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HSD3B1(1245A>C) variant regulates dueling
abiraterone metabolite effects in prostate cancer
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BACKGROUND. A common germline variant in HSD3B1(1245A>C) encodes for a hyperactive 33-hydroxysteroid dehydrogenase
1(3BHSD1) missense that increases metabolic flux from extragonadal precursor steroids to DHT synthesis in prostate cancer.
Enabling of extragonadal DHT synthesis by HSD3B1(1245C) predicts for more rapid clinical resistance to castration and
sensitivity to extragonadal androgen synthesis inhibition. HSD3B1(1245C) thus appears to define a subgroup of patients who
benefit from blocking extragonadal androgens. However, abiraterone, which is administered to block extragonadal androgens,
is a steroidal drug that is metabolized by 3HSD1 to multiple steroidal metabolites, including 3-keto-5a-abiraterone, which
stimulates the androgen receptor. Our objective was to determine if HSD3B1(1245C) inheritance is associated with increased
3-keto-5a-abiraterone synthesis in patients.

METHODS. First, we characterized the pharmacokinetics of 7 steroidal abiraterone metabolites in 15 healthy volunteers.
Second, we determined the association between serum 3-keto-5a-abiraterone levels and HSD3B1 genotype in 30 patients

Introduction

Prostate cancer progression is highly dependent on androgen
receptor (AR) stimulation by testosterone and its more potent
5a-reduced metabolite, Sa-dihydrotestosterone (DHT) (1, 2). The
long-standing standard-of-care treatment for metastatic prostate
cancer has therefore been androgen deprivation therapy (ADT) by
way of medical or surgical castration (3). Frequent clinical respons-
es to ADT are typically followed by the development of castra-
tion-resistant prostate cancer (CRPC), which is accompanied by
intratumoral production of potent androgens (i.e., testosterone
and DHT) from extragonadal precursor steroids (4). Synthesis of
testosterone and/or DHT in CRPC from extragonadal precursors
that originate from the adrenal gland (e.g., DHEA and DHEA-
sulfate) and/or de novo synthesis from cholesterol both have
an absolute requirement for steroid A> — A* isomerization and
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treated with abiraterone acetate (AA) after correcting for the determined pharmacokinetics.

RESULTS. Patients who inherit 0, 1, and 2 copies of HSD3B1(1245C) have a stepwise increase in normalized 3-keto-50-
abiraterone (0.04 ng/ml, 2.60 ng/ml, and 2.70 ng/ml, respectively; P = 0.002).

CONCLUSION. Increased generation of 3-keto-5a-abiraterone in patients with HSD3B1(1245C) might partially negate
abiraterone benefits in these patients who are otherwise more likely to benefit from CYP17A1 inhibition.

FUNDING. Prostate Cancer Foundation Challenge Award, National Cancer Institute.

33-OH — 3-keto oxidation — reactions that are catalyzed by
the enzyme 3B-hydroxysteroid dehydrogenase 1 (3pHSD1) (5,
6). The common (20%-35% allele frequency) germline vari-
ant HSD3BI1(1245C) encodes for a protein degradation-resistant
3BHSD1, which effectively increases intratumoral testosterone and/
or DHT synthesis from extragonadal precursor steroids (7). Patients
with advanced prostate cancer who inherit the HSD3BI1(1245C)
variant have worse outcomes after initiation of ADT and more
rapid development of CRPC because they have enabled enzymatic
machinery that makes use of extragonadal precursor steroids (8-
11). On the other hand, HSD3B1(1245C) inheritance may result in a
tumor dependence on extragonadal precursors, as evidenced by its
association with more sustainable clinical responses to the nonste-
roidal CYP17A1 inhibitor, ketoconazole (12). Together, these data
suggest that HSD3BI inheritance is a prostate cancer determinant
of relative gonadal versus extragonadal androgen dependence and
that patients with HSD3BI(1245C) inheritance may benefit from
earlier ablation of extragonadal androgen synthesis (13).
Abiraterone is a potent steroidal inhibitor of CYP17A1 (an
enzyme required for extragonadal androgen synthesis) and when
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Figure 1. Schema of abiraterone metabolism by steroidogenic enzymes. Abiraterone is metabolized by 3BHSD1 to D4A, which is then metabolized to 6
downstream metabolites, including the AR agonist 3-keto-5a-Abi. In patients who inherit the HSD3B1(1245A>C) variant, 3BHSD1 is resistant to degrada-

tion and metabolism is faster, leading to higher levels of 3-keto-5a-Abi. Green arrows denote increased metabolic flux with the 3BHSD1 variant enzyme.

Red box denotes the metabolite with known AR agonist activity.

used in combination with prednisone it prolongs survival in the
setting of CRPC (14, 15). More recently, abiraterone acetate (AA)
plus prednisone has been shown to have a survival benefit that
is more profound when administered up front along with ADT
for the treatment of metastatic castration-sensitive prostate
cancer (CSPC) (16, 17). However, the 33-OH A’-steroidal struc-
ture of abiraterone makes it susceptible to catalysis by 3HSD to
A*-abiraterone (D4A) (18) and subsequently 5p-reductase and
5a-reductase, resulting in the generation of three 5B-reduced
metabolites and three 5a-reduced metabolites in patients, includ-
ing 3-keto-5a-abiraterone (3-keto-5a-Abi; Figure 1), which stimu-
lates AR and tumor progression in mouse xenograft models (19,
20). Currently, it is not known if HSD3BI(1245C) inheritance
increases 3-keto-50-Abi synthesis, just as it hastens DHT syn-
thesis from extragonadal precursor steroids. We hypothesized
that HSD3BI1(1245C) inheritance is associated with serum levels
of 50-reduced abiraterone metabolites, including 3-keto-5a-Abi.
Here, we performed a 2-part study to test this hypothesis. First,
we performed a pharmacokinetic (PK) study to define the tem-
poral generation of steroidal abiraterone metabolites. Second,
we determined the association between HSD3BI genotype and
steroidal abiraterone metabolites, including the three 5a-reduced
metabolites (3-keto-5a-Abi, 3a-OH-50-Abi, 38-OH-5a-Abi) after
normalizing for PK.
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Results

Pharmacokinetics of biochemically active steroidal metabolites of
abiraterone in healthy volunteers. Fifteen healthy male volun-
teers received a single dose of AA (1,000 mg plus 240 mg apalu-
tamide, an AR antagonist). Plasma samples were collected at-0.5
(predose), 0.5, 1, 1.5, 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours, and
analyzed for steroidal abiraterone metabolites by our published
liquid chromatography-tandem mass spectrometry (LC-MS/MS)
method (21). Using Phoenix WinNonlin 6.3 software, we per-
formed a noncompartmental analysis to describe the disposition
of each compound based on mechanisms of formation and deg-
radation (Supplemental Table 1; supplemental material available
online with this article; https://doi.org/10.1172/JCI98319DS1).
The metabolites reached a maximum concentration 1.9-19.3
hours after administration. D4A and 3-keto-5a-Abi were readily
formed, with a recorded mean time to reach the maximum con-
centration (¢_ ) of 2.07 hours and 2.70 hours, respectively. The
5B-abiraterone metabolites had longer ¢ values: 16.8 hours for
3B-OH-5B-Abi and 19.33 hours for 3a-OH-5f-Abi. The mean time
for the last detectable concentration (¢, ) for D4A was 25.3 hours
whereas the ¢, value for 3-keto-5a-Abi was 62.4 hours. The mean

last

maximum concentration (C_ ) was 90 ng/ml for abiraterone,

max’

0.91 ng/ml for D4A, and 5.5 ng/ml for 3-keto-50-Abi. Among the
metabolites, 3-keto-5a-Abi had the highest C__, almost 6 times

max’
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Figure 2. Mean plasma concentrations of abiraterone and steroidal metabolites after a single dose of AA and apalutamide in 15 healthy volunteers.
The mean plasma concentration at each time point was used to generate the plots for (A) abiraterone, (B) D4A, (C) 5a-Abi metabolites, and (D) 5B-Abi

metabolites. Error bars represent SEM.

higher than D4A. As shown in the mean plasma concentration ver-
sus time plots (Figure 2, A-D), metabolism to D4A peaked the ear-
liest and then rapidly declined. These data show that concentra-
tions of the AR agonist 3-keto-5a-Abi are much higher than the AR
antagonist D4A, even after a single dose of AA. These data also
suggest that the elucidation of any link between genetics and the
three 5a-reduced abiraterone metabolites that rapidly generate
and decline probably requires an accounting of pharmacokinetics.

Association between HSD3BI genotype and abiraterone metabo-
lites in patients with CRPC. We next conducted a study in patients
with metastatic CRPC who were receiving AA plus prednisone as
standard-of-care treatment in order to determine if inheritance of
the HSD3BI genotype is associated with production of steroidal
abiraterone metabolites that are regulated by the cognate 3BHSD1
enzyme (Table 1). In the context of low versus high 38HSD1 enzy-
matic activity, robust Sa-reductase activity (which follows 3BHSD)
would be expected to lead to low versus high levels of 5a-reduced
steroid metabolites (22). We therefore hypothesized that inheri-
tance of the HSD3B1(1245C) variant that encodes for a protein
degradation-resistant enzyme would correlate with higher serum
concentrations of Sa-abiraterone metabolites, including 3-keto-
50-Abi, which exhibits AR agonist activity (19). As the PK results in
healthy volunteers show, the formation of 3-keto-5a-Abi starts ear-
ly after AA administration, and the serum concentration is highly
dependent on the time elapsed since administration. Patients
received a daily dose of 1,000 mg AA, and blood was drawn dur-
ing routine clinic visits. Time from prior AA dose to blood draw
(1-16 hours) was recorded for each patient at the time of blood
draw. Concentrations of abiraterone and its steroidal metabolites
were measured in the sera using LC-MS/MS, as was done with
the PK study in healthy volunteers (Supplemental Table 2) (21).
To correct for variations between the last AA dose and blood draw

among individual patients with CRPC, the abiraterone metabolite
concentrations (D4A, 3-keto-5a-Abi, 30-OH-5a-Abi, 33-OH-5a-
Abi, 3-keto-5p-Abi, 3a-OH-5B-Abi, and 33-OH-5B-Abi) in these 30
patients were normalized to the 8-hour time point of the PK study
in healthy controls to account for their respective PK parameters.
All patients were genotyped for HSD3BI using germline DNA from
buffy coat and grouped by genotype. Of the 30 patients in this
analysis, 8 (27%) were homozygous wild-type (WT), 19 (63%) were
heterozygous (HZ), and 3 (10%) were homozygous variant (MT).
HSD3BI1(1245C) variant allele inheritance was associated with
a significant increase in the concentrations of all three 5a-reduced
abiraterone metabolites, with the highest concentrations observed
in patients with homozygous variant HSD3BI. The normalized
values for 3-keto-50-Abi, which is the specific metabolite with AR
agonist activity (19), had a stepwise concentration increase of 0.04
ng/ml, 2.60 ng/ml, and 2.70 ng/ml (P = 0.002) for patients who
inherited O, 1, or 2 copies of the HSD3BI(1245C) variant, respec-
tively (Table 2). Concentrations of 3a-OH-50-Abi (P = 0.0001) and
3B-OH-50-Abi (P = 0.006) similarly and significantly increased
with the number of HSD3B1(1245C) variant alleles inherited,
further imputing a mechanistic biochemical link between more
active 3BHSD1 enzyme activity and downstream 5o-reduced ste-
roidal metabolites. In contrast, there was no significant association
between HSD3BI variant allele inheritance and normalized con-
centrations of abiraterone, D4A, and all 5B-abiraterone metabo-
lites (Table 2 and Figure 3). Alternative analysis using normaliza-
tion to the 4-hour (instead of 8-hour) time point of the PK study
(Supplemental Table 3) also yielded correlation coefficients that
were statistically significant for all three 5So-reduced abiraterone
metabolites but not the other metabolites. Comparisons with
ANOVA, Tukey’s honest significant difference test (Supplemental
Table 4), and corrections for false discovery rates (Supplemental
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Table 1. Patient characteristics

Genotype Race Treatment duration Age at blood draw
(months)*
WT1 NW 24 72
WT 2 NW 2 85
WT3 NW 12 57
WT 4 NW 1 72
WT5 w 8 69
WT6 w 13 54
WT7 NW 5 47
WT 8 NW n 63
HZ1 w 32 69
HZ 2 w 39 76
HZ3 w 26 55
HZ 4 NW 2 55
HZ 5 w 3 73
HZ 6 w 3 81
HZ7 NW 1 60
HZ 8 NW 3 74
HZ9 w 1 72
HZ 10 w 2 70
HZ 11 w 1 69
HZ12 w 1 66
HZ 13 w 39 76
HZ 14 NW 2 81
HZ 15 NW 22 67
HZ 16 w 5 87
HZ 17 w n 84
HZ18 w 25 79
HZ19 w 2 57
MT1 w 21 80
MT 2 w 8 75
MT 3 w 5 70

PSA decline >50%

PFS on Abi (months)  Pathology (Stage upon diagnosis/

Gleason grade)

Yes 24 1(T1C), G6 (3+3)
Yes 12 NR, NR

Yes 17 4,69 (4+5)
Yes 6 4,09 (5+4)
Yes 388 NR, G7 (4+3)
Yes 25 4,09 (4+5)
Yes 16 4,69 (5+4)
Yes 26 2A, G7 (4+3)
Yes 47 2b, G7 (3+4)
Yes 51 NR, G6 (3+3)
Yes 44 3 (T3a), G9 (4+5)
NR 22 2¢, G9 (4+5)
No 1 NR, G7 (3+4)
Yes 10 1c, G7 (3+4)
Yes 228 4,68 (4+4)
Yes 248 NR, G (5+4)
Yes 68 4 NR

Yes 3 NR, G6 (3+3)
Yes 6 NR, G9 (5+4)
No 1 2a (Pt2a), G7 (3+4)
Yes 738 2 (Pt2), G7 (3+4)
No 1 3b, G7 (4+3)
Yes 438 NR, G7 (4+3)
Yes 1 4,69 (5+4)
Yes 19 NR, G9 (4+5)
Yes 34 NR, G6 (4+2)
Yes 338 4,09 (4+5)
Yes 24 2¢, G6 (3+3)
Yes 12 4,68 (4+4)
Yes 15 3,69(4+5)

AThe time on Abi at the time of blood draw. 8Still undergoing treatment. WT, wild-type; HZ, heterozygous; MT, homozygous variant; W, European descent;

NW, not of European descent; NR, not reported.

Table 5) further support the association between HSD3BI variant
allele inheritance and the 5a-reduced abiraterone metabolites.

HSD3BI (1245 A>C) and response to abiraterone acetate. We per-
formed Kaplan-Meier analysis for progression-free survival (PFS)
on abiraterone acetate treatment, grouped by HSD3BI genotype
(Supplemental Figure 1). We also conducted the log-rank test and
found no statistically significant difference between the 3 geno-
types (P = 0.22). However, we note that this cohort is probably too
small for meaningful evaluation.

Discussion

The standard of care for the upfront treatment of metastatic
prostate cancer has recently progressed from the use of gonadal
testosterone deprivation therapy (i.e., castration) to depletion of
both gonadal and extragonadal androgens with the use of castra-
tion and AA plus prednisone (16, 17). However, the duration of
response remains widely variable, suggesting frequent mismatch-
es between the biology in individual patients and their respective
treatments. The selection and application of frontline systemic
therapy as well as the use of subsequent second-line therapies do
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not make use of genetic and biochemical information pertinent
to the molecular and metabolic diversity of prostate cancers and
the spectrum of disease-driving biological processes. Metabolic,
genetic, and clinical data all show that the HSD3B1(1245C) variant
encodes for a stable enzyme that increases DHT synthesis from
extragonadal precursor steroids (7), leading to more rapid resis-
tance to castration (8-11) and longer clinical responses to phar-
macologic inhibition of extragonadal androgens (12). An open
question was whether the HSD3B1(1245C) variant also engages
in a confounding effect on pharmacologic therapy because it also
utilizes abiraterone as a substrate, thereby converting it to abi-
raterone metabolites that directly interact with AR (18, 19).

The data presented here strongly suggest that germline
HSD3BI genotype inheritance is a determinant of abiraterone
metabolism by steroidogenic enzymes. Of the 7 steroidal abi-
raterone metabolites downstream of 3pHSD1 tested, only the three
Sa-reduced metabolites increased as a function of the number
HSD3BI1(1245C) alleles inherited. Notably, there was no increase
in D4A, which is the immediate abiraterone metabolite down-
stream of 3BHSD1. This can be explained because the increased
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Table 2. Polyserial correlation of normalized abiraterone metabolite concentrations (ng/ml) and
HSD3B1 genotype, based on normalization to the 8-hour PK time point

Abiraterone/metabolite WT HZ MT
(n=8) (n=19) (n=3)
Abiraterone 10.56 16.50 790
D4A 019 0.26 014
3-keto-50-Abi 0.04 2.59 2.70
30t-0H-501-Abi -0.15 0.74 119
3-0H-50-Abi 0.02 0.21 0.51
3-keto-53-Abi 0.26 047 0.27
30i-0H-503-Abi 0.56 0.85 167
33-0H-5[3-Abi 1.07 2.60 1.89

Correlation coefficient P

combination with apalutamide,
whereas the analysis in part 2
comparing HSD3BI genotypes
was done in castrated patients
(p) with continuous AA dosing who

0.04 0.85 were also treated with prednisone.
014 047 However, any differences attrib-
048 0.002 utable to single versus continu-
0.5 0.0001 ous dosing would be expected to
045 0.006 confound the apparent correlation
31321 333 between HSD3BI genotype and
0 041 S5a-reduced abiraterone metabo-

lites that we found and thus might
be even stronger than our data

D4A that is generated with HSD3BI1(1245C) inheritance is not
allowed to accumulate due to rapid 5a-reduction to 3-keto-5a-Abi,
30-OH-50-Abi, and 3p-OH-5a-Abi. Although there is a trend for
an increase in the concentration of 3a-OH-58-Abi (P = 0.09) with
HSD3BI1(1245C) inheritance, there is no statistically significant
increase in the concentration of any of the three 58-reduced abi-
raterone metabolites, which are also downstream of D4A. How-
ever, the 5B-reduced metabolites exhibit a delayed rise and more
sustained levels when compared with the 5a-reduced metabolites.
Some individuals exhibit a rise after nadir 5B-reduced abiraterone
metabolite levels (not shown) that are not apparent in the mean
values. Together, these characteristics might be attributable in
part to enterohepatic circulation, which is probably due in some
part to the 5B-reduced structural commonality between these
metabolites and bile acids, which are known to undergo enterohe-
patic circulation (23).

Although 3-keto-5a-Abi is a modest AR agonist that is substan-
tially weaker than DHT, its presence in the near-complete absence
of endogenous androgens in the setting of gonadal and extrago-
nadal androgen deprivation may be deleterious. Furthermore,
clinical outcomes data consistently show that HSD3BI1(1245C)
inheritance confers a switch to a decreased tumor dependence on
gonadal androgens and increased dependence on extragonadal
androgens (8-12), together suggesting that this genetically defined
population that identifies a certain steroid physiology may have a
disproportionate benefit from CYP17A1 blockade with a nonste-
roidal CYP17A1 inhibitor (12). In contrast to nonsteroidal CYP17A1
inhibition, HSD3B1(1245C) inheritance does not appear to corre-
late with duration of response to AA therapy (24). Our data pre-
sented here offer an explanation for these contrasting findings and
show that in the context of abiraterone therapy, HSD3BI1(1245C)
inheritance presents the specific conundrum of elevating synthesis
of an AR agonist metabolite in a population that otherwise stands
more to benefit from CYP17A1 inhibition. Although the clinical
consequences of variations in steroidal abiraterone metabolite
concentrations are not yet known, together these data suggest that
patients with HSD3BI(1245C) inheritance may have a greater ben-
efit from an alternative to abiraterone, such as a nonsteroidal agent
that blocks extragonadal androgen synthesis or signaling.

A limitation of our work is that the PK studies in part 1 were
done in noncastrated volunteers after a single dose of AA in

suggest. Another limitation of
our study is the small number (3
patients) in the homozygous variant group.

In conclusion, we find that inheritance of the HSD3B1(1245C)
variant that encodes for a protein degradation-resistant 3HSD1
enzyme is significantly associated with higher serum concentra-
tions of Sa-reduced abiraterone metabolites, including the AR
agonist 3-keto-5a-Abi. This pharmacogenetic effect may partially
negate the benefit of abiraterone in a genetically defined subset of
patients that is otherwise more likely to benefit from extragonadal
androgen ablation. Alternative approaches to therapy should be
explored in patients who harbor the HSD3B1(1245C) variant.

Methods

Subject recruitment and selection. In part 1 of the PK study (conducted
at Janssen Research & Development), 15 healthy male volunteers
received a single oral dose of 1,000 mg AA plus 240 mg apalutamide
under fasted conditions. The results from this study were used to gen-
erate reference data for abiraterone and the metabolites. In part 2, 30
patients with metastatic CRPC were recruited through the Department
of Hematology and Oncology, Taussig Cancer Institute at the Cleve-
land Clinic, Cleveland, Ohio, USA. Patients were included if they were
receiving treatment with AA plus prednisone. Patients with prior keto-
conazole treatment or chemotherapy or who were currently receiving
So-reductase inhibitors were excluded from the analysis. All subjects
provided written informed consent before enrolling at the Cleveland
Clinic under a protocol approved by the institutional review board
(case 7813). Patient characteristics are listed in Table 1.

Determination of abiraterone metabolite pharmacokinetics in healthy
male volunteers. The PK sampling time points were -0.5 (predose), 0.5,
1,15, 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours. Samples were stored at
-80°C for LC-MS/MS analysis. The plasma samples were delivered to
the Cleveland Clinic and analyzed for the steroidal abiraterone metab-
olite concentrations using a validated LC-MS/MS method (21). The
following PK parameters were determined using the noncompartment
method and Phoenix WinNonlin 6.3 software: C__, t
half maximum concentration (t , area under the plasma concen-

time to reach

max? “max’

1/2)’ tlast
tration - time curve from time O to time of the last quantifiable con-
centration (C, ) (AUC, ), area under the plasma concentration time
curve from time O to infinite time (AUCM), elimination rate constant
(K,), mean residence time (MRT), and apparent volume of distribution
during terminal phase after nonintravenous administration of a total

plasma clearance of drug (CL/F) (V /F).

jci.org  Volume128  Number8  August 2018

3337


https://www.jci.org
https://www.jci.org
https://www.jci.org/128/8

CLINICAL MEDICINE

A 3-keto-5a-Abi 30-OH-50-Abi
9.0- . )
3.0-
E 6.0
\gj . 2.0- .
= .
S : :
= |
£ 30 : 191
[0} "~
o
C
5 T
I . 0.0- .
0.0- -
' , -1.0- ]
WT HZ MT WT HZ
B Abiraterone D4A
80y . 0.9
£ o0
2 0.6
C
£ 40 . . '
©
= 0.3
[0}
2
S 20 . :
o
. 0.0-
O.
| i | -0.3- : -
WT HZ MT WT HZ
30-OH-5p-Abi 3B-OH-5p-Abi
2.0- -
. 6.0-
€ 15
(o))
£ 4.0-
c
S
B
g 2.0.
C
[}
o
05.
. . 0.0 i
wT HZ MT wT HZ

MT

MT

MT

The Journal of Clinical Investigation

3p-OH-50-Abi

WT HZ MT

0.5-

0.0- . . !
WT HZ MT

Figure 3. HSD3B1(1245C) variant inheritance is associated with elevated generation of 3-keto-5a-Abi, 30-OH-5¢-Abi, and 3B-50-Abi in 30 patients with
CRPC treated with abiraterone. (A) Higher levels of all three 5a-Abi metabolites were significantly present in patients with the HSD3B1(1245C) genotype.
(B) Abiraterone, D4A, 3-keto-5B-Abi, 3a-0H-5B-Abi, and 3B-5B-Abi concentrations were not significantly correlated with HS03B7 genotype. The levels of
each metabolite were normalized to the 8-hour value in the PK study and the metabolite concentration for each patient at the fixed time point was pre-
dicted by a regression method. The significance of the difference among genotypes for each metabolite was determine by polyserial correlation analysis:

3-keto-5a-Abi, P = 0.002; 3a-0H-5a-Abi, P = 0.0001; 33-50-Abi, P = 0.006.

Determination of abiraterone metabolites in patients with CRPC.In ~ was collected between 1.5 hours and 16 hours after the 1,000 mg
part 2, 30 patients with CRPC (47-87 years of age at time of blood  daily dose in Vacutainer Plus serum blood collection tubes (cata-
draw) diagnosed with prostate cancer between January 1995 and  log BD367814, Becton Dickinson), and allowed to clot. Tubes were
May 2014 who began treatment with AA plus prednisone between  centrifuged at 3,740 g for 10 minutes. Serum aliquots were frozen at
December 2011 and October 2016 were available for study. Blood = -80°C for LC-MS/MS analysis.
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DNA extraction, amplification, and genotyping. DNA was extract-
ed from peripheral blood mononuclear cells using Qiagen’s DNEasy
Blood & Tissue Kit. DNA concentration was quantified using a
ThermoFisher NanoDrop 2000 Spectrophotometer as previously
described (8). Genomic DNA was stored at 4°C. PCR was performed
in 20 pl reactions (final volume) using the following for each reaction:
8 ul LightScanner Master Mix (Biofire; 2.5x Master Mix); 4 pl extracted
genomic DNA (10 ng/ul); 1 ul forward primer (1 uM); 1 pl reverse prim-
er (10 uM); and 1 pl unlabeled LNAG6 probe (10 uM).

The PCR and the melting analyses were performed with an AB
StepOnePlus Real-Time PCR System (Life Technologies) using the
following conditions: initial denaturing for 2 minutes at 95°C, followed
by 60 cycles of 94°C for 30 seconds, 66°C for 30 seconds, and 75°C for
30 seconds. The amplification cycles were followed by melting at 95°C
for 30 seconds followed by cooling to 25°C for 60 seconds, followed
by an increase to 50°C for 15 seconds, and a slow final denaturation
to 95°C at a thermal ramp rate of 0.3%-1%. Data were analyzed using
probe melting derivative peaks. Each validation run was performed
with triplicate control samples representing the 3 different genotypes,
and each sample was tested in triplicate during the study genotyping.

Liquid chromatography tandem mass spectrometry analysis. Abi-
raterone and its steroidal metabolites were determined in the 2 cohorts
using our previously published LC-MS/MS method (21). In brief, the
analytes were extracted from the biological matrix following a liquid-
liquid extraction protocol with methyl tert-butyl ether, and the analytes
were separated applying reversed-phase chromatography.

Statistics. Treating the HSD3BI genotype as an ordinal variable
(WT < HZ < MT) we used polyserial correlation to measure the cor-
relation between the HSD3BI genotype and each metabolite’s con-
centration value (25). We used polycor package in R (version 3.3.3) to
compute the polyserial correlation coefficient p and its P value (the
null hypothesisis p = 0).

Metabolite analysis. Because samples were collected at multiple
time points from multiple patients, we predicted all the patients’
metabolite concentration values at the same time point (8 hours)
based on metabolite measurements from the 15 healthy volunteers.
We first divided the entire time space into 6 time slots: (a) O to less
than 2 hours, (b) 2 to less than 4 hours, (c) 4 to less than 6 hours, (d)
6 to less than 8 hours, (e) 8 to less than 12 hours, and (f) 12 hours or
more. The patients were grouped based on time slot for time from last
dose to blood draw.

CLINICAL MEDICINE

For each time slot, we performed a z-transformation of the
patients’ metabolite concentration values to obtain the same mean
and variance as those of the healthy volunteers in the same time slot,
then used the z-transformed value for analysis. To confirm our find-
ings, we performed the analysis again and based it on the 4-hour pre-
diction (Supplemental Table 3).

We then conducted ANOVA and Tukey’s honest significant differ-
ence (HSD) tests for each metabolite, which involves pairwise compar-
isons of mean metabolite concentration values between genotypes.
This test provides the estimate of difference between 2 means and its
confidence interval (Supplemental Table 4). We also added FDR cor-
rected values for the P values (from polyserial correlation) using the
Benjamini and Hochberg method (Supplemental Table 5).

Study approval. The studies on human samples were reviewed and
approved by the IRB at the Cleveland Clinic. The PK study was conduct-
ed at Janssen Research & Development and approved by the Chesapeake
IRB (approval number Pro00015779). All subjects provided appropriate
prior written informed consent for participation in the study.
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