intense androgen-deprivation therapy with abiraterone acetate plus
leuprolide acetate in patients with localized high-risk prostate cancer:
results of a randomized phase II neoadjuvant study. J Clin Oncol
2014;32:3705–15.

22. Ravi P, Mateo J, Lorente D, Zafeiriou Z, Altavilla A, Ferraldeschi R, et al.
External validation of a prognostic model predicting overall survival in
metastatic castrate-resistant prostate cancer patients treated with abirater-
one. Eur Urol 2014;66:8–11.

23. Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K, et al.
Increased survival with enzalutamide in prostate cancer after chemother-
apy. N Engl J Med 2012;367:1187–97.

24. Guo Z, Yang X, Sun F, Jiang R, Linn DE, Chen H, et al. A novel androgen
receptor splice variant is up-regulated during prostate cancer progression
and promotes androgen depletion-resistant growth. Cancer Res
2009;69:2305–13.

25. Dehm SM, Schmidt LJ, Heemers HV, Vessella RL, Tindall DJ. Splicing of a
novel androgen receptor exon generates a constitutively active androgen
receptor that mediates prostate cancer therapy resistance. Cancer Res
2008;68:5469–77.

26. Lu J, Van der Steen T, TindallDJ. Are androgen receptor variants a substitute
for the full-length receptor? Nat Rev Urol 2015;12:137–44.

27. Hu R, Dunn TA, Wei S, Isharwal S, Veltri RW, Humphreys E, et al.
Ligand-independent androgen receptor variants derived from splicing
of cryptic exons signify hormone-refractory prostate cancer. Cancer Res
2009;69:16–22.

28. Hu R, Lu C, Mostaghel EA, Yegnasubramanian S, Gurel M, Tannahill C,
et al. Distinct transcriptional programs mediated by the ligand-dependent
full-length androgen receptor and its splice variants in castration-resistant
prostate cancer. Cancer Res 2012;72:3457–62.

29. Li Y, Chan SC, Brand LJ, Hwang TH, Silverstein KA, Dehm SM. Androgen
receptor splice variants mediate enzalutamide resistance in castration-
resistant prostate cancer cell lines. Cancer Res 2013;73:483–9.

30. Watson PA, Chen YF, Balbas MD, Wongvipat J, Socci ND, Viale A, et al.
Constitutively active androgen receptor splice variants expressed in cas-
tration-resistant prostate cancer require full-length androgen receptor. Proc
Natl Acad Sci U S A 2010;107:16759–65.

31. Hornberg E, Ylitalo EB, Crnalic S, Antti H, Stattin P, Widmark A, et al.
Expression of androgen receptor splice variants in prostate cancer bone

metastases is associated with castration-resistance and short survival.
PLoS One 2011;6:e19059.

32. Fenner A.Prostate cancer: unravelling AR splice variant signalling in CPRC.
Nat Rev Urol 2012;9:410.

33. Ciccarese C, Santoni M, Brunelli M, Buti S, Modena A, Nabissi M, et al. AR-
V7 and prostate cancer: the watershed for treatment selection? Cancer Treat
Rev 2016;43:27–35.

34. Sun S, Sprenger CC, Vessella RL, Haugk K, Soriano K, Mostaghel EA,
et al. Castration resistance in human prostate cancer is conferred by a
frequently occurring androgen receptor splice variant. J Clin Invest
2010;120:2715–30.

35. Yu Z, Chen S, Sowalsky AG, Voznesensky OS, Mostaghel EA, Nelson
PS, et al. Rapid induction of androgen receptor splice variants by
androgen deprivation in prostate cancer. Clin Cancer Res 2014;20:
1590–600.

36. Antonarakis ES, Lu C, Wang H, Luber B, Nakazawa M, Roeser JC, et al. AR-
V7 and resistance to enzalutamide and abiraterone in prostate cancer.
N Engl J Med 2014;371:1028–38.

37. Antonarakis ES, Lu C, Luber B, Wang H, Chen Y, Nakazawa M, et al.
Androgen receptor splice variant 7 and efficacy of taxane chemotherapy in
patients with metastatic castration-resistant prostate cancer. JAMA Oncol
2015;1:582–91.

38. OnstenkW, Sieuwerts AM, Kraan J, VanM, Nieuweboer AJ, Mathijssen RH,
et al. Efficacy of cabazitaxel in castration-resistant prostate cancer is
independent of the presence of AR-V7 in circulating tumor cells. Eur Urol
2015;68:939–45.

39. Scher HI, Lu D, Schreiber NA, Louw J, Graf RP, Vargas HA, et al.
Association of AR-V7 on circulating tumor cells as a treatment-specific
biomarker with outcomes and survival in castration-resistant prostate
cancer. JAMA Oncol 2016 Jun 4. [Epub ahead of print].

40. Kantoff PW, Halabi S, Farmer DA, Hayes DF, Vogelzang NA, Small EJ.
Prognostic significance of reverse transcriptase polymerase chain reaction
for prostate-specific antigen in men with hormone-refractory prostate
cancer. J Clin Oncol 2001;19:3025–8.

41. Halabi S, Small EJ, Hayes DF, Vogelzang NJ, Kantoff PW. Prognostic
significance of reverse transcriptase polymerase chain reaction for pros-
tate-specific antigen in metastatic prostate cancer: a nested study within
CALGB 9583. J Clin Oncol 2003;21:490–5.

42. Ross RW, Manola J, Hennessy K, Galsky M, Scher H, Small E,
et al. Prognostic significance of baseline reverse transcriptase-PCR
for prostate-specific antigen in men with hormone-refractory pros-
tate cancer treated with chemotherapy. Clin Cancer Res 2005;11:
5195–8.

43. McDermott GP, Do D, Litterst CM, Maar D, Hindson CM, Steenblock ER,
et al. Multiplexed target detection using DNA-binding dye chemistry in
droplet digital PCR. Anal Chem 2013;85:11619–27.

44. Hindson CM, Chevillet JR, Briggs HA, Gallichotte EN, Ruf IK, Hindson BJ,
et al. Absolute quantificationbydroplet digital PCR versus analog real-time
PCR. Nat Methods 2013;10:1003–5.

45. Oh WK, Hayes J, Evan C, Manola J, George DJ, Waldron H, et al. Devel-
opment of an integrated prostate cancer research information system. Clin
Genitourin Cancer 2006;5:61–6.

46. Nguyen HC, Xie W, Yang M, Hsieh CL, Drouin S, Lee GS, et al. Expression
differences of circulating microRNAs in metastatic castration resistant
prostate cancer and low-risk, localized prostate cancer. Prostate 2013;
73:346–54.

47. Dodd DW, Gagnon KT, Corey DR. Digital quantitation of potential
therapeutic target RNAs. Nucleic Acid Ther 2013;23:188–94.

48. Takeuchi T, Okuno Y, Hattori-Kato M, Zaitsu M, Mikami K. Detection of
AR-V7 mRNA in whole blood may not predict the effectiveness of novel
endocrine drugs for castration-resistant prostate cancer. Res Rep Urol
2016;8:21–5.

49. Reig O, Marin-Aguilera M, Carrera G, Jimenez N, Pare L, Garcia-Recio S,
et al. TMPRSS2-ERG in blood and docetaxel resistance in metastatic
castration-resistant prostate cancer. Eur Urol 2016 Feb 29. [Epub ahead
of print].

Clin Cancer Res; 23(3) February 1, 2017 Clinical Cancer Research734

Qu et al.

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/23/3/726/2042032/726.pdf by guest on 27 M

arch 2025



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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 [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




