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Mitotane has a strong
inducing effect on CYP3A4 activity
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Abstract

Context: The effects of mitotane on pharmacokinetics of co-administered drugs are
unknown. The aim of the present study was to describe the effects of mitotane on the
pharmacokinetics of the phenotypic probe midazolam and of sunitinib.

Patient and Methods: Sunitinib and midazolam pharmacokinetics were evaluated in
9 patients during sunitinib therapy. Two of these patients had adrenocortical carcinoma
(ACC) and were treated with mitotane. Serial blood samples for pharmacokinetic analysis
of midazolam, 1-hydroxy-midazolam and sunitinib were collected at steady-state sunitinib
pharmacokinetics (between days 14-20). To assess CYP3A4 activity the patients received
a single dose of oral midazolam 7.5mg concomitantly with sunitinib at the day of PK
assessment.

Results: Both mitotane treated patients showed highly induced CYP3A4 activity reflected by
decreased midazolam exposure compared to the other 7 patients (mean AUCy_1on,+ SD=7.8
+ 2.6 ug*hr/L vs. 139.6 + 59.7 ug*hr/L, resp), increased 1-hydroxy-midazolam exposure (mean
AUCqqonr £ SD = 341.8 £ 69.6 ug*hr/L vs. 35.2 + 11.5 ug*hr/L, resp) and a decreased sunitinib
exposure (mean AUCqanr = SD= 268 + 0.3 ug*hr/L vs 1344 + 358 ug*hr/L, resp).
Conclusions: Mitotane is associated with a strong inducing effect on CYP3A4 activity
which will result in clinically relevant interactions since many drugs are metabolized by this

enzyme.
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Introduction

Mitotane (o,p-DDD) is used to treat patients with adrenocortical carcinoma (ACC)"2. Careful
monitoring of serum drug levels is important, because mitotane has a narrow therapeutic
window, Mitotane levels > 14 mg/L are required for the therapeutic effects, whereas serum
drug levels >20mg/L correlate with considerable side-effects especially neurologic toxicity’.
Since mitotane accumulates in adipose tissue, the plasma elimination half-life is extremely
long (18-159 days). Consequently, it can take months to reach steady-state pharmacokinetics
and, conversely, it takes also months to observe a decrease in plasma levels after discontinu-
ation of mitotane®. Unfortunately, many patients show progressive disease despite treatment
with mitotane. Therefore, more effective additional treatment modalities are warranted,
including polychemotherapy.

Surprisingly, there is hardly any information available on the metabolic pathways of mitotane,
nor on the potential influence of mitotane on the metabolism of co-administered drugs.
However, organochlorine insecticides, to which mitotane is chemically closely related, induce
microsomal liver enzymes*. In accordance, a case report described an interaction between
mitotane and the anticoagulant warfarin which resulted in increased warfarin requirements,
suggesting induction of metabolizing enzymes by mitotane®.

In the present report the pharmacokinetic effects of mitotane on cytochrome P450 (CYP)
3A4 activity is described using the phenotypic probe midazolam®. Midazolam is extensively
metabolized by CYP3A4 and to a lesser extent by CYP3AS5”. Itis used as a phenotypic probe
to determine the activity of CYP3A4’ . In addition, we describe the effect of mitotane on the
exposure to a relatively new oral anticancer drug sunitinib. Sunitinib is also metabolized by
CYP3A4 to an equally active metabolite SU12662, which is further metabolized to inactive
moieties by CYP3A48. These studies were performed in 9 patients with different malignan-
cies who participated in a sunitinib pharmacokinetic study designed to determine the rela-
tion between CYP3A4 activity and sunitinib exposure. Two of these patients showed a very
different pharmacokinetic profile. Both patients were treated with mitotane for ACC.

Patients and Methods

Patients

Nine patients were included in the pharmacokinetic study. Two patients (1 male; 46 years old,
72kg, Eastern Cooperative Oncology Group (ECOG) performance status = 1 and 1 female;
42 years old, 65kg, ECOG performance status = 1) with metastatic ACC showed progressive
disease despite mitotane therapy and were treated with sunitinib as an experimental therapy.

The other 7 patients (1 female, 6 male; 2 gastrointestinal stromal tumors, 2 metastatic renal
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cell carcinoma, 1 prostate carcinoma, 1 chordoma and 1 osteosarcoma; median (range) age
=60 (41 - 77); weight = 82kg (68 — 98); ECOG performance status = 1 (0 — 1)) used sunitinib
without mitotane therapy. The study was approved by the institutional ethics committee
(Leiden University Medical Center, The Netherlands), and all patients gave written informed
consent before entering the study.

Study design

All patients were treated with sunitinib 37.5 — 50 mg once daily in a “four weeks on - two
weeks off” dosing schedule. Pharmacokinetic assessment of midazolam and sunitinib at
steady-state was performed between days 14 - 20. A single dose of midazolam 7.5 mg was
administered concomitantly with the regular dose of sunitinib. Blood samples were collected
pre-dose, and 0, 10, 20, 40 minutes; 1,2, 3,4, 5, 6, 7,8, 10, 12, 24 hours after midazolam and

sunitinib administration.

Measurement

The mitotane concentrations in both patients were measured by gas chromatographic —
electron capture detection assay®. Sunitinib concentrations were quantified by liquid chro-
matographic tandem mass spectrometric (LC/MS/MS) assay'®. Midazolam and 1-hydroxy-

midazolam levels were determined by LC/MS/MS assay.

Pharmacokinetic analysis

Sunitinib, midazolam and 1-hydroxy-midazolam plasma exposure was assessed by non-
compartimental methods using WinNonlin (version 5.2.1) (Pharsight Corporation, Mountain
View, CA, USA). Midazolam and 1-hydroxy-midazolam exposure (AUCq_1op,) Was assessed
over 12 hours since midazolam and 1-hydroxy-midazolam have a short half-life (1.0-3.5 hr
and 0.8-1.0 hr, respectively), and therefore the elimination was nearly completed at 12 hour
post-dose. Sunitinib exposure (AUCq.o4n,) Was assessed over 24 hours. The mitotane concen-

trations of both mitotane users were determined in the pre-dose blood sample.

Results

Clinical characteristics of patients with ACC

Patient 1,a 44 year old man, was diagnosed in March 2007 with ACC in his right adrenal gland
of 3.5 inches. The primary tumor was extirpated. However, in May 2007 there was local and
distal recurrence of ACC. Mitotane therapy was started in May 2007. After failed standard
systemic anti-tumour therapies he started with sunitinib as an experimental therapy in

December 2007 in addition to mitotane (3.5 g tid). Although there was progressive disease
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during mitotane treatment the patient continued this therapy since it was hypothesized that
some cells might still be sensitive to mitotane. The patient was treated with sunitinib for
three months (2 treatment cycles of 6 weeks) and stopped since no response to sunitinib was
observed. In January 2008, the patient volunteered in the pharmacokinetic study.

Patient 2, a 44 year old woman, was diagnosed in June 2005 with ACC in her right adrenal
gland with two hepatic metastases with a total tumor radius of ~ 6.3 inches. The adrenal
gland was extirpated and in addition a segmental resection of the liver was performed. In
September 2006 there was recurrence of the tumor. Mitotane therapy started in June 2005
and continued until August 2007. After failed standard systemic anti-tumour therapies she
started with sunitinib as an experimental therapy in October 2007 and was treated with
sunitinib for three months (2 treatment cycles) and stopped since no response to sunitinib
therapy was observed. In October 2007, the patient volunteered in the pharmacokinetic
studly.

Pharmacokinetic data

Mitotane has an extremely long elimination half life (18-159 days) and therefore an effect
of mitotane on co-administered drugs could still be present although mitotane therapy
stopped several months before (patient 2). Indeed, the mitotane serum concentrations were
8.1 mg/L in patient 1 and 49 mg/L in patient 2. Both mitotane exposed patients showed
highly induced CYP3A4 activity resulting in decreased sunitinib, and midazolam exposure
(including increased 1-hydroxy-midazolam exposure) (Fig. 1).

The two mitotane treated patients showed markedly reduced sunitinib exposure (AUCq-4h)
compared to the other 7 patients (mean AUCq_p4n, £ SD= 268 + 0.3 ug*hr/L versus 1344 +
358 ug*hr/L, respectively, Fig. 1A) as well as compared to sunitinib exposure levels reported
in literature (mean AUCqo4n, = SD = 965 + 367 pug*hr/L" and 1296 + 358 ug*hr/L").

In addition, mitotane treatment was associated with strikingly reduced midazolam exposure
(AUCq-1ohy) compared to the exposure measured in the other patients (mean AUCqy.1onr £
SD = 7.8 £ 2.6 pg*hr/L versus 139.6 + 59.7 ug*hr/L, respectively, Fig. 1B). Examples of dose
normalized (7.5 mg) midazolam exposure levels reported in literature are: (AUCq_1op £ SD)
116 + 574 pg*hr/L® and (AUCy... £ SE) 120.6 + 15.7 ug*hr/L". Midazolam is metabolized by
CYP3A4 into 1-hydroxy-midazolam and to a lesser extent into 4-hydroxy-midazolam. Both
patients treated with mitotane showed highly elevated 1-hydroxy-midazolam exposure
levels (AUCq.1ony) compared to the other patients in the sunitinib pharmacokinetic study
(mean AUCq.1on, = SD = 341.8 + 69.6 ug*hr/L versus 35.2 + 11.5 ug*hr/L, respectively, Fig. 10),
indicative of increased CYP3A4 activity.
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Figure 1 Individual plasma concentrations of A) sunitinib, B) midazolam and
C) 1-hydroxy-midazolam.
The 2 black curves represent the mitotane treated patients, the gray curves
the 7 non-mitotane treated patients.
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Discussion

Mitotane treatment was associated with induced metabolism of midazolam as well as of
sunitinib in these 2 patients. Since midazolam is mainly metabolized by CYP3A4 with little
affinity for CYP3AS5, ABCB1 and ABCG2 our observation supposedly is the result of a strong
inducing effect of mitotane on CYP3A4 activity” " ' This observation is clinically relevant, since
many drugs are metabolized through CYP3A4 e.g. simvastatin, clarithromycin, cyclosporine
etc”. Consequently, co-administration of mitotane is likely to result in drug-drug interactions,
as observed with midazolam and sunitinib. This inducing effect of mitotane on CYP3A4 is
extremely potent even in comparison with the CYP3A4 inducing effects of rifampicin. The
CYP3A4 inducing effect of mitotane in our study (17.8-fold decrease in midazolam exposure)
is much stronger than the effect described for rifampicin on midazolam exposure (8.0-fold
decrease in midazolam exposure)®.

In conclusion, in this pharmacokinetic study we observed a very strong CYP3A4 inducing
effect of mitotane which led to a significant drug-drug interaction with sunitinib even after
2 month of cessation of mitotane therapy. This CYP3A4 inducing effect of mitotane will also
affect the pharmacokinetics of other drugs which are metabolized by CYP3A4 and can thus
cause considerable drug-drug interactions. We can not exclude additional effects of mito-
tane on other metabolizing enzymes. Therefore, physicians who treat ACC patients with mi-
totane should be aware of these potential drug interactions which can result in inadvertent
therapeutic failure of the co-administered drug.

155

Mitotane has a strong inducing effect on CYP3A4 activity

Chapter 9



References

156

Bergenstal DM, Lipsett MB, Moy RH, Hertz R.
Regression of Adrenal Cancer and Suppression of
Adrenal Function in Man by O,P' Ddd. Transactions
of the Association of American Physicians 1959;
72:341-350.

Allolio B, Hahner S, Weismann D, Fassnacht M.
Management of adrenocortical carcinoma. Clin
Endocrinol (Oxf) 2004; 60(3):273-287.

Baudin E, Pellegriti G, Bonnay M et al. Impact of
monitoring plasma 1,1-dichlorodiphenildichlo-
roethane (o,p'DDD) levels on the treatment of
patients with adrenocortical carcinoma. Cancer
2007; 92(6):1385-1392.

Street JC. VI. Biochemical and pathological effects.
Organochlorine insecticides and the stimulation
of liver microsome enzymes. Ann N Y Acad Sci
USA 1969; 160(1):274-290.

Cuddy PG, Loftus LS. Influence of mitotane on the
hypoprothrombinemic effect of warfarin. South
Med J 1986; 79(3):387-388.

Magnusson MO, Dahl ML, Cederberg J, Karlsson
MO, Sandstrom R. Pharmacodynamics of
carbamazepine-mediated induction of CYP3A4,
CYP1A2, and Pgp as assessed by probe substrates
midazolam, caffeine, and digoxin. Clin Pharmacol
Ther 2008; 84(1):52-62.

Fuhr U, Jetter A, Kirchheiner J. Appropriate
phenotyping procedures for drug metabolizing
enzymes and transporters in humans and their
simultaneous use in the “cocktail” approach. Clin
Pharmacol Ther 2007; 81(2):270-283.

Goodman VL, Rock EP, Dagher R et al. Approval
summary: sunitinib for the treatment of imatinib
refractory or intolerant gastrointestinal stromal
tumors and advanced renal cell carcinoma. Clin
Cancer Res 2007; 13(5):1367-1373.

Moolenaar AJ, Niewint JW, Oei IT. Estimation of
o,p-DDD in plasma by gas-liquid chromatog-
raphy. Clin Chim Acta 1977; 76(2):213-218.

Minkin P,Zhao M, Chen Z, Ouwerkerk J, Gelderblom
H, Baker SD. Quantification of sunitinib in human
plasma by high-performance liquid chromatog-
raphy-tandem mass spectrometry. J Chromatogr
B Analyt Technol Biomed Life Sci 2008; 874(1-
2):84-88.

HoukBE,BelloCL,Kang D,AmanteaM.Apopulation
pharmacokinetic meta-analysis of sunitinib malate
(SU11248) and its primary metabolite (SU12662) in
healthy volunteers and oncology patients. Clin
Cancer Res 2009; 15(7):2497-2506.

Faivre S, Delbaldo C, Vera K et al. Safety, pharma-
cokinetic, and antitumor activity of SU11248, a
novel oral multitarget tyrosine kinase inhibitor,
in patients with cancer. J Clin Oncol 2006;
24(1):25-35.

Mueller SC, Majcher-Peszynska J, Mundkowski
RG et al. No clinically relevant CYP3A induction

after St. John's wort with low hyperforin content
in healthy volunteers. Eur J Clin Pharmacol 2009;
65(1):81-87.

Farkas D, Oleson LE, Zhao Y et al. Pomegranate
juice does not impair clearance of oral or
intravenous midazolam, a probe for cytochrome
P450-3A activity: comparison with grapefruit
juice. J Clin Pharmacol 2007; 47(3):286-294.

Kim RB, Wandel C, Leake B et al. Interrelationship
between substrates and inhibitors of human
CYP3A and P-glycoprotein. Pharm Res 1999;
16(3):408-414.

Kurnik D, Wood AJ, Wilkinson GR. The
erythromycin breath test reflects P-glycoprotein
function independently of cytochrome P450 3A
activity. Clin Pharmacol Ther 2006; 80(3):228-234.
The Trustees of Indiana University. P450 Drug
Interaction  Table.  http://medicine.iupui.edu/
clinpharm/ddis/table.asp accessed june 2009.
Chung E, Nafziger AN, Kazierad DJ, Bertino JS, Jr.
Comparison of midazolam and simvastatin as
cytochrome P450 3A probes. Clin Pharmacol Ther
2006; 79(4):350-361.

Mitotane has a strong inducing effect on CYP3A4 activity

Chapter 9



