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General introduction and scope of the thesis

Cancer is the second leading cause of death worldwide, after cardiovascular disease,
accounting for 79 million deaths; ~ 13% of all deaths in 2007. Additionally the incidence of
cancer is increasing. The five most mortal types of cancer are; lung, stomach, liver, colorectal
and esophageal cancer. Over 30% of cancer can be prevented by not using tobacco, having
a healthy diet, being physically active and by preventing infections that may cause cancer'.
Once diagnosed, there are several different types of treatment ranging from resection
(surgery), to radiation (radiotherapy), to systemic therapy used as adjuvant or palliative
therapy. The conventional cytotoxic chemotherapeutic agents have a generic working profile
that interact non-specifically with cellular DNA and/ or tubulin resulting in growth arrest of
all fast growing cells. With the increased understanding of cancer biology, rational design of
targeted drugs has started. Targeted drugs have antitumor activity in selected subgroups of
tumors expressing proteins that are specific for the malignant phenotype?. The clinical use of
targeted therapy started with the development of monoclonal antibodies®. Five years later,
thefirsttyrosine kinase inhibitor was approved for cancer treatment. Tyrosine kinase inhibitors
are a class of targeted therapy that is designed to compete with adenosine-5-triphosphate
(ATP) for the ATP-binding pocket within the intracellular domain of wild type and/or mutated
tyrosine kinase receptor and thereby blocks downstream signaling important for tumor
growth. Imatinib is the first rationally designed tyrosine kinase inhibitor approved in 2001 for
the treatment of three Philadelphia chromosome positive leukemia subtypes®. Since 2001,
seven additional tyrosine kinase inhibitors have been approved, all rationally designed to be
active against specific tyrosine kinases. These targeted drugs tend to have a better toxicity
profile than traditional cytotoxic chemotherapy that interacts non-specifically resulting in
more collateral, transient damage in healthy tissues®. With the introduction of tyrosine kinase
inhibitors a new era of treating tumors has started®.

All tyrosine kinase inhibitors exhibit rather similar pharmacokinetic characteristics. They are
all highly protein bound, have a long half life and a large volume of distribution, they are
all primarily metabolized by cytochrome P450 (CYP) 3A, and predominantly excreted with
the feces’™. However, several pharmacokinetic aspects of these drugs are also unknown.
For example, the absolute bioavailability for most tyrosine kinase inhibitors is unknown as
is the clinical relevance of their interactions with (substrates for and/or inhibitors of) drug
transporters on intestinal cells, hepatocytes, cancer cells and renal cells. Since these drugs
are both substrates and inhibitors of their own metabolic pathways, the metabolism of these
drugs at steady-state exposure is complex and unpredictable.

Therefore, the aim of this thesis is to further explore clinical pharmacological aspects of
two tyrosine kinase inhibitors; imatinib and sunitinib, to better understand steady-state
pharmacokinetics, clinical relevant interactions and genetic determinants that may
predispose for specific side effects of these drugs.
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Most information of the pharmacokinetic behavior of the tyrosine kinase inhibitors originates
from preclinical studies. In addition, clinical studies have revealed important pharmacoki-
netic data of these drugs. An overview of the current knowledge on absorption, distribution,
metabolism, elimination, drug transporter affinity and drug-drug interactions of all approved
tyrosine kinase inhibitors as well as their similarities and differences will be presented in
chapter 2.

Little information is available on the relevance of drug interactions at steady-state pharma-
cokinetics. According to the drug label of imatinib, CYP3A4 is the most important enzyme
responsible for the metabolism. Since many clinically used drugs are known to inhibit or
induce CYP3A4, imatinib is prone for drug-drug interactions. In chapter 3 we will determine
the effect of ritonavir, a potent CYP3A4 inhibitor, on the steady-state imatinib exposure
(AUCQ). Multiple CYP enzymes, such as CYP3A4, 3A5, 2D6, 2C9, 2C19, 1A2, 1A1, are capable of
metabolizing imatinib in in vitro experiments; however there are no data available on the
influence of these minor enzymes on imatinib exposure®™. Since we know that smoking has a
pronounced effect on CYP mediated metabolism and hereby on erlotinib exposure a similar
effect is hypothesized for imatinib. In chapter 4, the effect cigarette smoking on imatinib
exposure will be studied'.

The exact absorption-site of imatinib in the intestines is unknown. Some patients with
gastrointestinal stromal tumor (GIST) may not be able to take imatinib orally, due to tumor
related gastro-intestinal obstruction. Therefore, in chapter 5 we will study imatinib pharma-
cokinetics in a patient after using the rectal route of administration.

Sunitinib, like all tyrosine kinase inhibitors, shows large interpatient variability in drug
exposure which might affect the clinical outcome with respect to both toxicity and efficacy.
In clinical practice ~ 33% of the patients need a dose interruption or a dose reduction due to
drug related toxicities'”"”. We will explore the use of a noninvasive and harmless phenotypic
probe (midazolam) to determine CYP3A4 activity and thereby predict the exposure to
sunitinib before starting sunitinib therapy. The results of this study will be described in
chapter 6. Most interaction studies are performed with a single dose of the drug of interest,
whereas the metabolism at steady-state can be distinctively different due to auto-inhibition
of the primary metabolic pathway”. Some tyrosine kinase inhibitors (imatinib, dasatinib and
nilotinib) appearto be both substrates and inhibitors of CYP3A4'22122 The effect of steady-state
sunitinib exposure on CYP3A4 activity is also described in chapter 6. Additionally, we will
study the association between genetic variants in genes encoding enzymes, transporters
and sunitinib targets and sunitinib induced toxicities (chapter 7).

Since the absolute bioavailability of sunitinib is unknown, the influence of intestinal CYP3A4
activity on sunitinib exposure is unpredictable. However, in the drug label of sunitinib there
is a warning for co-administration of CYP3A4 inhibitors, such as ketoconazole, clarithromycin
and indinavir, but also for grapefruit juice which is a potent inhibitor of intestinal CYP3A4.

The suggested effect of grapefruit juice on steady-state sunitinib exposure will be determined
(chapter 8). A drug-drug interaction in two patients treated with mitotane and sunitinib will
be presented in chapter 9. In chapter 10 a possible explanation will be presented for the
pronounced effect of grapefruit juice on intestinal but absent effect on hepatic CYP3A4 in
healthy volunteers.

Finally the results from these studies will be put into perspective in the general discussion
(chapter 11).

General introduction

Chapter 1



References

WHO. World Health Organization - Cancer. http://
www.who.int/cancer/en/  Accessed  february
2009.

Carden CP, Banerji U, Kaye SB, Workman P, de Bono
JS. From darkness to light with biomarkers in early
clinical trials of cancer drugs. Clin Pharmacol Ther
2009; 85(2):131-133.

Houshmand P, Zlotnik A. Targeting tumor cells.
Curr Opin Cell Biol 2003; 15(5):640-644.

Druker BJ, Talpaz M, Resta DJ et al. Efficacy and
safety of a specific inhibitor of the BCR-ABL
tyrosine kinase in chronic myeloid leukemia. N
EnglJ Med 2001; 344(14):1031-1037.

Faivre S, Demetri G, Sargent W, Raymond E.
Molecular basis for sunitinib efficacy and future
clinical development. Nat Rev Drug Discov 2007;
6(9):734-745.

Baker SD, Hu S. Pharmacokinetic considerations
for new targeted therapies. Clin Pharmacol Ther
2009; 85(2):208-211.

Cohen MH, Williams GA, Sridhara R et al. United
States Food and Drug Administration Drug
Approval summary: Gefitinib (ZD1839; Iressa)
tablets. Clin Cancer Res 2004; 10(4):1212-1218.
Cohen MH, Williams G, Johnson JR et al. Approval
summary for imatinib mesylate capsules in the
treatment of chronic myelogenous leukemia. Clin
Cancer Res 2002; 8(5):935-942.

Johnson JR, Cohen M, Sridhara R et al. Approval
summary for erlotinib for treatment of patients
with locally advanced or metastatic non-small
cell lung cancer after failure of at least one prior
chemotherapy regimen. Clin Cancer Res 2005;
11(18):6414-6421.

Kane RC, Farrell AT, Saber H et al. Sorafenib for the
treatment of advanced renal cell carcinoma. Clin
Cancer Res 2006; 12(24):7271-7278.

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.

Brave M, Goodman V, Kaminskas E et al. Sprycel for
chronic myeloid leukemia and Philadelphia chro-
mosome-positive acute lymphoblastic leukemia
resistant to or intolerant of imatinib mesylate. Clin
Cancer Res 2008; 14(2):352-359.

Medina PJ, Goodin S. Lapatinib: a dual inhibitor of
human epidermal growth factor receptor tyrosine
kinases. Clin Ther 2008; 30(8):1426-1447.

Hazarika M, Jiang X, Liu Q et al. Tasigna for chronic
and accelerated phase Philadelphia chromosome-
-positive chronic myelogenous leukemia resistant
to or intolerant of imatinib. Clin Cancer Res 2008;
14(17):5325-5331.

20.

22.

Peng B, Lloyd P, Schran H. Clinical pharmacoki-
netics of imatinib. Clin Pharmacokinet 2005;
44(9):879-894.

Hamilton M, Wolf JL, Rusk J et al. Effects of smoking
on the pharmacokinetics of erlotinib. Clin Cancer
Res 2006; 12(7 Pt 1):2166-2171.

Demetri GD, van Oosterom AT, Garrett CR et al.
Efficacy and safety of sunitinib in patients with
advanced gastrointestinal stromal tumour after
failure of imatinib: a randomised controlled trial.
Lancet 2006; 368(9544):1329-1338.

Motzer RJ, Hutson TE, Tomczak P et al. Sunitinib
versus interferon alfa in metastatic renal-cell
carcinoma. N Engl J Med 2007; 356(2):115-124.

van der Veldt AAM, Boven E, Helgason HH et al.
Predictive factors for severe toxicity of sunitinib
in unselected patients with advanced renal cell
cancer. Br J Cancer 2008; 99(2):259-265.

van Erp NP, Gelderblom H, Karlsson MO et al.
Influence of CYP3A4 inhibition on the steady-state
pharmacokinetics of imatinib. Clin Cancer Res
2007; 13(24):7394-7400.

O'Brien SG, Meinhardt P, Bond E et al. Effects of
imatinib mesylate (STI571, Glivec) on the phar-
macokinetics of simvastatin, a cytochrome p450
3A4 substrate, in patients with chronic myeloid
leukaemia. Br J Cancer 2003; 89(10):1855-1859.
Tanaka C, Smith T, Kantarjian H et al. Clinical phar-
macokinetics (PK) of AMN107, a novel inhibitor
of Bcr-Abl, in healthy subjects and patients
with imatinib resistant or intolerant chronic
myelogenous leukemia (CML) or replapsed/
refractory Ph+ acute lymphocytic leukemia
(Ph+ALL).J Clin Oncol, 2006 ASCO Annual Meeting
Proceedings Part | Vol. 24, No. 18S, 3095. 2006.

General introduction

Chapter 1



