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Clinical Practice Points

� Abiraterone acetate, which is metabolized in the liver,
is a well-established treatment option for patients with
metastatic castration-resistant prostate cancer. The
impact of hepatic impairment on exposure to abir-
aterone was well-studied during registration studies,
and abiraterone acetate is contraindicated for patients
with severe hepatic impairment. Patients with a liver
transplant are prone to impaired liver functions and
use medication that may affect drug metabolism.
However, no efficacy, tolerance, and pharmacokinetic
data have been published on abiraterone treatment in
patients who have undergone liver transplants.

� In this case report, we established plasma concen-
trations of abiraterone and its major metabolites, D(4)-
abiraterone, abiraterone N-oxide sulfate, and

abiraterone sulfate, in a patient with metastatic
castration-resistant prostate cancer with a hepatic
transplant who was treated with abiraterone in a
reduced dose of 500 mg daily.

� Treatment was effective and well-tolerated, and
plasma concentrations were above the suggested
trough concentration threshold of 8.4 ng/mL. More-
over, the exposure to immunosuppressive drugs was
within expected therapeutic ranges.

� From this case, we conclude that abiraterone actetate
seems to be a feasible and safe treatment strategy for
patients with a hepatic transplant. However, further
clinical studies should be performed in order to
confirm these findings.
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Introduction
Abiraterone acetate (Zytiga) is a 17a-hydroxylase/C17,20-lyase

(CYP17) inhibitor, which prevents the production of tumor-
stimulating androgens such as testosterone. Abiraterone acetate was
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registered for treatment of metastatic castration-resistant prostate
cancer (mCRPC) as it improves overall survival and progression-free
survival in this patient population compared with placebo.1,2

After oral ingestion, abiraterone acetate is rapidly deacetylated into
the active substance abiraterone.3 Further hepatic metabolism of
abiraterone is extensive, and the inactive metabolites abiraterone N-
oxide sulfate and abiraterone sulfate are formed.3,4 More recently, the
active metabolite D(4)-abiraterone (D4A) was discovered, which is
formed by conversion of abiraterone by the enzyme 3b-hydroxysteroid-
dehydrogenase.5,6 D4A not only blocks CYP17, but also inhibits
multiple steroidic enzymes and blocks the androgen receptor,6,7 which
makes it likely that D4A is even more potent than abiraterone.

Clinical studies have shown that approximately 2% of patients using
abiraterone acetate show liver function test elevations. Therefore, dose
modifications are recommended for patients who develop hepatotox-
icity while on treatment.3 In a dedicated hepatic impairment study,
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Abiraterone Acetate in a Patient With a Hepatic Transplant
exposure to abiraterone (1000 mg once daily [QD]) was similar in
subjects with mild hepatic impairment (Child-Pugh classification A;
n¼ 8) and in subjects with normal hepatic function.However, subjects
withmoderate hepatic impairment (Child-Pugh classificationB; n¼ 8)
and severe hepatic impairment (Child-Pugh classification C; n ¼ 8)
had higher exposure, a higher maximum concentration (Cmax), and a
longer elimination half-life (t1/2) compared with subjects with a normal
hepatic function. From this study, it was concluded that a dose
reduction to 250 mg is recommended in patients with moderate he-
patic impairment, whereas abiraterone acetate is contraindicated in
patients with severe hepatic impairment.8

Although the impact of hepatic impairment on abiraterone
exposure was studied during registration, no treatment adjustments
are provided for patients with cancer with a hepatic transplant.
Patients with a functional liver transplant are at risk to develop
impaired liver functions and use medication that may affect drug
pharmacokinetics.9 We here present a case of a patient with
mCRPC with a hepatic transplant who was treated with abiraterone
acetate. Plasma concentrations of abiraterone and its major metab-
olites were assessed, and concomitant treatment with immunosup-
pressive agents cyclosporin and mycophenolic acid was evaluated.

Case Report
A 76-year-old male with a history of localized prostate cancer and a

hepatic transplant presented with mCRPC. The liver transplant was
placed in 2006 because of liver failure owing to primary biliary cirrhosis
with Child-Pugh classification B/C. After a first rejection of the liver
allograft, a second liver transplant was placed in the same year. To date,
the liver function of this second transplant is adequate.

The patient was first diagnosed with cT1cNxM0 prostate cancer
and a Gleason score of 6 in 2000 and was initially treated with
external beam radiotherapy to the prostate. In 2017, bone metas-
tases were found, and androgen deprivation treatment (goserelin
10.8 mg subcutaneously every 3 months) was initiated. mCRPC
was established in 2018 when serum prostate-specific antigen (PSA)
levels progressed under suppressed serum testosterone levels (< 1.7
nmol/L). Patient characteristics are given in Table 1. Concomitant
immunosuppressive medication consisted of cyclosporin (50 mg
twice daily [BID]), mycophenolic acid (1500 mg BID), and other
medication, including denosumab (70 mg every month), calcium
carbonate/cholicalciferol (1.25g/800 IE QD), ursodeoxycholic acid
(250 mg BID), and pantoprazole (20 mg BID). In October 2018,
progressive bone metastases were established, and abiraterone ace-
tate in combination with prednisone (5 mg BID) under fasting
conditions was initiated. Because the tolerance of abiraterone in a
patient with a liver transplant could not be predicted, abiraterone
treatment was initiated at a reduced dose of 500 mg QD. Abir-
aterone acetate treatment was well-tolerated with an initial drop in
serum PSA from 119 to 36.6 ng/mL. However, 2 months after the
start of therapy, the PSA level slightly increased, and prednisone was
replaced by dexamethasone (0.5 mg QD) to re-induce abiraterone
sensitivity.10 During abiraterone and dexamethasone treatment, the
PSA further declined to 28.8 ng/mL. Furthermore, a decrease in
serum alkaline phosphatase levels was observed, which may serve as
a biomarker for the extent of bone metastasis.11

During treatment, plasma concentrations of abiraterone and its
main metabolites D4A, abiraterone N-oxide sulfate, and abiraterone
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sulfate were measured using validated liquid chromatography-
tandem mass spectrometry methods.12,13 Plasma trough concen-
trations (Ctrough) of abiraterone and its metabolites were calculated
using Equation 1, in order to compare the individual plasma levels
with Ctrough concentrations from literature. Plasma concentrations
were above the suggested target concentration of 8.4 mg/L,14 and
thus abiraterone remained at 50% of the dose throughout treat-
ment. Table 1 shows the exposure to cyclosporin and mycophenolic
acid as well as plasma concentrations of abiraterone and its me-
tabolites during treatment. Figure 1 visualizes the active drug and
metabolite concentrations along with PSA levels.15

Ctrough ¼ CTAD � 0:5
24�TAD

t1
2 Equation 1

Wherein Ctrough is the calculated trough concentration in mg/L
and CTAD the measured concentration in mg/L at the recorded time
after abiraterone acetate dosing (TAD), given in hours. Trough
concentrations were calculated using the following t1/2: 15 hours for
abiraterone, abiraterone sulphate, and D4A, and 21.6 hours for
abiraterone N-oxide sulphate, respectively.4 Furthermore, exposure
to cyclosporin and mycophenolic acid was monitored using a
limited sampling strategy: drug concentrations were determined at
0, 1, 2, and 3 hours after administration, and the area under the
curve was estimated from 0 to 12 hours (AUC0-12).

16

Discussion
Abiraterone acetate treatment is an effective treatment option for

patients with mCRPC. Although it is known that the exposure to
abiraterone is higher in patients with moderate and severe hepatic
impairment compared with subjects with a normal hepatic func-
tion,8 no data has been published on the exposure to abiraterone in
hepatic transplant recipients. In this case report, we describe the
treatment with abiraterone of a patient with mCRPC who had
undergone a previous liver transplant.

Treatment options for mCRPC, apart from abiraterone acetate,
include enzalutamide and docetaxel. Enzalutamide is a strong cy-
tochrome P450 3A4 (CYP3A4) inducer and was therefore not
recommended in combination with cyclosporin, whereas docetaxel
may elevate hepatic markers and is contraindicated for patients with
hepatic dysfunction.17,18 Therefore, this patient was treated with
abiraterone acetate, which was tolerated well at the administered
dose of 500 mg QD, and, most importantly, no hepatotoxicity was
observed. Plasma concentrations were determined at steady-state,
with the mean trough concentration of abiraterone being 33 mg/
L. In a prospective observational trial in patients with mCRPC, a
relationship was found between abiraterone trough levels and PSA
response. PSA-responders (n ¼ 38) had significantly higher plasma
concentrations of abiraterone compared with non-responders (n ¼
23) (12.0 vs. 8.0 mg/L; P ¼ .0015). By receiver operating charac-
teristics analysis, a minimum Ctrough of 8.4 mg/L was defined as a
target for exposure to abiraterone.14 In our case, the calculated
trough concentrations were above this threshold, indicating
adequate exposure to abiraterone with 50% of the dose.

The mean trough concentration of the active metabolite D4A
(1.5 mg/L) was in line with the mean Ctrough in a previously reported
study (1.6 mg/L; n ¼ 36).19 Mean trough concentrations of



Table 1 Patient Characteristics at Baseline and During Treatment

Parameter Baseline 1 Month 2 Months 3 Months 4 Months

Dose, mg (QD) e 500 500 500 500

Plasma concentrations, mg/La

Abiraterone e 47.8 (131) 30.3 (70.1) 20.9 (45.8) e

D4A e 2.00 (5.42) 1.40 (3.31) 1.00 (2.15) e

Abiraterone N-oxide sulfate e 3619 (7440) 5609 (10,200) 5991 (10,500) e

Abiraterone sulfate e 5907 (16,200) 3966 (9160) 3123 (6850) e

AUC0-12, mg/L�h
Cyclosporin 1.42 e e 1.08 e

Mycophenolic acid 48 e e 34

PSA, mg/L 119.2 36.61 39.65 46.07 28.76

Kidney function

Creatinine, mmol/L 100 100 87 99 90

eGFR (MDRD-4) 63 63 74 64 71

Hepatic markers

Bilirubin, total, mmol/L 18 11 13 14 15

Bilirubin, direct, mmol/L e e e e 7

ASAT, U/L 33 21 24 19 26

ALAT, U/L 20 21 18 15 13

g-GT, U/L 141 89 70 49 56

Alkaline phosphatase, U/L 1153 2326 1045 419 359

Change from baseline, % e 202 91 36 31

Albumin, g/L 41 41 45 43 45

Total protein, g/L 73 69 71 71 69

LDH, U/L 182 148 179 168 176

APTT, sec 28 e e e 29

PT-INR 1.1 e e e 1.1

Haptoglobulin, g/L e e e e 1.0

t-Amylase, U/L e e e e .61

Cholesterol, mmol/L e e e e 4.7

Tryglycerides, mmol/L e e e e 1.0

Ammoniak, mmol/L e e e e 32

Testosterone, nmol/L e < 0.025 < 0.025 < 0.025 < 0.025

Abbreviations: ALAT ¼ alanine aminotransferase; APTT ¼ activated partial thromboplastin time; ASAT ¼ aspartate aminotransferase; AUC ¼ area under the curve; D4A ¼ D(4)-abiraterone;
eGFR ¼ estimated glomerular filtration rate; g-GT ¼ gamma-glutamyltransferase; LDH ¼ lactate dehydrogenase; MDRD ¼ Modification of Diet in Renal Disease; PSA ¼ prostate-specific antigen;
PT-INR ¼ prothrombin time-international normalized ratio.
aCalculated trough concentrations and the originally measured plasma concentrations in parentheses.
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abiraterone N-oxide sulfate and abiraterone sulfate were 5073 mg/L
and 4332 mg/L, respectively. To our knowledge, no abiraterone N-
oxide sulfate and abiraterone sulfate concentrations have been re-
ported in patients with mCRPC with which to compare these data.

Abiraterone is a strong inhibitor of CYP2D6 and a mild inhibitor
of CYP2C8, while being metabolized by SULT2A1, CYP3A4, and
3b-hydroxysteroid-dehydrogenase. Furthermore, the major metab-
olites, abiraterone sulfate and abiterone N-oxide sulfate, inhibit the
uptake transporter organic-anion-transporting polypeptide 1B1
(OATP1B1) in vitro.20 Cyclosporin inhibits breast cancer resistant
protein (BCRP) and OATP1B and is substrate for CYP3A4 and P-
glycoprotein (P-gp), whereas mycophenolic acid is predominantly
metabolized by uridine 5’-diphospho-glucuronosyltransferase 1A9
(UGT1A9) and is substrate for transporters OATP, BCRP, and
multi-drug resistant associated protein 2 (MRP2).21,22 Based on this
information, OATP inhibition by abiraterone metabolites and
cyclosporin may affect mycopholic acid exposure. However, this
putative interaction did not affect treatment of our patient, as
exposure to mycophenolic acid was well-tolerated, and the AUC was
within the therapeutic range (30-60 mg/L�h16). The combination
of cyclosporin and mycophenolic acid was given to preserve renal
function in this patient with 1 kidney and some renal insufficiency,
as cyclosporin may induce nephrotoxicity. The cyclosporin dose was
based on liver enzymes, resulting in an AUC of 1.08 mg/L�h.

Conclusion
In this case report, a patient with mCRPC with a hepatic transplant

was treated with abiraterone acetate at a reduced dose of 500 mg QD.
Plasma levels of abiraterone and its active metabolite D4A were similar
to those observed in patients with mCRPC without a hepatic
Clinical Genitourinary Cancer October 2019 - e895



Figure 1 Plasma Concentrations of Abiraterone and D4A, Including PSA Levels in a Patient With a Hepatic Transplant Treated With
Abiraterone Acetate (500 mg QD). *Prednisone Was Replaced by Dexamethasone, Resulting in a PSA Decline

Abbreviations: D4A ¼ D(4)-abiraterone; PSA ¼ prostate-specific antigen; QD ¼ once daily.

Abiraterone Acetate in a Patient With a Hepatic Transplant
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transplant, no clinical relevant toxicity was observed, and exposure to
immunosuppressive drugs mycophenolic acid and cyclosporin were
within expected therapeutic ranges. The patient responded well to the
treatment, showing a PSA decrease of> 50%. It can thus be concluded
that treatment with abiraterone acetate at a 50% reduced dose seems
feasible and safe for hepatic transplant recipients. It is, however, rec-
ommended to monitor liver functions and plasma concentrations of
abiraterone during treatment. Further clinical studies should be per-
formed in order to confirm these findings.
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