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CASE REPORT

A clinically relevant decrease in abiraterone
exposure associated with carbamazepine use
in a patient with castration-resistant
metastatic prostate cancer
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ADVERSE EVENT
Decreased abiraterone exposure after introducing carbamazepine.

DRUGS IMPLICATED
Abiraterone acetate and carbamazepine.

THE PATIENT

A 65-year-old man with metastatic castration resistant prostate cancer, was treated with abiraterone acetate and prednisolone,
and received concomitant carbamazepine for treatment of facial neuropathy.

EVIDENCE THAT LINKS THE DRUG TO THE EVENT

The interaction was confirmed by a decrease in abiraterone exposure >2-fold (area-under-the-curve and trough levels). After
discontinuation of carbamazepine therapy, the abiraterone exposure normalized. No alternative causes were found that explain
the decrease in abiraterone exposure.

MECHANISM
Induction of CYP3A and potentially phase | metabolism (SULT2A1) by carbamazepine.

IMPLICATIONS FOR THERAPY

Clinicians and pharmacists should be aware of this clinically relevant interaction. The national drug—drug interaction checker does
not warn for this interaction, whereas both the Lexicomp® and Micromedex® advice to avoid if possible or to increase the
abiraterone dose frequency to twice daily. Carbamazepine should not be combined with abiraterone to avoid underexposure and
suboptimal therapy. Therapeutic drug monitoring of abiraterone is useful to guide therapy when drug-drug interactions cannot
be avoided.

Abiraterone acetate isa CYP17-inhibitor used to treat met- dose, exposure correlates well with treatment outcome (2-4)
astatic castration resistant prostate cancer(mCRPC) [1, 2]. and that a threshold for abiraterone Cyougn (8.4 ng ml ™)
There is accumulating evidence that, in the clinically used is correlated with prostate specific antigen (PSA) response
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during therapy [3-6]. In our clinic, Therapeutic Drug
Monitoring (TDM) of abiraterone is performed to support
treatment, for example, in case of drug-drug interactions [7].
Abiraterone is metabolized by sulfotransferase2A1 (SULT2A1)
and CYP3A4 and inhibits CYP2D6 and CYP2C8 metabo-
lism [8]. A retrospective study found theoretical potential
drug-drug interactions in 52% of the mCRPC patients; how-
ever, many theoretical interactions have not been studied
thus far [9, 10]. We report on an interaction between carba-
mazepine and abiraterone acetate leading to a clinically rel-
evant decrease in abiraterone exposure.

A 65-year-old man was diagnosed with de novo bone
metastatic prostate cancer and progressed within 5 months
under androgen-deprivation therapy. Docetaxel was
initiated as first-line therapy for castration-resistant prostate
cancer, but had to be discontinued following 1 cycle due to
severe treatment-related toxicity. Combination treatment
with radium-223-chloride and abiraterone acetate 1000 mg
once daily plus prednisolone 10 mg was commenced due
to symptomatic clinical and radiological progression
(PSA 85 pg 17!, reference value <4,5 ug 1°'). Ten days after
start of abiraterone acetate, the patient visited the neurologist
for facial neuropathy, possibly due to bone metastatic disease
of the skull base affecting the trigeminal nerve. Therefore,
carbamazepine, which is known to be a strong inducer of
CYP3A4, was prescribed in a dose of 200 mg twice daily. The
medical oncologist noticed the potential drug-drug interac-
tion. Following consultation with the neurologist, it was
decided to continue the carbamazepine as no good alterna-
tive was available; after consulting the pharmacologist, the
decision was made to evaluate the severity of the potential
drug-drug interaction by monitoring the plasma concentra-
tion of abiraterone. Co-medication that was used concur-
rently with abiraterone acetate and prednisolone therapy
was paracetamol, leuproreline, pantoprazole,
calcium/cholecalciferol, demosumab, clemastine, and
fentanyl. No interference of the other co-medication on
abiraterone metabolism is expected. We assessed the plasma
pharmacokinetics (PK) of abiraterone by sampling a PK curve
2 weeks after start of carbamazepine (PSA 98 pg1™'). This time
period was considered to be appropriate to reach maximal in-
ducing effects on metabolizing enzymes and steady-state
pharmacokinetics of abiraterone. Abiraterone was measured
with our validated LC-MS/MS method that is described in
further detail in a previously published article [11]. The assay
ranged from 1 to 500 ng ml~!, and the limit of detection
was 0.01 ng ml~'. Within- and between-day precisions
and accuracies were below 13.4% and within 95-102%.
Carbamazepine was discontinued after one month due to
side effects (anemia, leukocytopenia, and thrombocytope-
nia). One month after discontinuation of carbamazepine
(PSA 100 pg 171, an additional PK assessment was performed
to compare abiraterone exposure alone versus abiraterone
with concomitant carbamazepine. A 67% decrease in
abiraterone area under the concentration (AUC) time curve
was observed during treatment with carbamazepine, and
Crrougn level was decreased by 61% (Figure 1). Although the
patient’s condition had improved, no PSA response was
observed (maximum PSA decline of 5% at 2 months follow-
ing treatment initiation). After 7 months of abiraterone
therapy, treatment was discontinued due to radiological and
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Figure 1

Pharmacokinetic curve for abiraterone 1000 mg once daily alone
and with co-medication carbamazepine 200 mg b.i.d. Solid line:
Abiraterone alone AUC: 696 ng*h I71; Cirough 6.9 19 I-". Dashed line:
Abiraterone with carbamazepine AUC;,¢: 229 pg*h I Cirough
2.7 ug I'". The mean exposures in the phase Ill trials; AUC of 993
ug*h I"" and Cyrough Was 11.1 pg 1™ [7]

biochemical progression (PSA level 640 pg 17'). Informed
consent for publication of anonymous medical data was
given by the patient.

We report a clinical meaningful drug-drug interaction
between abiraterone and carbamazepine that resulted in a
decreased exposure of abiraterone (67% and 61% for AUC
and Cyougn, respectively). We could not identify any
alternative explanation. Our case adds to the limited infor-
mation that is available, since no clinical data on a drug-drug
interaction between abiraterone and carbamazepine were
published previously. In a drug—drug interaction study, mean
abiraterone exposure (AUC) was decreased by 55% with
another strong CYP3A4 inducer, rifampicin [10]. Currently,
the package labels (FDA and EMA) advice to avoid strong
inducers of CYP3A4, whenever possible. If no alternatives
are available, the FDA recommends an increase of abiraterone
to 1000 mg twice daily (bid) dosing, however without previ-
ous clinical data to corroborate this advice (Table 1) [7, 8].
Our case supports the recommendation to avoid this
combination, but whether a bid dosing schedule would be
sufficient to overcome this interaction remains unanswered.
Such an intervention should be supported with TDM where
possible, since the high inter- and intra-patient variability of
abiraterone exposure complicates the prediction of the effect.
The effect of carbamazepine on abiraterone exposure in this
case exceeds the intra-patient variability (31%) by twofold;
therefore, it is likely that the observed decrease in exposure
is not merely explained by intra-patient variability [3].

According to the Drug Interaction Probability Score, this
interaction is probable with a score of 5 out of 9 [12]. The
observed interaction is consistent with the known effects of
carbamazepine, since CYP3A4 is one of the main metaboliz-
ing enzymes for abiraterone. Induction of both CYP3A
and SULT2A1 is mediated by the pregnane X receptor
(PXR) which is induced by carbamazepine [13] (Figure 2).
There were insufficient data to assess the time course of the
interaction; however, we anticipated that the induction by
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. Case Report

Table 1

CYP3A4 inducers, product label advice and evidence for drug-drug interaction

CYP3A4
inducer

Effect on abiraterone
exposure

FDA label EMA label Evidence

Rifabutin Unknown Avoid or increase dose frequency to twice Avoid unless there is no Not available

daily alternative

Carbamazepine 67% decrease in exposure (AUC)  Avoid or increase dose frequency to twice Avoid unless there is no This case
daily alternative
St. Johns Wort  unknown Not mentioned in the label Avoid unless there is no Not available

alternative

' Ligand
J (e.g.carbamazepine)

Phase I metabolism
cell membrane

C ABT
n-oxide ABT sulfate

Exposure
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Figure 2

Schematic and simplified illustration of drug-drug interaction mediated by the pregnane X receptor. The nuclear receptor PXR is activated by the
ligand (e.g., carbamazepine) and forms a heterodimer with the nuclear receptor RXR. The activated PXR complex induces expression of the CYP3A
enzyme (mainly in the enterocytes and hepatocytes), and this affects the metabolism of the substrate of CYP3A (abiraterone) resulting in a de-
creased exposure. CYP3A, cytochrome P450; PXR, pregnane X receptor RXR; retinoid X receptor; ABT, abiraterone; SULT, sulfotransferase

carbamazepine was maximal after 2 weeks of therapy and
was resolved 1 month after stopping carbamazepine. It
was not possible to re-challenge this interaction, no other
objective clinical consequences could be measured and no
dosage changes of carbamazepine or abiraterone were
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evaluated. Unfortunately, our assay was not developed to
measure the (inactive) metabolites of abiraterone. This
could have provided more data on the mechanism of the
interaction. Bayesian dose forecasting is a promising tech-
nique to tailor dosing as was shown previously, for



example, in patients treated with immunosuppressive drugs
and antibiotics [14, 15]. This technique could also be useful
for oral anticancer drugs. However, frequent monitoring
and validation of this technique would be necessary to
apply to the current drug-drug interaction case report given
the intra-patient variability of abiraterone (>30%) [16].

Furthermore, this case represents a further example of
the lack of information on an important drug-drug interaction.
Consistent with our recently published article in the journal,
no uniform recommendation on the management was found
for three widely used drug interaction databases (Micromedex®,
Lexicomp®, and the drug Dutch database) [17].

In conclusion, this case demonstrates a clinically relevant
drug-drug interaction, and awareness of clinicians is necessary.
The combination is best avoided pending data on adequate
dose adjustments. If there is no alternative to use, then dose
adjustments should be accompanied by measurement of plasma
concentrations to prevent underexposure to abiraterone.

Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyper-
linked to corresponding entries in http://www.guideto-
pharmacology.org, the common portal for data from the
IUPHAR/BPS Guide to PHARMACOLOGY (18], and are per-
manently archived in the Concise Guide to PHARMACOL-
OGY 2017/18 [19, 20].
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