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Means and methods for improved treatment of cancer based on CYP3A5

The present invention relates to the use of camptothecin drugs, such as irinotecan
(CPT-11) or a derivative thereof for the preparation of a pharmaceutical composition
for treating colorectal cancer, cervical cancer, gastric cancer, lung cancer, malignant
glioma, ovarian cancer, and pancreatic cancer in a patient having a genotype with a
variant allele which comprises a polynucleotide in accordance with the present
invention. Preferably, a nucleotide deletion, addition and/or substitution comprised by
said polynucleotide results in an altered expression of variant allele compared to the
corresponding wild type allele or an altered activity of the polypeptide encoded by the
variant allele compared to the polypeptide encoded by the corresponding wild type
allele. Finally, the present invention relates to a method for selecting a suitable therapy
for a subject suffering from cancer, especially, colorectal cancer, cervical cancer,

gastric cancer, lung cancer, malignant glioma, ovarian cancer or pancreatic cancer.

Irinotecan is a semisynthetic analog of the cytotoxic alkaloid camptothecin (CPT),
which is obtained from the oriental tree, Camptotheca acuminata Camptothecins
demonstrate anti-neoplastic activities by inhibiting specifically with the enzyme
topoisomerase | which relieves torsional strain in DNA by inducing reversible single-
strand breaks [D'Arpa, et al., 1989, Biochim Biophys Acta 989:163-77, Horwitz, et al.,
1973, Cancer Res 33:2834-6]. Irinotecan and its active metabolite SN-38 bind to the
topoisomerase I-DNA complex and prevent religation of these single-strand breaks
[Kawato, et al., 1991, Cancer Res 51:4187-91]. Irinotecan serves as a water-soluble
prodrug of the lipophilic metabolite SN-38 (7-ethyl-10-hydroxycamptothecin) which is
formed from irinotecan by carboxylesterase-mediated cleavage of the carbamate bond
between the camptothecin moiety and the dipiperidino side chain [Tsuji, et al.,, 1991, J
Pharmacobiodyn 14:341-9]. Carboxylesterase-2 is the primary enzyme involved in this
hydrolysis at at pharmacological concentrations [Humerickhouse, et al., 2000, Cancer

Res 60:1189-92]. Topoisomerase inhibition and irinotecan-related single strand breaks
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are caused primarily by SN-38 [Kawato, et al, 1991, Cancer Res 51:4187-91).
Administration of irinotecan has resulted in antitumor activity in mice bearing cancers
of rodent origin and in human carcinoma xenografts of various histological types
[Furuta, et al., 1988, Gan To Kagaku Ryoho 15:2757-60, Giovanella, et al., 1989,
Science 246:1046-8, Giovanella, et al.,, 1991, Cancer Res 51:3052-5, Hawkins, 1992,
Oncology (Huntingt) 6:17-23, Kunimoto, et al., 1987, Cancer Res 47:5944-7].
Irinotecan is also oxidized by CYP3A4 and CYP3A5 [Haaz, et al., 1998, Drug Metab
Dispos 26:769-74, Kuhn, 1998, Oncology (Huntingt) 12:39-42, Santos, et al., 2000,
Clin Cancer Res 6:2012-20, Rivory, et al., 1996, Cancer Res 56:3689-94]. The major
elimination pathway of SN-38 is conjugation with glucuronic acid to form the
corresponding glucuronide (SN-38G) [Atsumi, et al., 1991, Xenobiotica 21:1159-69.].
SN-38G is reported to be deconjugated by the intestinal microflora to form SN-38
[Kaneda, et al., 1990, Cancer Res 50:1715-20]. Glucuronidation of SN-38 is mediated
by UGT1A1 and UGT1A7 [lyer, et al., 1998, J Clin Invest 101:847-54, Ciotti, et al.,
1999, Biochem Biophys Res Commun 260:199-202]). Mass balance studies have
demonstrated that 64% of the total dose is excreted in the feces, confirming the
important role of biliary excretion [Slatter, et al., 2000, Drug Metab Dispos 28:423-33].
Studies suggest that the multidrug resistance protein 1 (MRP1) is a major transporter
of irinotecan and its metabolites [Kuhn, 1998, Oncology (Huntingt) 12:39-42, Chen, et
al., 1999, Mol Pharmacol 55:921-8, Chu, et al., 1997, Cancer Res 57:1934-8, Chu, et
al., 1997, J Pharmacol Exp Ther 281:304-14] and facilitate their biliary excretion,
where they cause side effects, although P-glycoprotein also participates in irinotecan
excretion [Chu, et al., 1998, Cancer Res 58:5137-43, Chu, et al., 1999, Drug Metab
Dispos 27:440-1, Chu, et al., 1999, J Pharmacol Exp Ther 288:735-41, Mattern, et al.,
1993, Oncol Res 5:467-74, Hoki, et al., 1997, Cancer Chemother Pharmacol 40:433-8,
Sugiyama, et al., 1998, Cancer Chemother Pharmacol 42:544-9).

Cellular resistance to camptothecins and thus, therapeutic response of irinotecan has
been related to intracellular carboxylesterase activity and cleavage activity of
topoisomerase | [van Ark-Otte, et al., 1998, Br J Cancer 77:2171-6, Guichard, et al.,
1999, Br J Cancer 80:364-70].

The use of such camptothecin drugs, e.g. irinotecan, is limited by clearly dose-

dependent myelosuppression and gastrointestinal toxicities, including nausea,
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vomiting, abdominal pain, and diarrhea which side effects can prove fatal. The major
dose-limiting toxicity of irinotecan therapy is diarrhea, which occurs in up to 88% of
patients and which depends on intestinal SN-38 accumulation [van Ark-Otte, et al.,
1998, Br J Cancer 77:2171-6, Guichard, et al., 1999, Br J Cancer 80:364-70, Araki, et
al., 1993, Jpn J Cancer Res 84:697-702] secondary to the biliary excretion of SN-38,
the extent of which is determined by SN-38 glucuronidation [Gupta, et al., 1994,
Cancer Res 54:3723-5, Gupta, et al, 1997, J Clin Oncol 15:1502-10].
Myelosuppression has been correlated with the area under the concentration-time
curve of both irinotecan and SN-38 [Sasaki, et al., 1995, Jpn J Cancer Res 86:101-10].
Despite the approval of irinotecan for patients with metastatic colorectal cancer
refractory to 5-fluorouracil therapy in 1997, the therapeutic benefit remains
questionable. Recently two large clinical trials on colorectal cancer involving more than
2000 patients had to be canceled by the National Institute of Cancer (NCI) due to an
almost 3-times increase of irinotecan toxicity-related mortality within the first 60 days of
treatment. Causes of death were diarrhea- and vomiting-related dehydratation and
neutropenia-related sepsis [2001, arznei-telegramm 32:58]. Although irinotecan was
proven to be effective against cancer itself, not all patients could benefit from longterm
survival due to short term toxicity. Thus, it is highly desirable to identify those patients
who will most likely suffer from irinotecan toxicity.

Currently, patients are treated according to most treatment schedules with a standard

dose of initially 60 to 125 mg/m2 irinotecan in combination with other anti-neoplastic

drugs administered several courses of 3 to 4 weekly dosings, and subsequent doses

are adjusted in 25 to 50 mg/m? increments based upon individual patient tolerance to
treatment. Treatment may be delayed 1 to 2 weeks to allow for recovery from
irinotecan-related toxicity and if the patient has not recovered, therapy has to be
discontinued. Provided intolerable toxicity does not develop, treatment with additional
courses are continued indefinitely as long as the patient continues to experience
clinical benefit. Response rates varies depending from tumor type from less than 10 %
to almost 90 %. However, it takes at least 6 to 8 weeks to evaluate therapeutic
response and to consider alternatives. Thus, finding the right dosage for the patient is
tedious, time-consuming and takes the risk of life threatening adverse effects. Patients
might be unnecessary put to this risk who do not benefit from treatment and
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additionally, worthwhile time is wasted before these patients receive their suitable
treatment.

Furthermore, as observed for many chemotherapeutic agents, the risk to develop
cellular resistances against therapy is increased upon suboptimal exposure of cells to
chemotherapeutic agents, such as irinotecan.

Pharmacokinetic modulation with inhibitors of biliary excretion (e. g., MRP and P-
glycoprotein) and inducers of UGT1A1 have been suggested as a tool to reduce
camptothecin-related toxicity [Gupta, et al., 1996, Cancer Res 56:1309-14, Gupta, et
al., 1997, Cancer Chemother Pharmacol 39:440-4]. Although preliminary data of a
clinical study of irinotecan in combination with cyclosporine A, and phenobarbital show
some promising results in respect to limit camptothecin-related diarrhea [Ratain, 2000,
Clin Cancer Res 6:3393-4], cotreatment with drugs such as cyclosporine A, and
phenobarbital takes the additional risk of adverse events and drug interactions.

Large interpatient variability exist for both SN-38 and SN-38G pharmacokinetics
[Canal, et al., 1996, J Clin Oncol 14:2688-95], which is likely to be due to interpatient
differences in the metabolism pathways of irinotecan [Rivory, et al., 1997, Clin Cancer
Res 3:1261-6). Furthermore, severe irinotecan toxicity has been reported in patients
with Gilbert syndrome [Wasserman, et al., 1997, Ann Oncol 8:1049-51]. Consequently,
a genetic predisposition to the metabolism of irinotecan, that patients with low UGT1A1
activity are at increased risk for irinotecan toxicity has been suggested [lyer, et al.,
1998, J Clin Invest 101:847-54, Ando, et al., 1998, Ann Oncol 9:845-7]. A common
polymorphism in the UGT1A1 promoter [Monaghan, et al., 1996, Lancet 347:578-81]
has been correlated with in vitro glucuronidation of SN-38 [lyer, et al., 1999, Clin
Pharmacol Ther 65:576-82], and its possible clinical use has been suggested from a
case control study [Ando, et al., 2000, Cancer Res 60:6921-6]. However, irinotecan-
related toxicity was predicted by UGT1A1 genotype only in the minority of affected
patients (< 15 %).

In conclusion, it would be highly desirable to significantly improve therapeutic efficacy
and safety of camptothecin-based therapies and to avoid therapy-caused fatalities, to
avoid unnecessary development of resistances, and to reduce adverse events- and
therapeutic delay-related hospitalization costs. However, no accepted mechanism for

reducing irinotecan toxicity or to improve therapeutic efficacy are currently available.
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Thus, the technical problem underlying the present invention is to provide improved
means and methods for the efficient treatment of cancer, preferably, colorectal cancer,
cervical cancer, gastric cancer, lung cancer, malignant glioma, ovarian cancer, and
pancreatic cancer, whereby the aforementioned undesirable side effects are to be
avoided.

The technical problem underlying the present invention is solved by the embodiments

characterized in the claims.

Accordingly, the present invention relates to the use of irinotecan or a derivative

thereof for the preparation of a pharmaceutical composition for treating cancer,

preferably, colorectal cancer, cervical cancer, gastric cancer, lung cancer, malignant

glioma, ovarian cancer, and pancreatic cancer in a subject having a genome with a

variant allele which comprises a polynucleotide selected from the group consisting of:

(a)  a polynucleotide having the nucleic acid sequence of any one of SEQ ID NOs:
137, 138, 141, 142, 145, 146, 149 and/or 150;

(b) a polynucleotide capable of hybridizing to a Cytochrome P450, subfamily 1A
(nifedipine oxidase), polypeptide 5 (CYP3AS5) gene, wherein said polynucleotide
is having at a position corresponding to positions 47518 and/or 9736 of the
CYP3A5 gene (Accession No: Gl:10281451), a substitution of at least one
nucleotide or at a position corresponding to positions 145601 and/or 145929 of
the CYP3AS5 gene (Accession No: Gl:11177452), a substitution of at least one
nucleotide;

(c) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having at a position corresponding to position 47518 of the
CYP3AS5 gene (Accession No: GI:10281451) a C, at a position corresponding to
position 145601 and/or 145929 of the CYP3A5 gene (Accession No:
Gl:11177452) a G or at a position corresponding to position 9736 of the
CYP3AS5 gene (Accession No: G1:10281451) a G.
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The term ”irinotecan or a derivative thereof” as used in accordance with the present
invention preferably refers to a substance which is characterized by the general
structural formula

U WY T

*HCl HO CH

'3H20 3

CygHyah 405~ HCI-3H,0

further described in US patents US05106742, US05340817, US05364858,
US05401747, US05468754, US05559235 and US05663177. Moreover, also
comprised by the term “irinotecan or a derivative thereof” are analogues and
derivatives of camptothecin. The types and ranges of camptothecin analogues
available are well known to those of skill in the art and described in numerous texts,
e.g. [Hawkins, 1992, Oncology (Huntingt) 6:17-23, Burris, et al., 1994, Hematol Oncotl
Clin North Am 8:333-55, Slichenmyer, et al,, 1993, J Natl Cancer Inst 85:271-91,
Slichenmyer, et al., 1994, Cancer Chemother Pharmacol 34:553-7]. Specific examples
of active camptothecin analogues are hexacyclic camptothecin analogues, 9-nitro-
camptothecin, camptothecin analogues with 20S configuration with 9- or 10-substituted
amino, halogen, or hydroxyl groups, seven-substituted water-soluble camptothecins, 9-
substituted camptothecins, E-ring-modified camptothecins such as (RS)-20-
deoxyamino-7-ethyl-10-methoxycamptothecin, and 10-substituted camptothecin
analogues [Emerson, et al., 1995, Cancer Res 55:603-9, Ejima, et al,, 1992, Chem
Pharm Bull (Tokyo) 40:683-8, Sugimori, et al., 1994, J Med Chem 37:3033-9, Wall, et
al., 1993, J Med Chem 36:2689-700, Wani, et al., 1980, J Med Chem 23:554-60,
Kingsbury, et al, 1991, J Med Chem 34:98-107]. Various other camptothecin
analogues with similar therapeutic activity are described [Hawkins, 1992, Oncology
(Huntingt) 6:17-23, Burris and Fields, 1994, Hematol Oncol Clin North Am 8:333-55,
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Slichenmyer, et al., 1993, J Natl Cancer Inst 85:271-91, Slichenmyer, et al., 1994,
Cancer Chemother Pharmacol 34:S53-7]. Suitable methods for synthezising
camptothecin analogues are described [Emerson, et al., 1995, Cancer Res 55:603-9,
Ejima, et al., 1992, Chem Pharm Bull (Tokyo) 40:683-8, Sugimori, et al., 1994, J Med
Chem 37:3033-9, Wall, et al., 1993, J Med Chem 36:2689-700, Wani, et al., 1980, J
Med Chem 23:554-60, Kingsbury, et al., 1991, J Med Chem 34:98-107, Sugasawa, et
al., 1976, J Med Chem 19:675-9].

Said substances are known to be therapeutically useful as described, e.g., in colorectal
cancer, non-small cell and small cell lung cancer, oesophageal cancer, renal cell
carcinoma, ovarian cancer, breast cancer, pancreatic cancer, squamous cell cancer,
leukemias and lymphomas [Kawato, et al., 1991, Cancer Res 51:4187-91, Furuta, et
al., 1988, Gan To Kagaku Ryoho 15:2757-60, Hawkins, 1992, Oncology (Huntingt)
6:17-23, Slichenmyer, et al., 1993, J Natl Cancer Inst 85:271-91, Slichenmyer, et al.,
1994, Cancer Chemother Pharmacol 34:S53-7, Tsuruo, et al, 1988, Cancer
Chemother Pharmacol 21:71-4, Wiseman, et al., 1996, Drugs 52:606-23, Gottlieb, et
al., 1970, Cancer Chemother Rep 54:461-70, Negoro, et al., 1991, J Natl Cancer Inst
83:1164-8, Rowinsky, et al., 1994, Cancer Res 54:427-36]. Also encompassed by the
use of the present invention are derivatives of those substances which are obtainable
by way of any chemical modification, wherein said derivatives are equally well
therapeutically suited for the use of the present invention. To determine whether a
derivative of the substances of the invention is equally well therapeutically suited for
the use of the invention biological assays well known in the art can be performed. Such
assays are described , e.g., in [Kawato, et al., 1991, Cancer Res 51:4187-91, Furuta,
et al., 1988, Gan To Kagaku Ryoho 15:2757-60, Giovanella, et al., 1989, Science
246:1046-8, Giovanella, et al., 1991, Cancer Res 51:3052-5, Kunimoto, et al., 1987,
Cancer Res 47:5944-7, Mattern, et al., 1993, Oncol Res 5:467-74, Tsuruo, et al., 1988,
Cancer Chemother Pharmacol 21:71-4, Burris, et al, 1992, J Natl Cancer Inst
84:1816-20, Friedman, et al., 1994, Cancer Chemother Pharmacol 34:171-4].

It is contemplated that any of the compounds described in the above publications may
be used in this invention.

It has been show that irinotecan is particularly well suited for the treatment of colorectal
cancer, cervical cancer, gastric cancer, lung cancer, malignant glioma, ovarian cancer,
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and pancreatic cancer. Thus, most preferably the substance used according to the
present invention is irinotecan.

The term "pharmaceutical composition” as used herein comprises the substances of
the present invention and optionally one or more pharmaceutically acceptable carrier.
The substances of the present invention may be formulated as pharmaceutically
acceptable salts. Acceptable salts comprise acetate, methylester, HCI, sulfate, chloride
and the like. The pharmaceutical compositions can be conveniently administered by
any of the routes conventionally used for drug administration, for instance, orally,
topically, parenterally or by inhalation. The substances may be administered in
conventional dosage forms prepared by combining the drugs with standard
pharmaceutical carriers according to conventional procedures. These procedures may
involve mixing, granulating and compressing or dissolving the ingredients as
appropriate to the desired preparation. It will be appreciated that the form and
character of the pharmaceutically acceptable character or diluent is dictated by the
amount of active ingredient with which it is to be combined, the route of administration
and other well-known variables. The carrier(s) must be "acceptable" in the sense of
being compatible with the other ingredients of the formulation and not deleterious to
the recipient thereof. The pharmaceutical carrier employed may be, for example, either
a solid or liquid. Exemplary of solid carriers are lactose, terra alba, sucrose, talc,
gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary
of liquid carriers are phosphate buffered saline solution, syrup, oil such as peanut oil
and olive oil, water, emulsions, various types of wetting agents, sterile solutions and
the like. Similarly, the carrier or diluent may include time delay material well known to
the art, such as glyceryl mono-stearate or glyceryl distearate alone or with a wax. The
substance according to the present invention can be administered in various manners
to achieve the desired effect. Said substance can be administered either alone or in
the formulated as pharmaceutical preparations to the subject being treated either
orally, topically, parenterally or by inhalation. Moreover, the substance can be
administered in combination with other substances either in a common pharmaceutical
composition or as separated pharmaceutical compositions.
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The diluent is selected so as not to affect the biological activity of the combination.
Examples of such diluents are distilled water, physiological saline, Ringer's solutions,
dextrose solution, and Hank's solution. In addition, the pharmaceutical composition or
formulation may also include other carriers, adjuvants, or nontoxic, nontherapeutic,
nonimmunogenic stabilizers and the like. A therapeutically effective dose refers to that
amount of the substance according to the invention which ameliorate the symptoms or
condition. Therapeutic efficacy and toxicity of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
ED50 (the dose therapeutically effective in 50% of the population) and LD50 (the dose
lethal to 50% of the population). The dose ratio between therapeutic and toxic effects
is the therapeutic index, and it can be expressed as the ratio, LD50/ED50.

The dosage regimen will be determined by the attending physician and other clinical
factors; preferably in accordance with any one of the above described methods. As is
well known in the medical arts, dosages for any one patient depends upon many
factors, including the patient's size, body surface area, age, the particular compound to
be administered, sex, time and route of administration, general health, and other drugs
being administered concurrently. Progress can be monitored by periodic assessment.
A typical dose can be, for example, in the range of 5 to 100 mg however, doses below
or above this exemplary range are envisioned, especially considering the
aforementioned factors. Generally, the regimen as a regular administration of the
pharmaceutical composition should be in the range of 1 yg to 10 mg units per day. If
the regimen is a continuous infusion, it should also be in the range of 1 yg to 10 mg
units per kilogram of body weight per minute, respectively. Progress can be monitored
by periodic assessment. However, depending on the subject and the mode of
administration, the quantity of substance administration may vary over a wide range to
provide from about 1 mg per m? body surface to about 500 mg per m? body surface,
usually 20 to 200 mg per m? body surface.

The pharmaceutical compositions and formulations referred to herein are administered
at least once in accordance with the use of the present invention. However, the said
pharmaceutical compositions and formulations may be administered more than one
time, for example once weekly every other week up to a non-li mited number of
weeks.
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Specific formulations of the substance according to the invention are prepared in a
manner well known in the pharmaceutical art and usually comprise at least one active
substance referred to herein above in admixture or otherwise associated with a
pharmaceutically acceptable carrier or diluent thereof. For making those formulations
the active substance(s) will usually be mixed with a carrier or diluted by a diluent, or
enclosed or encapsulated in a capsule, sachet, cachet, paper or other suitable
containers or vehicles. A carrier may be solid, semisolid, gel-based or liquid material
which serves as a vehicle, excipient or medium for the active ingredients. Said suitable
carriers comprise those mentioned above and others well known in the art, see, e.g.,
Remington’s Pharmaceutical Sciences, Mack Publishing Company, Easton,
Pennsylvania. The formulations can be adopted to the mode of administration
comprising the forms of tablets, capsules, suppositories, solutions, suspensions or the
like.

The dosing recommendations will be indicated in product labeling by allowing the
prescriber to anticipate dose adjustments depending on the considered patient group,
with information that avoids prescribing the wrong drug to the wrong patients at the
wrong dose.

The term “treating” means alleviation of the disease symptomes, i.e. regression of
symptomes or inhibited progression of such symptomes, in subjects or disease
populations which have been treated. Said alleviation of disease can be monitored by
the degree of the clinical symptomes (e.g. tumor size) accompanied with the disease.
While the invention may not be effective in 100% of patients treated, it is effective in
treating statistically significant (p value equal or less than 0.05) number of patients.
Whether said number of subjects is significant can be determined by statistical tests
such as the Student’s t-test, the chi®-test, the U-test according to Mann and Whitney,
the Kruskal-Wallis-test (H-Test), Jonckheere-Terpstra-test or the Wilcoxon-test.
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The present invention also encompasses all embodiments described in connection
with pharmaceutical compositions in US patents US05106742, US05340817,
US05364858, US05401747, US05468754, US05559235 and US05663177.

The terms "colorectal cancer, cervical cancer, gastric cancer, lung cancer, malignant
glioma, ovarian cancer, and pancreatic cancer’ comprise diseases and dysregulations
related to cancer. Preferred diseases encompassed by the use of the present invention
are colorectal cancer, cervical cancer, gastric cancer, lung cancer, malignant glioma,
ovarian cancer, and pancreatic cancer. Said diseases and dysregulations are well
known in the art and the accompanied symptoms are described, e.g., in standard text
books such as Stedman.

The term "subject” as used in the sense of the present invention comprises animals,
preferably those specified herein after, and humans.

The term “ variant allele” as used herein refers to a polynucleotide comprising one or
more of the polynucleotides described herein below corresponding to a CYP3A5
gene. Each individual subject carries at least two alleles of the CYP3A5 gene, wherein
said alleles are distinguishable or identical. In accordance with the use of the present
invention a variant allele comprises at least one or more of the polynucleotides
specified herein below. Said polynucleotides may have a synergistic influence on the
regulation or function of the first variant allele. Preferably, a variant allele in
accordance with the use of the present invention comprises at least two of the

polynucleotides specified herein.

In the context of the present invention the term "polynucleotides” or "polypeptides”
refers to different variants of a polynucleotide or a polypeptide specified in accordance
with the uses of the present invention. Said variants comprise a reference or wild type
sequence of the polynucleotides or polypeptides specified herein as well as variants
which differ therefrom in structure or composition. Reference or wild type sequences
for the polynucleotides and polypeptides have been defined by Genbank accession
numbers above. The differences in structure or composition usually occur by way of

nucleotide or amino acid substitution(s), addition(s) and/or deletion(s).

Preferably, said nucleotide substitution(s), addition(s) or deletion(s) referred to in
accordance with the use of the present invention result(s) in one or more changes of
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the corresponding amino acid(s) of the polynucleotide. The variant polynucleotides
also comprise fragments of said polynucleotides. The polynucleotides as well as the
aforementioned fragments thereof are characterized as being associated with a
CYP3AS5 dysfunction or dysregulation comprising, e.g., insufficient and/or altered drug

metabolism and protein expression level.

The present invention also encompasses all embodiments described in connection
with polynucleotides in W09957322, WO0109183 or US5786344.

The term "hybridizing” as used herein refers to polynucleotides which are capable of
hybridizing to the above polynucleotides or parts thereof which are associated with a
CYP3AS5 dysfunction or dysregulation. Thus, said hybridizing polynucleotides are also
associated with said dysfunctions and dysregulations. Preferably, said polynucleotides
capable of hybridizing to the aforementioned polynucleotides or parts thereof which are
associated with CYP3A5 dysfunctions or dysregulations are at least 70%, at least
80%, at least 95% or at least 100% identical to the polynucleotides or parts thereof
which are associated with CYP3A5 dysfunctions or dysregulations. Therefore, said
polynucleotides may be useful as probes in Northern or Southern Blot analysis of RNA
or DNA preparations, respectively, or can be used as oligonucleotide primers in PCR
analysis dependent on their respective size. Also comprised in accordance with the
use of the invention are hybridizing polynucleotides which are useful for analyzing
DNA-Protein interactions via, e.g., electrophoretic mobility shift analysis (EMSA).
Preferably, said hybridizing polynucleotides comprise at least 10, more preferably at
least 15 nucleotides in length while a hybridizing polynucleotide to be used as a probe
preferably comprises at least 100, more preferably at least 200, or most preferably at
least 500 nucleotides in length.

It is well known in the art how to perform hybridization experiments with nucleic acid
molecules, i.e. the person skilled in the art knows what hybridization conditions s/he
has to use in accordance with the present invention. Such hybridization conditions are
referred to in standard text books, such as Molecular Cloning, A Laboratory Manual,
Cold Spring Harbor Laboratory (1989) N.Y. Preferred in accordance with the use of the
present inventions are polynucleotides which are capable of hybridizing to the above
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polynucleotides or parts thereof which are associated with a CYP3A5 dysfunction or
dysregulation under stringent hybridization conditions, i.e. which do not cross hybridize
to unrelated polynucleotides such as polynucleotides encoding a polypeptide different
from the CYP3AS5 polypeptides of the invention.

Moreover, methods for determining whether a subject comprises a polynucleotide
referred to herein above are well known in the art. To carry out said methods, it might
be necessary to take a sample comprising biological material, such as isolated cells or
tissue, from said subject. Further, the methods known in the art could comprise for
example, PCR based techniques, RFLP-based techniques, DNA sequencing-based
techniques, hybridization techniques, Single strand conformational polymorphidm
(SSCP), denaturating gradient gel electrophoresis (DGGE), mismatch cleavage
detection, heteroduplex analyis, techniques based on mass spectroscopy, HPLC-
based techniques, primer extension-based techniques, and 5’-nuclease assay-based
techniques. A preferred and convenient method to be used in order to determine the
presence or absence of one or more of the above specified polynucleotides is to
isolate blood cells from a subject and to perform a PCR based assay on genomic DNA
isolated from those blood cells, whereby the PCR is used to determine whether said
polynucleotides specified herein above or parts thereof are present or absent. Said
method is described in more detail below and in the Examples.

The term "corresponding” as used herein means that a position is not only determined
by the number of the preceding nucleotides and amino acids, respectively. The
position of a given nucleotide or amino acid in accordance with the use of the present
invention which may be deleted, substituted or comprise one or more additional
nucleotide(s) may vary due to deletions or additional nucleotides or amino acids
elsewhere in the gene or the polypeptide. Thus, under a "corresponding position” in
accordance with the present invention it is to be understood that nucleotides or amino
acids may differ in the indicated number but may still have similar neighboring
nucleotides or amino acids. Said nucleotides or amino acids which may be exchanged,
deleted or comprise additional nucleotides or amino acids are also comprised by the
term "corresponding position”. Said nucleotides or amino acids may for instance

together with their neighbors form sequences which may be involved in the regulation
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of gene expression, stability of the corresponding RNA or RNA editing, as well as
encode functional domains or motifs of the protein of the invention.

By, e.g., "position 17970 to 17970” it is meant that said polynucleotide comprises one
or more deleted nucleotides which are deleted between positions 17970 and position
17970 of the corresponding wild type version of said polynucleotide. The same applies
mutatis mutandis to all other position numbers referred to in the above embodiment

which are drafted in the same format.

By, e.g., "position 1222/1223” it is meant that said polynucleotide comprises one or
more additional nucleotide(s) which are inserted between positions 1222 and position
1223 of the corresponding wild type version of said polynucleotide. The same applies
mutatis mutandis to all other position numbers referred to in the above embodiment
which are drafted in the same format, i.e. two consecutive position numbers separated
by a slash (/).

In accordance with the present invention, the mode and population distribution of
genetic variations in the CYP3A5 gene - the different alleles of the CYP3A5 gene -
have been analyzed by sequence analysis of relevant regions of the human said gene
from many different individuals. It is a well known fact that genomic DNA of individuals,
which harbor the individual genetic makeup of all genes, including the CYP3A51 gene,
can easily be purified from individual blood samples. These individual DNA samples
are then used for the analysis of the sequence composition of the alleles of the
CYP3AS5 gene that are present in the individual which provided the blood sample. The
sequence analysis was carried out by PCR amplification of relevant regions of said
genes, subsequent purification of the PCR products, followed by automated DNA
sequencing with established methods (e.g. ABI dyeterminator cycle sequencing).

One important parameter that has to be considered in the attempt to determine the
individual genotypes and identify novel variants of the CYP3A5 gene by direct DNA-
sequencing of PCR-products from human blood genomic DNA is the fact that each
human harbors (usually, with very few abnormal exceptions) two gene copies of each
autosomal gene (diploidy). Because of that, great care has to be taken in the
evaluation of the sequences to be able to identify unambiguously not only homozygous
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sequence variations but also heterozygous variations. The details of the different steps
in the identification and characterization of the polymorphisms in the CYP3A5 gene
(homozygous and heterozygous) are described in the Examples below.

Over the past 20 years, genetic heterogeneity has been increasingly recognized as a
significant source of variation in drug response. Many scientific communications
(Meyer, Ann. Rev. Pharmacol. Toxicol. 37 (1997), 269-296 and West, J. Clin.
Pharmacol. 37 (1997), 635-648) have clearly shown that some drugs work better in
some patients than in others or may even be highly toxic and that such variations in
patients” responses to drugs can be correlated to a molecular basis. This
"pharmacogenomic” concept spots correlations between responses to drugs and
genetic profiles of patient's (Marshall, Nature Biotechnology, 15 (1997), 954-957;
Marshall, Nature Biotechnology, 15 (1997), 1249-1252). In this context of population
variability with regard to drug therapy, pharmacogenomics has been proposed as a
tool useful in the identification and selection of patients which can respond to a
particular drug without side effects. This identification/selection can be based upon
molecular diagnosis of genetic polymorphisms by genotyping DNA from leukocytes in
the blood of a patient, for example, and characterization of disease (Bertz, Clin.
Pharmacokinet. 32 (1997), 210-256; Engel, J. Chromatogra. B. Biomed. Appl. 678
(1996), 93-103). For the founders of health care, such as health maintenance
organizations in the US and government public health services in many European
countries, this pharmacogenomics approach can represent a way of both improving
health care and reducing costs related to health care caused by the development of

unnecessary drugs, by ineffective drugs and by side effects due to drug administration.

The mutations in the CYP3AS5 gene detected in accordance with the present invention
are listed in Tables 1. As is evident to the person skilled in the art, the genetic
knowledge of the polynucleotides specified herein above can be used to exactly and

reliably characterize the genotype of a patient.

Advantageously, preventive or therapeutical measures which are based on irinotecan

or a derivative thereof can be more efficiently applied when taking into consideration
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said genetic knowledge. Undesirable side effects of said substances can be avoided
and an effective but not harmful dosage can be calculated individually due the
knowledge of the genetic makeup of the subject. Moreover in accordance with the
foregoing, in cases where a given drug causes an unusual effect, a suitable individual
therapy can be designed based on the knowledge of the individual genetic makeup of
a subject. This tailored therapy will also be suitable to avoid the occurance of therapy
resistances. Said resistances are one major problem in cancer chemotherapy with
various chemotherapeutic agents, this fact being well known in the art. The use of the
present invention, therefore, provides an improvement of the therapeutic applications
which are based on the known therapeutically desirable effects of the substances
referred to herein above since it is possible to individually treat the subject with an
appropriate dosage and/or an appropriate derivative of said substances. Thereby,
undesirable, harmful or toxic effects are efficiently avoided. Furthermore, the use of the
present invention provides an improvement of the therapeutic applications which are
based on the known therapeutically desirable effects of the substances referred to
herein above since it is possible to identify those subject prior to onset of drug therapy
and treat only those subjects with an appropriate dosage and/or an appropriate
derivative of said substances who are most likely to benefit from therapy with said
substances. Thereby, the unnecessary and potentially harmful treatment of those
subjects who do not respond to the treatment with said substances (nonresponders),
as well as the development of drug resistances due to suboptimal drug dosing can be

avoided.

In a preferred embodiment of the use of the present invention said variant allele

comprises a polynucleotide selected from the group consisting of:

(@) a polynucleotide having the nucleic acid sequence of any one of SEQ ID NO:
137, 141, 145 or 149:

(b) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having a substitution at a position corresponding to position
47518 or 9736 of the CYP3AS5 gene (Accession No: G1:10281451) or 145601 or
145929 of the CYP3A5 gene (Accession No: Gl:11177452);
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(c) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having a C at a position corresponding to position 47518 of the
CYP3A5 gene (Accession No: GI1:10281451) or a G at a position corresponding
to position 9736 of the CYP3AS5 gene (Accession No: GI:10281451), or 145601
or 145929 of the CYP3A5 gene (Accession No: GI:11177452).

More preferably, said variant allele comprises a polynucleotide selected from the group

consisting of:

(@) a polynucleotide having the nucleic acid sequence of any one of SEQ ID NO:
137, 145 and/or 149;

(b) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having a substitution at a position corresponding to position
47518 or 9736 of the CYP3AS5 gene (Accession No: GI:10281451) or 145929 of
the CYP3A5 gene (Accession No: Gl:11177452);

(c) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having a C at a position corresponding to position 47518 of the
CYP3A5 gene (Accession No: GI:10281451) or a G at a position corresponding
to position 9736 of the CYP3A5 gene (Accession No: Gl:10281451), or 145929
of the CYP3A5 gene (Accession No: Gl:11177452).

The present invention also relates to a method of treating colorectal cancer, cervical
cancer, gastric cancer, lung cancer, malignant glioma, ovarian cancer, and pancreatic
cancer comprising:

(a) determining the presence or absence of a variant allele comprising a
polynucleotide referred to herein; and

(b) administering to a subject a therapeutically effective dosage of irinotecan.

The definitions used in accordance with the use of the present invention apply mutatis
mutandis to the above method. Further, all embodiments described in accordance with

the use of the present invention can be applied mutatis mutandis to the method of the
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present invention. Moreover, also encompassed by the method of the present
invention are any further developments of said method which the person skilled in the
art can make without undue burden based on its knowledge and the prior art, such as
those documents referred to throughout this specification.

In a preferred embodiment of the use of the present invention a nucleotide deletion,
addition and/or substitution comprised by said polynucleotide results in an altered
expression of the variant allele compared to the corresponding wild type allele.

As discussed above, the alleles referred to in accordance with the use of the present
invention correspond to the CYP3A5 gene. It is well known in the art that genes
comprise structural elements which encode an amino acid sequence as well as
regulatory elements which are involved in the regulation of the expression of said
genes. Structural elements are represented by exons which may either encode an
amino acid sequence or which may code for RNA which is not encoding an amino acid
sequence but is nevertheless involved in RNA function, e.g. by regulating the stability
of the RNA or the nuclear export of the RNA.

Regulatory elements of a gene may comprise promoter elements or enhancer
elements both of which could be involved in transcriptional control of gene expression.
It is very well known in the art that a promoter is to be found upstream of the structural
elements of a gene. Regulatory elements such as enhancer elements, however, can
be found distributed over the entire locus of a gene. Said elements could reside, e.g.,
in introns, regions of genomic DNA which separate the exons of a gene. Promoter or
enhancer elements correspond to polynucleotide fragments which are capable of
attracting or binding polypeptides involved in the regulation of the gene comprising
said promoter or enhancer elements. For example, polypeptides involved in regulation
of said gene comprise the so called transcription factors.

Said introns may comprise further regulatory elements which are required for proper
gene expression. Introns are usually transcribed together with the exons of a gene
resulting in a nascent RNA transcript which contains both, exon and intron sequences.
The intron encoded RNA sequences are usually removed by a process known as RNA
splicing. However, said process also requires regulatory sequences present on a RNA
transcript said regulatory sequences may be encoded by the introns.
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In addition, besides their function in transcriptional control and control of proper RNA
processing and/or stability, regulatory elements of a gene could be also involved in the
control of genetic stability of a gene locus. Said elements control, e.g., recombination
events or serve to maintain a certain structure of the DNA or the arrangement of DNA
in a chromosome.

Therefore, single nucleotide polymorphisms can occur in exons of an allele of a gene
which encode an amino acid sequence as discussed supra as well as in regulatory
regions which are involved in the above discussed process. The polymorphisms
comprised by the polynucleotides referred to in accordance with the use of the present
invention can influence the expression level of CYP3A5A1 protein via mechanisms
involving enhanced or reduced transcription of the CYP3A5 gene, stabilization of the
gene’s RNA transcripts and alteration of the processing of the primary RNA transcripts.
Methods for the determination of an altered expression of a variant allele when
compared to its wild type counterpart are well known in the art and comprise inter alia
those referred to herein above, e.g., PCR based techniques, RFLP-based techniques,
DNA sequencing-based techniques, hybridization techniques, Single strand
conformational polymorphism (SSCP), denaturating gradient gel electrophoresis
(DGGE), mismatch cleavage detection, heteroduplex analysis, techniques based on
mass spectroscopy, HPLC-based techniques, primer extension-based techniques, and
5’-nuclease assay-based techniques. It might be necessary to obtain a sample
comprising biological material, such as isolated cells or tissue from the subject prior to
perform said methods for determination of the expression levels of the wild type and
the variant alleles, respectively. An altered expression in accordance with the use of
the present invention means that the expression of the wild type allele differs
significantly from the expression of the variant allele. A significant difference can be
determined by standard statistical methods, such as Student’s t-test, chi®-test or the U-
test according to Mann and Whitney. Moreover, the person skilled in the art can adopt
these and other statistical method known in the art individually without an undue
burden.

In a more preferred embodiment of the use of the invention said altered expression is
due to an alteration of the processing of the primary RNA transcripts.
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To determine whether the expression of an allele referred to in accordance to the
present invention is increased or decreased in comparison to the corresponding wild
type allele well known methods such as PCR based techniques, RFLP-based
techniques, DNA sequencing-based techniques, hybridization techniques, Single
strand conformational polymorphism (SSCP), denaturating gradient gel electrophoresis
(DGGE), mismatch cleavage detection, heteroduplex analysis, techniques based on
mass spectroscopy, HPLC-based techniques, primer extension-based techniques, and
5’-nuclease assay-based techniques can be applied. As discussed above, it might be
necessary to obtain a sample comprising cells or tissue from the subject in order to
determine the expression level of the variant allele referred to in the use of the
invention. A decrease or increase of the expression is characterized by a significant
difference in the expression level of the variant versus the wild type allele in those
assays. Also encompassed by decreased expression is the absence detectable

expression of a variant allele.

As discussed supra, the variant alleles comprising those polynucleotides specified
herein which correspond to noncoding regions of the CYP3AS5 gene that have an
influence on the expression level of the polypeptides encoded by said variant alleles.
The CYP3AS5 protein, therefore, exhibit increased biological and/or immunological
properties compared to those subjects with the corresponding wild type counterpart. It
might be necessary to obtain a sample comprising biological material such as isolated
cells or tissue from the subject prior to perform said methods for determination of the
protein level and/or activities of the wild type and the variant polypeptides, respectively.
Whether a variant polypeptide has an altered activity or level of expression compared
to its wild type corresponding counterpart can be determined by standard techniques
well known in the art. Such standard techniques may comprise, e.g., ELISA based
assays, RIA based assays, HPLC-based assays, mass spectroscopy-based assays,
western blot analysis or assays which are known in the art and described in [Janardan,
et al., 1996, Pharmacogenetics 6:379-85, Kivisto, et al.,, 1996, Br J Clin Pharmacol
42:387-9, Lown, et al., 1994, Drug Metab Dispos 22:947-55, Anttila, et al., 1997, Am J
Respir Cell Mol Biol 16:242-9, Tateishi, et al., 1999, Biochem Pharmacol 57:935-9,
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Gibbs, et al, 1999, Drug Metab Dispos 27:180-7, Maenpaa, et al, 1998,
Pharmacogenetics 8:137-55, Haehner, et al., 1996, Mol Pharmacol 50:52-9, Lown, et
al., 1994, Drug Metab Dispos 22:947-55] for CYP3AS5.

An altered expression in accordance with the use of the present invention means that
the protein level of the CYP3A5 gene differs significantly in subjects with
polynucleotides as described in the present invention. A significant difference can be
determined by standard statistical methods referred to herein above.

Moreover, in a further preferred embodiment of the use of the present invention said
subject is an animal.

As described supra, the subject in accordance with the use of the present invention
encompasses animals. The term "animal” as used herein encompasses all animals,
preferably animals belonging to the vertebrate family, more preferably mammals.
Moreover, the animals can be genetically engineered by well known techniques
comprising transgenesis and homologous recombination in order to incorporate one or
more of the polynucleotides referred to supra into the genome of said animals. Said
animals comprising the genetically engineered animals can be used to study the
pharmacological effects of drugs or pro-drugs which are based on the substances or

derivatives thereof referred to herein, preferably irinotecan.

In accordance with the foregoing, most preferably, said animal is a mouse or rat.

Said animals are particularly well suited for assaying the pharmacological properties of
the substances or derivatives referred to in accordance with the use of the present
invention as described in detail in Giovanella, et al, 1991, Cancer Res 51:3052-5,
Kunimoto, et al., 1987, Cancer Res 47:5944-7, Kaneda, et al., 1990, Cancer Res
50:1715-20.

Preferably, said mouse is lacking functional cytochrome P450, MRP1, or MDR1. It is
well known in the art how said mice lacking functional cytochrome P450, MRP1 or
MDR1 can be obtained. For instance said mice might be generated by homologous
recombination as described for cytochrome P450 in Pineau, et al., 1998, Toxicol Lett
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103:459-64, MRP1 in Rappa, et al, 2000, Biochemistry 39:3304-10, and MDR1 in
Schinkel, 1998, Int J Clin Pharmacol Ther 36:9-13, Schinkel, et al, 2000,
Pharmacogenetics 10:583-90.

Moreover, in another preferred embodiment of the use of the present invention said
subject is a human.

In particular, the present invention is applicable to humans as is evident from the
above. The use of the present invention is to be applied in order to treat or prevent
side effects in patients which suffer from colorectal cancer, cervical cancer, gastric
cancer, lung cancer, malignant glioma, ovarian cancer, and pancreatic cancer. The
pharmacological effects of the above substances or derivatives thereof are well
described in humans. However, the conventional therapies do not take into account
the individual genetic makeup of the patient. Ethnical populations have different
genetic backgrounds, which can also influence the function or regulation of a variant
allele and thereby alter the pharmacological response of a patient to a substance or
derivative used as a basis for a drug or pro-drug in accordance with the invention.

In light of the foregoing, most carefully, said human is selected from the African
population who shows compared to Caucasians (approx. 10 %) a higher frequency
(approx. 40%) of the CYP3A5 high expresser allele (nucleotide C at a position
corresponding to position 47518 of the CYP3A5 GenBank accession No. Gl:
10281451, nucleotide G at a position corresponding to position 145929 of the CYP3A5
gene, GenBank accession No. Gl: 11177452 and 9736 of the CYP3A5 gene, GenBank
accession No. 10281451) and are therefore more likely to altered metabolism of drugs
such as irinotecan.

In light of the foregoing, most preferably, said human is African or Asian.

The present invention also relates to a method for selecting a suitable therapy for a
subject suffering from cancer, especially, colorectal cancer, cervical cancer, gastric
cancer, lung cancer, malignant glioma, ovarian cancer, and pancreatic cancer, wherein
said method comprises:
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(@) determining the presence or absence of a variant allele referred to above in the

genome of a subject in a sample obtained from said subject; and

(b)  selecting a suitable therapy for said subject based on the resuits obtained in (a).
The definitions and explanations of the terms made above apply mutatis mutandis to
the above method.

The term “suitable therapy” as used herein means that a substance according to the
invention is selected and said substance being administered in a certain dosage to a
subject, wherein said substance and said dosage are selected based on the
knowledge of the presence or absence of a first, second, third and/or fourth variant
allele referred to in accordance with the use of the invention. Said substance and said
dosage of the substance are selected in a way that on one hand they are most
effective in treating cancer, especially, colorectal cancer, cervical cancer, gastric
cancer, lung cancer, malignant glioma, ovarian cancer, and pancreatic cancer on the
other hand they do not cause toxic or undesirable side effects.

As is evident from the above, a prerequisite for selecting a suitable therapy is the
knowledge of the presence or absence of a variant allele referred to in accordance with
the use of the invention. Therefore, the method of the present invention encompasses
the determination of the presence or absence of said variant alleles in a sample which
has been obtained from said subject. The sample which is obtained by the subject
comprises biological material which is suitable for the determination of the presence or
absence of said variant alleles, such as isolated cells or tissue. Methods for the
determination of the presence or absence of the variant alleles of the method of the
invention comprise those methods referred to herein above.

Thanks to the method of the present invention, it is possible to efficiently select a
suitable therapy for a subject, preferably a human, suffering from cancer, especially,
colorectal cancer, cervical cancer, gastric cancer, lung cancer, malignant glioma,
ovarian cancer, and pancreatic cancer Thereby, mistreatment of patients based on
wrong medications and the results thereof, such as development of resistance towards
cancer therapy, and subsequent increased costs in health care, can be efficiently
avoided. Furthermore, patients that are at high risk can be excluded from therapy prior
to the first dose and/or dosage can be adjusted according to the individual's genetic
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makeup prior to the onset of drug therapy. Also, inhibitors for the mentioned
metabolizing genes (e.g. CYP3A5) can be applied in genetically defined patient
subpopulations. Thus, adverse effects can be avoided and the optimal drug level can
be reached faster without time-consuming and expensive drug monitoring-based dose
finding. This can reduce costs of medical treatment and indirect costs of disease (e.g.
shorter time and less frequent hospitalization of patients).

The following 24 items are also encompassed by the present invention. The definitions

and explanations made supra apply mutatis mutandis to the terms used to characterize

the claims.

1. A method of using irinotecan to treat a patient suffering from cancer which
comprises:

(@) determining if the patient has one or more variant alleles of the CYP3A5
gene;

(b) in a patient having one or more of such variant alleles, administering to
the patient an amount of irinotecan which is sufficient to treat a patient
having such variant alleles which amount is increased or decreased in
comparison to the amount that is administered without regard to the
patient’s alleles in the CYP3AS5 gene.

2. The method of item 1 wherein the cancer is colorectal cancer, cervical cancer,
gastric cancer, lung cancer, malignant glioma, ovarian cancer, or pancreatic

cancer.

3. The method of item 2 in which:

(@) the one or more variant alleles result in the patient expressing low
amounts of the CYP3AS5 gene product, whereby the amount of irinotecan
administered to the patient is decreased to avoid toxicity, or

(b) the one or more variant alleles result in the patient expressing high
amounts of the CYP3AS5 gene product, whereby the amount of irinotecan
administered to the patient is increased to enhance efficacy.
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The method of item 3 wherein the one or more variant alleles are in the promoter
region of the CYP3A5 gene.

The method of item 3 wherein the one or more variant alleles are in the coding
region of the CYP3AS5 gene.

The method of item 3 wherein the one or more variant alleles are not in either the
promoter region or the coding region of the CYP3A5 gene.

The method of item 3 wherein the one or more variant alleles are in both the

promoter region and the coding region of the CYP3AS5 gene.

The method of item 3 wherein the one or more variant alleles comprises a
polynucleotide selected from the group consisting of:
a polynucleotide having the nucleic acid sequence of any one of SEQ ID NOs:
137, 138, 141, 142, 145, 146, 149 and/or 150;
a polynucleotide capable of hybridizing to a Cytochrome P450, subfamily Il1A
(nifedipine oxidase), polypeptide 5 (CYP3AS5) gene, wherein said polynucleotide
is having at a position corresponding to positions 47518 and/or 9736 of the
CYP3A5 gene (Accession No: Gl:10281451), a substitution of at least one
nucleotide or at a position corresponding to positions 145601 and/or 145929 of
the CYP3AS5 gene (Accession No: Gl:11177452), a substitution of at least one
nucleotide;
a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having at a position corresponding to position 47518 of the
CYP3AS5 gene (Accession No: GI:10281451) a C, at a position corresponding to
position 145601 and/or 145929 of the CYP3A5 gene (Accession No:
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Gl:11177452) a G or at a position corresponding to position 9736 of the
CYP3AS5 gene (Accession No: G1:10281451) a G.

9. The method of item 8 wherein the one or more variant alleles comprises a

10.

11.

12.

polynucleotide selected from the group consisting of:

(a) a polynucleotide having the nucleic acid sequence of any one of SEQ ID NO:
137, 141, 145 or 149:

(b) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having a substitution at a position corresponding to position
47518 or 9736 of the CYP3AS5 gene (Accession No: GI:10281451) or 145601
or 145929 of the CYP3A5 gene (Accession No: Gl:11177452);

(c)a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein said
polynucleotide is having a C at a position corresponding to position 47518 of
the CYP3A5 gene (Accession No: G1:10281451) or a G at a position
corresponding to position 9736 of the CYP3A5 gene (Accession No:
Gl:10281451), or 145601 or 145929 of the CYP3A5 gene (Accession No:
Gl:11177452).

The method of item 8 in which the one or more variant alleles results in the
patient expressing low amounts of the CYP3A5 gene product, whereby the
amount of irinotecan administered to the patient is decreased.

The method of item 8 in which the one or more variant alleles results in the
patient expressing high amounts of the CYP3A5 gene product, whereby the
amount of irinotecan administered to the patient is increased.

The method of item 9 in which the one or more variant alleles results in the
patient expressing low amounts of the CYP3A5 gene product, whereby the
amount of irinotecan administered to the patient is decreased.
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18.
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The method of item 9 in which the one or more variant alleles results in the
patient expreséing high amounts of the CYP3AS5 gene product, whereby the

amount of irinotecan administered to the patient is increased.

A method for determining whether a patient is at risk for a toxic reaction to
treatment with irinotecan which comprises determining if the patient has one or
more variant alleles of the CYP3A5 gene.

The method of item 14 which further comprises administering to the patient
reduced amounts of irinotecan if the patient has one or more variant alleles that
result in decreased expression of the CYP3A5 gene.

A method for determining the optimum treatment regimen for administering

irinotecan to a patient suffering from cancer which comprises:

(@) determining if the patient has one or more variant alleles of the CYP3A5
gene;

(b) in a patient having one or more of such alleles increasing or decreasing
the amount of irinotecan in comparison to the amount that is administered
without regard to the patient’s alleles in the CYP3AS5 gene.

A method of treating cancer in a patient having one or more variant alleles of the
CYP3A5 gene such that expression levels of the CYP3A5 gene product are
lower than in the general population and so indicates high sensitivity to
irinotecan which comprises administering to the patient a decreased amount of
irinotecan.

A method of treating cancer in a patient having one or more variant alleles of the
CYP3A5 gene such that expression levels of the CYP3A5 gene product are
higher than in the and so indicates resistance or predisposition to resistance to
irinotecan which comprises administering to the patient an increased amount of

irinotecan.
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19.

20.

21.

22.

23.

28

A method of treating cancer in a patient which comprises internally
administering to the patient an effective amount of irinotecan, wherein the
treatment regimen is modified based upon the genotype of the patient’'s
CYP3AS5 gene.

A method of treating a population of patients suffering from cancer which

comprises:

(@) determining, on a patient by patient basis, if the patient has one or more
variant alleles of the CYP3AS5 gene;

(b) in a patient having one or more of such variant alleles, administering to
the patient an amount of irinotecan which is sufficient to treat a patient
having such variant alleles which amount is increased or decreased in
comparison to the amount that is administered without regard to the
patient’s alleles in the CYP3A5 gene.

A method for predicting sensitivity to irinotecan in a patient suffering from cancer
which comprises determining if the patient has one or more variant alleles of the
CYP3A5 gene, which alleles indicate that the cancerous cells express low or
high amounts of the CYP3A5 gene product, whereby low expression indicates
high sensitivity to irinotecan and high expression indicates resistance or

predisposition to resistance to irinotecan.

The method of item 21 in which patients that have a genotype that indicates
resistance or predisposition to resistance are treated with a CYP3AS inhibitor.

The method of item 22 wherein the CYP3AS5 inhibitor is selected from the group
consisting of: Clarithromycin, Erythromycin, Diltiazem, Mibefradil, grapefuit juice,
Cimetidine, Ciprofloxacin, Norfloxacin, Fluconazole, Itraconazole, Ketoconazole,
Fluvoxamine, Norfluoxetine, Nefazodone, Troleandomycin, Delaviridine,

Indinavir, Nelfinavir, Ritonavir, Saquinavir, Mifepristone, and gestodene
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24. The method of item 21 wherein the patients that have a genotype that indicates
resistance or predisposition to resistance are monitored during treatment by
assaying for expression levels of the CYP3AS5 gene product in the cancerous

cells.

The decreased expression as referred to herein above includes in addition to a
significantly decreased amount of transcripts encoding a functional gene product also
a normal or even elevated amount of transcripts encoding a gene product which has
no activity or a significantly decreased activity.

By “in comparison to the amount that is administered without regard to the patient’s
alleles in the CYP3AS5 gene” a standard dose is meant which is routinely administered
to patients in need thereof without regarding the genotype. Suck a general population
of patients is considered as having the normal genotype, i.e. wildtype genotype.

Further, the present invention encompasses a method for improving and/or modifying
a therapy comprising determining the expression level of CYP3AS5, hereinafter referred
to as expression profile or the protein level of the CYP3AS5 protein, hereinafter referred
to as the protein profile, or the activity level of the said protein, hereinafter referred to
as the activity profile.

The term “expression level” as referred to in the context of the present invention
means the detectable amount of transcripts of the CYP3A5 gene relative to the amount
of transcripts for a housekeeping gene, such as PLA2. The amount of transcripts can
be determined by standard molecular biology techniques including Northern analysis,
RNAse protection assays, PCR based techniques encompassing Tag-Man analysis.
Preferably, the determination can be carried out as described in the accompanied
Examples 4 and 5. The term “expression profile” means that the expression level of the
CYP3AS5 gene is determined and the expression level is compared to a reference
standard. As a reference standard, preferably transcripts are obtained from cells or
tissues of a subject having the aforementioned wildtype alleles of the respective genes
in their genomes.

The term “protein level” refers to the detectable amount of CYP3A5 relative to the

amount of a protein encoded by a housekeeping gene, such as PLA2. The amount of
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proteins can be determined by standard biochemical techniques, such as Western
analysis, ELISA, RIA or other antibody based techniques known in the art. The term
“protein profile” means that the protein level of a panel of the aforementioned proteins
is determined and the protein levels are compared to a reference standard. As a
reference standard, preferably proteins are obtained from cells or tissues of a subject
having the aforementioned wildtype alleles of the respective gene in their genomes.
The term “activity level” means the detectable biological activity of CYP3AS5 relative to
the activity or amount of a encoded by the allellic variants of these gene as disclosed
in the present invention relative to the activity of the protein encoded by the
corresponding wild-type allele of the gene. Biological assays for the aforementioned
proteins are well known in the art and described in Gorski et al., 1994, Biochemical
Pharmacoloy 40:1643-53. As a reference standard, preferably proteins are obtained
from cells or tissues of a subject having the aforementioned wildtype alleles of the
respective genes in their genomes.

The aforementioned methods, preferably, comprise the steps (i) obtaining a tumor
sample from a patient during specific stages of a tumor therapy; and (ii) determining
the expression profile, protein profile or activity profile for CYP3A5. Based on the
expression profiles a clinician can efficiently adapt the therapy. This comprises inter
alia dosage adjustment and/or including administration of an CYP3AS inhibitor.
Preferably, said inhibitor is selected from the following group of inhibitors:
Clarithromycin, Erythromycin, Diltiazem, Mibefradil, grapefuit juice, Cimetidine,
Ciprofloxacin, Norfloxacin, Fluconazole, ltraconazole, Ketoconazole, Fluvoxamine,
Norfluoxetine, Nefazodone, Troleandomycin, Delaviridine, Indinavir, Nelfinavir,
Ritonavir, Saquinavir, Mifepristone, gestodene (http://medicine.iupui.edu/flockhart).
The term inhibitor as used herein encompasses competitive and non-competitive
inhibitors. Preferably competitive inhibitors are substrates such as (GF120918,
LY335979, XR 9576, XR 9051, flavonoids). Preferably non-competitive inhibitors are
substrates such as (SDZ PSC 833, SDZ 280-446, B669, B-859-35, Verapamil, MS-
209, PAK-104p).

Finally, the present invention encompasses a method for determining whether a

patient has developed a resistance against the drugs referred to in the context of the
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present invention. Said method comprising the steps of (i) obtaining a tumor sample
from a patient during specific stages of a tumor therapy; and (i) determining the
expression level of CYP3A5. The expression of the respective genes can be
determined as described in Examples 4 and 5 or as described above. Based on the
evaluation of said expression profile, a clinician can more efficiently adapt the therapy.
This comprises inter alia dosage adjustment and/or including administration of a
CYP3AG5 inhibitor as defined supra.

Each of the documents cited herein (including any manufacturer's specifications,

instructions, etc.) are hereby incorporated by reference.

The nucleic acid and amino acid sequences referred to in this application by sequence
identification numbers (SEQ ID NOs.) are listed in the following Tables 1. For positions
of polymorphic nucleotides, the following substitute letters are used in the nucleic acid
sequences: R, GorA; Y, TorC; M, AorC; K,GorT;S,GorC; W,AorT.

Amino acid sequences are shown in the one letter code. The letter X at polymorphic
amino acid positions represents the modified amino acid or its corresponding wild type
amino acid (see accession numbers).

Moreover, all nucleic acid and amino acid sequences referred to herein by making
reference to GenBank accession numbers are shown in Figures 4 to 29 below.
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The figure show:

Figure 1 shows the correlation of the exon 26 SNP with inestinal MDR1 expression
in 21 volunteres determined by Western blot analyses. The box plot shows the
distribution of MDR1 expression clustered according to the MDR1 3435C>T
genotype at position corresponding to position 176 of the MDR1 gene (GenBank
Acc. No. M29445). The T allele was associated with a lower expression of p-
glycoprotein.

Figure 2 shows the correlation of MDR1 3435C>T genotype and digoxin uptake in
14 healthy volunteers who participated in a clinical study that addresses peak plama
levels of digoxin at steady state [Johne et al., 1999, Clin. Pharmacol. Ther 66:338-
345]. Maximum digoxin levels were statistically significantly different (p=0.006,
Mann Whitney U test) between the two groups which were homozygous for the T
and C allele, respectively.

Figure 3 represent the correlation of the genotype (wt/wt: 1; wt/mut and mut/mut:2)
with MRP1 mRNA content in duodenal biopsies from healthy volunteers derived
from two independent experiments, before and after application of rifampicin.
Treatment with rifampicin had no effect on MRP1 mRNA expression (p<0.001,
paired t-test). A strong trend of an association of MRP1 genotype with MRP1 mRNA
levels was detected (p=0.086, Kruskal-Wallis test).

Figures 4 to 28 show the nucleic acid and amino acid sequences referred to herein.

Figure 29 shows the expression profile of genes relevant to Irinotecan metabolism
in carcinoma cell lines. This semiquantitativ RT-PCR shows amounts of transcripts
for the genes indicated right to the amplicons. PCR products were analyzed by
agarose electrophoresis, stained with ethidium bromid. The respective fragment
sizes are indicated on the left in basepaires (bp).

Figure 30 shows growth inhibition curves for CPT-11 (A) and SN-38 (B) with
epithelial carcinoma cell lines LS174T (colon), KB 3-1 (cervix) and RT112 (bladder).
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Concentrations of CPT-11 ranged from 0 to 200 yg/ml and of SN-38 from 0 to 200
ng/ml. Cells were treated for three days. The data for each concentration are mean

values of at least three wells.

Figure 31 growth inhibition curves for CPT-11 (A) and SN-38 (B) with a epithelial
cervix carcinoma cell line KB 3-1 and two subclones expressing high amounts of
MDR1, KB 3-1 (MDR1) and KB 3-1 (MDR1, CYP3A5). Concentrations of CPT-11
ranged from 0 to 200 zg/ml and of SN-38 from 0 to 200 ng/ml. Cells were treated for
three days. The data for each concentration are mean values and standard

deviation of at least three wells.

Figure 32 shows growth inhibition curves for CPT-11 (A) and SN-38 (B) with the
bladdercancer cell line RT112 and and its subclones RT112 (MDR1, UGT1A1)
expressing MDR1 and higher amounts of UGT1A1. Concentrations of CPT-11
ranged from 0 to 200 yg/ml and of SN-38 from 0 to 200 ng/ml. Cells were treated for
three days. The data for each concentration are mean values and standard

deviation of at least three wells.

Figure 33 shows growth inhibition curves for CPT-11 (A) and SN-38 (B) with
inhibition of MDR1 by R-Verapamil. The epithelial cervix carcinoma cell line KB 3-1
and the two subclones KB 3-1 (MDR1) and KB 3-1 (MDR1, CYP3A5), with high
MDR1 expression, were tested for the influence of MDR1 inhibition by R-Verapamil
on drug sensitivity. Concentrations of CPT-11 ranged from 0 to 200 yg/ml and of
SN-38 from 0 to 200 ng/ml and R-Verapamil was added to 10 wpg/ml final
concentration(+V). Cells were treated for three days. The data for each
concentration are mean values of two wells.

Figure 34 shows growth inhibition curves for CPT-11 (A) and SN-38 (B) with
inhibition of MDR1 by R-Verapamil. To circumvent the MDR1 effect on drug
resistance cells were treated in parallel with R-Verapamil. The KB 3-1 (MDR1) and
KB 3-1 (MDR1, CYP3AS5), which differ in their CYP3A5 expression, were tested for
remaining resistance after inhibition of MDR1. Concentrations of CPT-11 ranged
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from 0 to 200 ug/ml and of SN-38 from 0 to 200 ng/ml and R-Verapamil was added
to 10 ug/ml final concentration(+V). Cells were treated for three days. The data for

each concentration are mean values of two wells.

The present invention is illustrated by reference to the following biological Examples
which are merely illustrative and are not to be constructed as a limitation of the
scope of the present invention.

Example 1: Phenotypically impact of the C to T substitution at position
corresponding to position 176 of the MDR1 gene (Acc. No. M29445).

To investigate the influence of the single nucleotide C to T substitution at position
corresponding to position 176 of the MDR1 gene (Acc. No. M29445) also referred to
as MDR1 exon 26 SNP C3435T on intestinal P-glycoprotein (PGP) expression,
samples from biopsies and duodenal enterocyte preparations from 21 were
investigated at the Dr. Margarete Fischer-Bosch-Institute for Clinical Pharmacology
in Stuttgart by quantitative immunohistochemistry and Western blots. The results
are shown in Figure 1. Homozygous carriers of the T allele (having at a position
corresponding to position 176 of the MDR1 gene (Accession No: M29445) a T)
demonstrated significantly higher PGP levels compared to homozygous carriers of
the C allele (having at a position corresponding to position 176 of the MDR1 gene
(Accession No: M29445) a C). Individuals with heterozygous genotype showed an
intermediate level of PGP expression.

Furthermore, the influence of the MDR1 genotype on intestinal uptake-related
pharmacokinetics of digoxin was investigated in a clinical study at the University
Medical Center, Charite in Berlin. Maximal digoxin blood levels (Cmax) at steady
state were correlated with the MDR1 3435C>T genotype 14 healthy volunteers after
oral application of digoxin. Figure 2 shows, volunteers homozygous for the T allele
show statistically significantly lower digoxin levels than volunteers with a C/C
genotype. (p=0.006, Mann Whitney U test) and reflects the impact of this

polymorphism on digoxin pharmacokinetics.
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Example 2: Correlation of MRP1 polymorphisms with MRP1 expression and
side effects during therapy with MRP1 substrates

Functional polymorphisms in the MRP1 gene affect the transport activity which in
consequence modulates plasma levels and/or intracellular concentrations of MRP1
substrate drugs. Increased levels of such drugs can lead to side effects whereas
decreased levels may resuit in subtherapeutical drug levels and therapy failure.
MRP1 polymorphisms were correlated with the occurence of drug-related adverse
effects and therapeutic efficacy in patients treated with MRP1 substrate drugs. In a
case-control study, the frequency distribution of MRP1 SNPs was compared
between a group of patients who suffered from cisplatin-related nephrotoxicity and a
group of patients with nephro- and hepatotoxicities caused from anti-cancer drugs
with a group of healthy controls. Furthermore, samples of known MRP1 mRNA
levels were screened for MRP1 genotype. The results in the group of patients
demonstrating nephro- and hepatotoxicity during anti-cancer treatment, are listed in
the following table for one MRP1 SNP:

SNP group  Allele frequency [%]  Genotype frequency [%]
G allele Aallele *G/A *A/A *A/A expected?®
150727G>A" Controls 66.7 33.3 50 8.3 10.9
Cases 50.0 50.0 14.3 42.9 25.0

Taccording to Acc. No. AC025277
2 calculated according to Hardy-Weinberg

In contrast to control samples, the A allele (substitution of G to A at position
according to position 150727 of the MRP1 gene, Acc. No. AC025277) was
statistically significantly overrepresented in patients suffering from drug-related
kidney- and liver side effects compared to healthy controls (p=0.044, Chi? test) and
was thus predictive for these side effects.

Furthermore, an association of MRP1 genotype with mRNA expression before and
after rifampicin application was detected for two MRP1 SNP’s, 95T>C (SEQ ID
NOs. 209, 210, 211, and 212, nucleotide substitution of T to C at a position
corresponding to position 95 of the MRP1 gene, Acc. No. AF022831) and 259A>G
(SEQ ID NOs. 277, 278, 279, and 280, nucleotide substitution of A to G at a position
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corresponding to position 259 of the MRP1 gene, Acc. No. AF022831). These SNPs
are linked and form one allele. The mutant allele (MRP1mut, C at position 95 and G
at position 259 of the MRP1 gene, Acc. No. AF022831) is statistically significantly
correlated with decreased MRP1 mRNA expression and the wildtype allele
(MRP1wt, T at position 95 and A at position 259 of the MRP1 gene, Acc. No.
AF022831) with increased MRP1 expression in two independent experiments (with
and without rifampicin induction), as illustrated in figure 3.

The differences in the MRP1 mRNA content are based on MRP1 genotype-related
interindividual differences and the analysis of these SNP’s is of high diagnostic and
prognostic value for MRP1 expression levels and to predict the therapeutic outcome
and adverse effects of MRP1 substrate drugs.

Example 3: Dosage calculation

Therapeutic efficacy ans adverse effects of irinotecan depend on plasma levels and
intracellular concentrations of the parent compound and the active metabolites (e.g.
SN-38), processes which are controlled by CYP3A5- and UGT1A1-related
metabolism and MRP1- and MDRf1-related transport processes [Atsumi, et al.,
1991, Xenobiotica 21:1159-69, lyer, et al., 1998, J Clin Invest 101:847-54, Ciotti, et
al., 1999, Biochem Biophys Res Commun 260:199-202, Santos, et al., 2000, Clin
Cancer Res 6:2012-20, Kuhn, 1998, Oncology (Huntingt) 12:39-42, Chen, et al,,
1999, Mol Pharmacol 55:921-8, Chu, et al., 1997, Cancer Res 57:1934-8, Chu, et
al., 1997, J Pharmacol Exp Ther 281:304-14; Chu, et al., 1998, Cancer Res
58:5137-43, Chu, et al.,, 1999, Drug Metab Dispos 27:440-1, Chu, et al., 1999, J
Pharmacol Exp Ther 288:735-41, Mattern, et al., 1993, Oncol Res 5:467-74, Hoki,
et al., 1997, Cancer Chemother Pharmacol 40:433-8, Sugiyama, et al, 1998,
Cancer Chemother Pharmacol 42:544-9]. For example, MRP1 works in close
connection with glucuronosyltransferases as part of the cellular detoxification
system and is known to transport glucuronosyl conjugates such as SN-38G [Kénig
et al., 1999, Biochim Biophys Acta 1461:377-394, Kerb et al., 2001,
Pharmacogenomics 2:51-64]. For example, the extend to which SN-38G is exported
from the cell into bile greatly influences the rate of its formation. For an efficient
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detoxification of SN-38 both processes are necessary, conjugation by UGT1A1 and
export of the glucuronide.

The 47518T>C (SEQ ID NOs.137, 138, 139, and 140) and 9736A>G (SEQ ID NOs.
149, 150, 151, 152) nucleotide substitutions of the CYP3A5 gene (Acc. No.
G1:10281451), and the 145601T>G (SEQ ID NOs. 141, 142, 143, 144) and
145929A>G (SEQ ID NOs. 145, 146, 147, and 148) nucleotide substitutions of the
CYP3A5 gene (Acc. No. GI:11177452) form an high CYP3AS5 expression-related
allele and are therefore associated with a higher metabolic inactivation of irinotecan.
Individuals with this allele are extensive metabolizers (EMs) and are therefore in
contrast the reminder poor metabolizers (PMs) less likely to suffer from irinotecan
toxicity. Those with one high expresser and one low expresser-related allele are

regarded as intermediate metabolizers (IMs).

The 176C>T nucleotide substitution (SEQ ID NOs. 217, 218, 219, and 220) of the
MDR1 gene (Accession No: M29445) is associated with low PGP expression-
related low drug efflux, and the 95T>C (SEQ ID NOs. 209, 210, 211, and 212) and
the 259A>G (SEQ ID NOs. 277, 278, 279, and 280) nucleotide substitutions of the
MRP1 gene (Acc. No. AF022831) are associated with low mRNA expression and
the 150727G>A nucleotide substitution (SEQ ID NOs. 217, 218, 219, and 220) of
the MRP1 gene (Accession No: M29445) is associated with low PGP expression-
related low drug efflux and the 150727G>A nucleotide substitution (SEQ ID NOs.
217, 218, 219, and 220) of the MRP1 gene (Accession No: AC025277) is
associated with adverse effects. Individuals carrying low transporter expression-
related alleles are therefore less capable to clear cells from toxic compounds. Both,
transport and metabolism are affected in a gene-dose dependant manner.
According to the number of low expression-related alleles of the respective
transport protein, individuals can be classified as having either extensive (ET),
intermediate (IT) or poor transporter capacity (PT) of the respective gene.

By genetic testing prior to onset of treatment with irinotecan, the MDR1- and MRP1-
related transport capacity of the patients can be predicted. The individual risk to
adverse effects depends on the number of PM and/or PT alleles Individuals with
PM-related alleles of CYP3AS5 and UGT1A1 and PT-related alleles of MDR1 and
MRP1 are at the highest risk to suffer from irinotecan toxicity.
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Based on this knowledge, the initial dose can be adjusted prior to the first dose as
shown by Brockméller et al. (2000, Pharmacogenomics 1:125) for substrate drugs
of CYP2D6, CYP2C9, and CYP2C19.

Dose adjustment can be achieved using a scoring system. For each PM- or PT-
related allele a certain score is assigned e.g. a score of 2 is assigned to UGT1A1
PM alleles 226A, (SEQ ID NOs 9, 10, 11, 12, 540, 541) and 701A (SEQ ID NOs. 25,
26, 27, 28, 554, 555), and a score of 1 is assigned to the CYP3A5 PM-related
alleles (47523T plus 35649A plus 145601T plus 145929A, 47523T plus 35649G
plus 145601G plus 145929G, and 47523C plus 35649A plus 145601T plus
145929A), to the MDR1 low expression allele 176T (SEQ ID NOs.: 417, 418, 419,
and 420), to the MRP1 low expression alleles 150727A (SEQ ID NOs. 217, 218,
219, and 220) and 259G (SEQ ID NOs. 277, 278, 279, and 280), to the MRP1
150727A allele (SEQ ID NOs. 217, 218, 219, and 220). After genotyping the scores
are summarized and irinotecan dosage is adjusted according to the sum. Each
single score corresponds to a dose reduction of 10%, i.e. a score of one
corresponds to a 10% dose reduction, a score of two to 20%, a score of 3 to 30%,
etc.

Example 4: Culture conditions and biological assays

The human epithelial cervical cancer cell line KB 3-1 with two subclones (KB 3-1
(MDR1***) and KB 3-1 (MDR1™*, CYP3A5)) and the bladder cancer cell line
RT112, also with subclone (RT112 (MDR1*, UGT1A1)), were cultured in Dulbecco's
Modified Eagle Medium (DMEM) including 3.7 g/l NaHCOg3, 4.5 g/l D-Glucose, 1.028
g/l N-Acetyl-L-Alanyl-L-glutamine and supplemented with 10% fetal bovine, 1 mM
Na-pyruvate and 1% non-essential amino acids. The human colon cancer cell line
LS174T was cultured in Dulbecco's modified Eagle medium containing L-
glutamine, pyridoxine hydrochloride and 25 mM Hepes buffer without phenol red,
supplemented with 10% fetal bovine, 1 mM Na-pyruvate and 1% non-essential
amino acids. All cells were incubated at 37°C with 5% CO. in a humidified
atmosphere.
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Drugs

Irinotecan (CPT-11) and its active metabolite SN-38 were provided by Pharmacia.
For preparation of stock solutions the substances were dissolved in methanol, 10
mg/ml for CPT-11 and 1 mg/ml for SN-38 and stored at 4°C protected from light.
Lower concentrated dilutions were prepared in PBS and cell culture medium. R-
Verapamil was applied from SIGMA, dissolved in DMSO to 50 mg/ml and further
diluted in PBS.

Treatment of cells with drugs

Cells were seeded in 96-well culture plates 24 h prior to treatment. With respect to
differential growth rates KB 3-1 and RT112 cells were seeded at 700 cells/well,
RT112 (MDR1*, UGT1A1) at 1000 cells/well and KB 3-1 (MDR1***) and KB 3-1
(MDR1***, CYP3A5) at 1200 cells/well. LS174T were seeded at 1.0 x 10* cells/well.
Cells were treated with freshly prepared serial dilutions in culture medium, 0, 0.5, 1,
2.5,5,7.5,10, 25, 50, 75, 100 and 200 xg/ml for CPT-11, and 0, 0.1, 0.25, 0.5, 1, 5,
10, 25, 50, 75, 100 and 200 ng/ml for SN-38. Four well were treated with the same
drug dilution. Cells were incubated for 3 days at 37°C in a humidified 5% CO:
atmosphere.

For MDR1 inhibition experiments R-Verapamil was added to 10 wg/ml final
concentration in two wells of each drug dilution.

Cytotoxicity assay

A commercially available MTS assay system (Promega, Madison, USA) was used
to determine growth inhibition and cell death according to the instructions of the
manufacturer. Three days after adding the drugs, 20 ul of the combined MTS/PMS
solution was added to each well of the 96-well culture plate. The plate was
incubated for at least 45 min at 37°C in a humidified 5% CO, atmosphere and the
absorbance at 492 nm was measured. The absorbance values of untreated control
cells on each plate were set as 100% growth and used to calculate the remaining
growth of drug treated cells. Untreated cells on the culture plates served as controls

for unaffected growth and survival.
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The drug concentration effecting a 50% inhibition of cell growth was defined as the
ICs0.

RNA preparation and cDNA synthesis

From each cell batch used in these experiments messenger RNA was isolated from
cell lysates by oligo-dT magnet beads (#MACS mRNA Isolation Kit; Miltenyi
Biotech) following the instructions of the manufacturer. 250 ng mRNA of each cell
line was applied in a 20 ul cDNA synthesis reaction with Superscript 11 reverse
transcriptase (Gibco BRL). Dilutions of this cDNAs served as template in transcript

specific amplification reactions.

PCR primers and reaction conditions

PCRs were set up in 25 ul reactions with 0.5 units Tag Polymerase (Qiagen), 200
uM nucleotide mix, 5 ul cDNA template dilution and 0.2 4M gene specific primers,
as indicated in Table 3. All reactions were run under the same amplification
conditions, differing only in number of cycles (table ), 2 min pre-denaturation at
94°C, than for amplification: 45 sec denaturation at 94°C, 45 sec annealing at 62°C
and 45 sec elongation at 72°C, except for UGT1A1 which needed longer elongation
of 2 min.

Table 3: Sequences of gene specific primers and conditions for PCR reactions. F:
forward primer; R: reverse primer for mRNA sequences.

Gene Primer sequence (5’-3’) cDNA cycle
dilution number
MDR1 F: TGCCTTCATCGAGTCACTGCC 1:100 26

R: TCACTGGCGCTTTGTTCCAGC

MRP1 F: TCTCCAAGGAGCTGGACACA 1:10 30

R: CGTGGTGACCTGCAATGAGT

UGT1A F: GATGATGCCCTTGTTTGGTG 1:100 30
R: TGTTTTCAAGTTTGGAAATGACTAGGG

UGT1A1 F: AACCTCTGGCAGGAGCAAAGG 1:10 34

R: TGTTTTCAAGTTTGGAAATGACTAGGG
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CYP3A4 F: TCAGCCTGGTGCTCCTCTATCTAT 1:10 34

R: AAGCCCTTATGGTAGGACAAAATATTT

CYP3AS5 F: TTGTTGGGAAATGTTTTGTCCTATC 1:10 34

R: ACAGGGAGTTGACCTTCATACGTT

PLA2 F: GCTGGTTCAGAAGGCCAAAC 1:100 26

.| R: GGGCCAGACCCAGTCTGATA
(house  keeping

gene)

Example 5: Expression of genes involved in irinotecan metabolism

Messenger RNA was isolated from the human bladder cancer cell line RT112, its
subclone RT112 (MDR1, UGT1A1), the human epithelial cervical cancer cell line KB
3-1 and two subclones KB 3-1 (MDR1**") and KB 3-1 (MDR1***, CYP3A5), and the
colon carcinoma cell line LS174T (ATCC CL-188). These mRNAs were reverse
transcribed into cDNA and applied as templates in transcript-specific amplification
reactions to determine the expression levels of genes involved in irinotecan
transport and metabolism (MDR1, MRP1, UGT1A, UGT1A1, CYP3A4, CYP3A5).
Amplification of the house keeping gene phospholipase A2 (PLA2) was used as a
control for comparable cDNA amounts in the reactions.

The amplification reactions in figure 29 show that the carcinoma cell lines RT112,
KB 3-1, and LS174T have no or very low expression of MDR1, respectively. RT112
(MDR1, UGT1A1) is a subclone of RT112, which was selected for resistance to
cytotoxic drugs as described in Seemann et al. (Urol Res 1995; 22:353-360), and is
characterised by a moderately increased MDR1 expression. The drug resistant
subclones KB 3-1 (MDR1***) and KB 3-1 (MDR1***, CYP3A5) were derived
similarly from the original KB 3-1 cell line by exposure to MDR1 substrates. These
subclones are characterized by highly increased MDR1 expression. They show
>20-times more transcripts than the original KB 3-1 cells, implicating a very high
MDR1 activity. MRP1 is expressed at the same level in all cell lines. Transcripts of
UGT1A enzymes are present only in RT112, RT112 (MDR1, UGT1At1), and LS174T
cells. UGT1A1 is only weakly expressed in RT112, stronger expressed in RT112
(MDR1, UGT1A1) and shows highest expression in LS174T cells. CYP3A4 was
solely detected in very small amounts in LS174T. RT112 cells, RT112 (MDR1,
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UGT1A1), and LS174T show a heterozygous expression of the functionally inactive
splice variant and the functionally active transcript of CYP3AS5. In contrast, KB 3-1
and KB 3-1 (MDR1***) cells have only the active CYP3A5 transcript and the KB 3-1
(MDR1***, CYP3A5) showed the highest expression of the active CYP3A5
transcript, implicating that the latter have the highest CYP3AS5 activity.

Example 6: Colon and other epidermal cancer cell lines with no or low MDR1
and CYP3AS5 activity are sensitive to CPT-11 and SN-38.

The colon cancer cell line LS174T, the cervical cancer cell line KB 3-1 and the
bladder cancer cell line RT112 were seeded in 96-well culture plates 24 h prior to
treatment. Four wells of each cell line were incubated with serial dilutions of CPT-11
and SN-38 and analysed as described above. Figure 30 shows that all three
epidermal cancer cell lines stop proliferation and die upon treatment with CPT-11
and SN-38. The concentrations resulting in 50% inhibition (ICsp) for CPT-11 are 1.5
ug/ml for LS174T, 2.5 ug/ml for RT112 and 5 ug/ml for KB 3-1 cells. The active
metabolite of CPT-11, SN-38 shows a 1000-fold higher efficacy than CPT-11, since
103-times lower concentrations cause the same degree of growth inhibition and cell
death. The ICso of SN-38 is 5 ng/ml for LS174T cells, 4 ng/ml for RT112 cells and
25 ng/ml for KB 3-1 cells.

These results show that all three epidermal cancer cell lines although derived from
different tissues are similarly sensitive to CPT-11 and SN-38 treatment. This also
indicates that cancer cells expressing no or only low levels of MDR1 (Figure 29) can
be efficiently killed by CPT-11 and SN-38 (Figure 30).

Example 7: MDR1 activity correlates with resistance of cancer cells toward
CPT-11 and SN-38

Cells of KB 3-1 and its strongly MDR1 expressing subclones KB 3-1 (MDR1***) and
the KB 3-1 (MDR1***, CYP3A5) were seeded in 96-well culture 24 h prior to
treatment. Four wells of each cell line were incubated with serial dilutions of CPT-11
and SN-38 and treated as described above. The inhibition curves (Figure 31) of the
MDR1 high expresser KB 3-1 subclones (KB 3-1 (MDR1***) and KB 3-1 (MDR1***,
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CYP3A5)) (Figure 29) demonstrate a significant higher resistance to CPT-11 and
SN-38 compared to the MDR1 low expresser KB 3-1 cell line (KB 3-1). The ICs for
CPT-11 increases 17 to 40 fold from 5 yg/ml in KB 3-1 to 85 ug/ml in KB 3-1
(MDR1***) and 200 pyg/ml in KB 3-1 (MDR1***, CYP3A5) cells. The ICso for SN-38
increases at least 8 times from 25 ng/ml in KB 3-1 to 200 ng/ml in KB 3-1 (MDR1**)
and >200 ng/ml in KB 3-1(MDR1***, CYP3A5).

CPT-11 and SN-38 are substrates of MDR1, and are therefore removed from the
cells by MDR1 activity. The MDR1 expression level correlates inversely with the
sensitivity of tumor cells towards CPT-11 and SN-38. Subsequently, the killing of
cells with high MDR1 expresser phenotype requires much higher concentrations of
CPT-11.

Example 8: UGT1A1 activity correlates with sensitivity towards SN-38 and not
towards CPT-11

CPT-11 and SN-38 sensitivity was compared between RT112 cells and its subclone
RT112 (MDR1, UGT1A1). Four wells of each cell line were incubated with serial
dilutions of CPT-11 and SN-38 and treated as described above.

The difference in sensitivity against CPT-11 is only small as shown in Figure 32A.
The I1Cso of RT112(MDR1, UGT1A1) cells of 4 yg/ml CPT-11 is two-times higher
compared to RT112 cells (ICso of 2.5 pg/ml). In contrast to RT112 cells which
express no MDR1, RT112 MDR1, UGT1A1) cells express an intermediate amount
of MDR1 which can explain the small though significant increase of CPT-11
sensitivity. A much stronger difference exists between RT112 (ICso of 4 ng/ml) and
RT112 (MDR1, UGT1A1) cells (ICso of 75 ng/ml) after treatment with SN-38 (Figure
32B). This 19-fold higher resistance of the RT112 (MDR1, UGT1A1) cell line can be
explained by the additional detoxifying effect of UGT1A1 which is expressed at a
higher level in RT112 (MDR1, UGT1A1) than in RT112 cells (Figure 29). In contrast
to SN-38, CPT-11 is not metabolized by UGTs. Therefore, CPT-11-related toxicity is
not affected by UGT1A1 expression and the resistance-enhancing capabilitiy of
UGTs in RT112(MDR1, UGT1A1) cells is only detected by application of SN-38.

Example 9: MDR1 inhibition serves as sensitizer towards CPT-11 and SN-38 in
MDR1 high expressing but not low expressing cancer cells.
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The sensitivity of KB 3-1 cells and its subclones KB 3-1 (MDR1™*) and KB 3-1
(MDR1***, CYP3A5) against CPT-11 and SN-38 was assessed after blocking
MDR1 function using the specific inhibitor R-Verapamil. Four wells of each cell line
were incubated with serial dilutions of CPT-11, SN-38 and analysed as described
above. Two wells were additionally treated with the MDR1 inhibitor R-Verapamil.
Figure 33 shows that addition of R-Verapamil has only marginal effects on the CPT-
11 and SN-38 sensitivity of MDR1 low expresser KB 3-1 cells (CPT-11 and SN-38
IC50s of 5 ug/ml and 25 ng/ml without R-Verapamil versus 4.5 yg/ml and 15 ng/m
with R-Verapamil, respectively). In contrast, the sensitivity of the MDR1 expressing
cells KB 3-1(MDR1***) and KB 3-1(MDR1***, CYP3AS5) towards CPT-11 and SN-38
was 8-fold and 10-fold higher after inhibition of MDR1 transport function with R-
Verapamil. The ICso of KB 3-1(MDR1**") cells for CPT-11 decreased from 85 pg/mli
without to 10 ug/ml with R-Verapamil and from 200 ug/ml without to 25 pg/ml with
R-Verapamil in KB 3-1 (MDR1***, CYP3AS5) cells. The effect of MDR1 inhibition
during SN-38 treatment is even stronger in these MDR1 high expresser cells, R-
Verapamil blocked the MDR1 transport completely and they become as sensitive as
KB 3-1 cells.

These results demonstrate that the MDR1 activity is relevant for resistance of
cancer cells to CPT-11 and SN-38 and that inhibition of MDR1 sensitises the cells,
so that they are more efficiently killed at lower drug concentrations.

Example 10: CYP3AS5 activity influences resistance to CPT-11

KB 3-1 (MDR1***) and KB 3-1 (MDR1**", CYP3A5) cells which differ by their
amounts of CYP3A5 (Figure 29). Four wells of each cell line were incubated with
serial dilutions of CPT-11, SN-38 and analyzed as described above. Two wells were
additionally treated with the MDR1 inhibitor R-Verapamil.

Because MDR1 activity is a major determinant of cellular sensitivity toward CPT11
and SN-38, the MDR1 activity in these MDR1 high expresser cell lines was
completely blocked using an excess of the specific MDR1 inhibitor R-Verapamil to
analyze the impact of CYP3A5 on CPT-11 and SN-38 sensitivity without
interference of MDR1.

The high CYP3AS5 expresser cell line KB 3-1 (MDR1***, CYP3AS5) is with an ICsq of
25 ug/ml 2.5-times more resistant to CPT-11 than KB 3-1 (MDR1%"*) showing an
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ICso of 10 ug/mi (Figure 34). No difference between these two cell lines can be
observed regarding their sensitivity towards SN-38.

These experiments demonstrate a significant impact of CYP3A5 expression on the
resistance to CPT-11 in contrast to SN-38. The fact that CYP3A5 activity had no
influence on SN-38 toxicity further confirms the CYP3A5 effect, because CPT-11
but not SN-38 is metabolized by CYP3A5.

Example 11: MDR1 genotyping improves therapeutic efficacy of irinotecan by
genotype-based prediction and monitoring of drug resistance.

Therapeutic efficacy and adverse effects of irinotecan depend on plasma levels and
on intracellular tumor concentrations of the parent compound and the active
metabolites (e.g. SN-38). The MDR1 gene controls the PGP-dependent penetration
of irinotecan across membranes [Luo et al., Drug Metab Dispos 2002, 30:763-770;
Jansen et al., Br J Cancer 1998, 77:359-65 Chu et al., J Pharmacol Exp Ther 1999;
288, 735-41; Sugiyama et al., Cancer Chemother Pharmacol 1998, 42 Suppl:S44-9]
and is therefore an important determinant for its systemic availability and
intracellular accumulation. The 176C>T nucleotide substitution (SEQ ID NOs. 217,
218, 219, and 220) of the MDR1 gene (Accession No: M29445) is associated with
low PGP expression-related low drug efflux and patient carrying this substitution are
more likely to respond to irinotecan treatment for two reasons: 1) Due to the lower
amount of PGP in enterocytes more irinotecan can enter the body across the
intestinal barrier causing more irinotecan to reach its site of action, the tumor. 2)
Due to the lower amount of PGP in the tumor cell membranes more irinotecan can
penetrate into the tumor cells to deploy its cytotoxic effects. The currently used
standard dose of irinotecan kills highly effective most tumor cells within the first
cycles of chemotherapy with only very few surviving drug-resistant tumor cells and
tolerable adverse events. Independently from the mechanisms of drug resistance, in
these patients, the number of surviving cells is to small to develop into a drug-

resistant tumor which does not respond any longer to irinotecan therapy.

Patients with the high expresser MDR1 genotype (nucleotide C at position 176 of
the MDR1 gene, Accession No: M29445) are less likely to respond to irinotecan
treatment. Higher doses would be necessary to achieve a sufficiently efficient killing
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of tumor cells in order to prevent the development of a drug-resistant tumor.
However, elevation of irinotecan dosage is limited due to the occurrence of
intolerable adverse events (e.g. diarrhea, neutropenia, or thromboembolic
complications). Alternatively, efficacy of irinotecan treatment can be improved by
addition of a PGP inhibitor. A PGP inhibitor blocks efficiently the PGP function in
MDR1 high expresser patients in such a way as to enable irinotecan to concentrate
in the tumor cells for exerting its cytotoxicity as effective as in MDR1 low expresser
patients. Consequently, genotypically MDR1 high expresser patients become
phenotypically comparable to MDR1 low expressers.

According to the number of low or high expresser alleles of the MDR1 gene,
individuals can be classified as having either extensive (ET, two high expresser
alleles), intermediate (IT, one high expresser, one low expresser allele) or poor
transport capacity (PT, two low expresser alleles). By genetic testing prior to onset
of treatment with irinotecan, patients can be classified as ET, IT, or PT and the
MDR1-related transport capacity of the patients can be predicted. The individual risk
of an insufficient anticancer treatment increases with the number of MDR1 high
expresser alleles. Individuals with ET genotype are at the highest risk to suffer from
insufficient response to irinotecan and are at the highest risk to develop a drug
resistant tumor. ET patients should be treated with a PGP-inhibitor in addition to
irinotecan and more closely monitored for adverse events and for the development
of chemotherapy-related drug-resistance. Furthermore, these patients, who are at
high risk for developing a drug-resistant tumor, can particularly benefit from taking a
tumor biopsy between each cycle of chemotherapy with subsequent individual

profiling of tumor cells for drug resistance.

Example 12: Identification of genetic determinants of CYPAS5 protein
expression

Protein expression of CYP3A5 was determined in 186 Caucasian liver samples by
Western blotting using CYP3AS5-specific antibodies (Gentest). Liver microsomes
were prepared as previously described (Zanger, Biochemistry 27 (1988), 5447-54).
To obtain total protein homogenate, powdered liver tissue was homogenised in 0.1
M Tris-Cl pH 7.4, 1 mM EDTA, 1 mM Pefa Bloc SC, 1 ug/ml leupeptin, 1 ug/ml
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pepstatin with a Potter Elvehjem homogenisator (glass/Teflon) for 2 min at 1000
rpm. Homogenates were then sonified with a Bandelin Sonoplus HD 200 and stored
at —80°C.

For Western blotting, 12.5 g microsomal protein homogenate or 40 ug total protein
homogenate were separated in a 10 % SDS-polyacrylamide gel. Electrophoretic
transfer onto PVDF membranes was carried out in a TankBlot Cell (BioRad) for 1.5
hours at constant voltage (100 V) and at 10 °C. Following the transfer, the
membranes were incubated for 60 min in 5 % milk, TBS, 0.1 % Tween 20 to reduce
the unspecific antibody binding. Incubations with either primary antibody (Gentest,
dilution 1:500) were performed in 1 % milk, TBS, 0.1 % Tween 20 for 60 min, those
with the secondary antibody (anti-rabbit IgG-POD Fab-fragments, Dianova, dilution
1:10000 in the same solution for 30 min. CYP3AS5 protein bands were detected with
Supersignal Dura (Pierce) and a digital CCD-camera (LAS-1000, Fuji). Signal
quantification was performed with AIDA (Raytest). Protein expression levels were
calculated based on calibration curves obtained with microsomes expressing
recombinant CYP3AS5 proteins (Gentest).

Homogenates or microsomal fractions were prepared from 186 human livers and
investigated by Western blotting using a CYP3AS5-specific antibody. CYP3A5
protein was detected in all samples analysed and its expression showed a
bimodalar distribution . 168 livers (~ 90 %), further referred to as LE (low-
expressing), showed expression close to or below the lower limit of quantification
(LLOQ) of the assay (0.3 pmol/mg homogenate protein and 1.0 pmol/mg
microsomal protein) whereas 18 samples (~ 10 %), further referred to as HE (high-
expressing), could be destinguished by significantly higher CYP3A5 expression
levels. The expression was in the range between 1.6 and 2.9 pmol/mg homogenate
protein (2.3 £ 0.5; n = 6) and between 3.9 and 15.5 pmol/mg microsomal protein
(9.7 £ 4.1; n = 12). Taking the LLOQ of the assay as the expression level of
CYP3AS5 in LE livers, HE livers express on average 8 to 10 times more CYP3A5

protein than LE livers.
The frequencies of Caucasian CYP3A5 gene variants were analyzed in 186 liver

samples from Caucasian origin and correlated with CYP3AS5 protein expression.
The frequencies of variants (SEQ IDs 137, 141, 145, and 149) were significantly
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increased in HE livers (all x2 > 13.3, df = 1, p < 0.01, Bonferroni corrected). Except
one, all tested HE livers (17/18, 94 %) were heterozygous for three variants (SEQ
IDs 145, 149 and 137). 16 of those samples were heterozygous for ch-v-020 as
well. One HE sample could not be genotyped for this variant. In contrast, LE livers
were either wildtype (155/168, 92.3 %), heterozygous for SEQ IDs 145 and 149
(9/168, 5.4 %) or heterozygous for the SEQ ID 137 (4/168, 2.4 %) only. However, in
LE livers all three variants never occurred simultaneously. These results defined
either of the three variants as a useful but imperfect marker of increased CYP3A5
expression.

The distribution of SEQ IDs 145, 149, and 137 in the samples screened strongly
suggest that they constitute a haplotype. In the following, the hypotheses whether
these three variants recombine independently or not has been tested. Assuming
their independent inheritance, the expected 3-loci-genotype frequencies for all
combinations of variants and compared them with the observed frequencies have
been calculated. The difference is highly significant (2 = 93.6; classes 'all wildtype',
'single variant hetero- or homozygous', 'two or three variants hetero- or
homozygous'; df = 1; p << 0.001). There were more individuals with two or three of
the variants than expected and less individuals with only one of the variants. This
result suggests linkage among the three variants. The degree of linkage with the
linkage disequilibrium parameter D for the three pairs of variants was estimated.
Using maximum likelihood estimates for haplotype frequencies, D was calculated to
be 0.041 for the variant pairs with the SEQ IDs 145/137 and 149/137, which is 80 %
of its theoretical maximum, and 0.065 for the variants with the SEQ IDa 145 and
149 which corresponds to 100 % of its theoretical maximum.

The probability that individuals showing the respective variant genotype are HE
(positive predictive value) is estimated to be 65 % for SEQ IDs 145 and 149,
respectively, and 81 % for the SEQ ID 137 variant. For the combination of all three
variants the positive predictive value is 100 % in our sample set. However,
assuming that these variants need to be located in cis for increased protein
expression, it is clear that there is some probability for individuals showing all three
variants to be LE. The results show that at least the allele comprising SEQ IDs
145/149 and the allele from SEQ ID 137 actually exist and therefore the existence
of a genotype with a combination of these two alleles has to be postulated. The
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maximum likelihood estimate for the frequency of these 3-fold heterozygotes having
not all three variants in cis is 0.05 % of all samples screened or 0.61 % of samples
hetero- or homozygote for all three variants. In other words, of 100 Caucasians
screened statistically about 9 of them will be hetero- or homozygous for all three
variants and about 0.05 of these will have not all three variants in cis. Therefore, it
can be expected that the positive predictive power of the 3-variant genotype to be
about 99.95 %. Of course, the same values would be achieved for a combination of
only two variants, the SEQ IDs 145/137 or 149/137.
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Claims

1. A method of using irinotecan to treat a patient suffering from cancer which
comprises:

(@) determining if the patient has one or more variant alleles of the
CYP3AS5 gene;

(b)  in a patient having one or more of such variant alleles, administering to
the patient an amount of irinotecan which is sufficient to treat a patient
having such variant alleles which amount is increased or decreased in
comparison to the amount that is administered without regard to the
patient’s alleles in the CYP3A5 gene.

2. The method of claim 1 wherein the cancer is colorectal cancer, cervical cancer,
gastric cancer, lung cancer, malignant glioma, ovarian cancer, or pancreatic
cancer.

3. The method of claim 2 in which:

(@) the one or more variant alleles result in the patient expressing low
amounts of the CYP3A5 gene product, whereby the amount of
irinotecan administered to the patient is decreased to avoid toxicity; or

(b) the one or more variant alleles result in the patient expressing high
amounts of the CYP3A5 gene product, whereby the amount of
irinotecan administered to the patient is increased to enhance efficacy.

4. The method of claim 3 wherein the one or more variant alleles are in the
promoter region of the CYP3AS5 gene.

5. The method of claim 3 wherein the one or more variant alleles are in the coding
region of the CYP3A5 gene.
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6. The method of claim 3 wherein the one or more variant alleles are not in either

the promoter region or the coding region of the CYP3AS5 gene.

7. The method of claim 3 wherein the one or more variant alleles are in both the
promoter region and the coding region of the CYP3A5 gene.

8. The method of claim 3 wherein the one or more variant alleles comprises a
polynucleotide selected from the group consisting of:

(@) a polynucleotide having the nucleic acid sequence of any one of SEQ
ID NOs: 137, 138, 141, 142, 145, 146, 149 and/or 150;

(b) a polynucleotide capable of hybridizing to a Cytochrome P450,
subfamily IlIA (nifedipine oxidase), polypeptide 5 (CYP3A5) gene,
wherein said polynucleotide is having at a position corresponding to
positions 47518 and/or 9736 of the CYP3A5 gene (Accession No:
Gl:10281451), a substitution of at least one nucleotide or at a position
corresponding to positions 145601 and/or 145929 of the CYP3A5
gene (Accession No: Gl:11177452), a substitution of at least one
nucleotide;

(c) a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein
said polynucleotide is having at a position corresponding to position
47518 of the CYP3A5 gene (Accession No: GI:10281451) a C, at a
position corresponding to position 145601 and/or 145929 of the
CYP3A5 gene (Accession No: Gl:11177452) a G or at a position
corresponding to position 9736 of the CYP3AS5 gene (Accession No:
Gl:10281451) a G.

9. The method of claim 8 wherein the one or more variant alleles comprises a
polynucleotide selected from the group consisting of:
(@) a polynucleotide having the nucleic acid sequence of any one of
SEQ ID NO: 137, 141, 145 or 149:
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(b) a polynucleotide capable of hybridizing to a CYP3A5 gene,
wherein said polynucleotide is having a substitution at a position
corresponding to position 47518 or 9736 of the CYP3AS5 gene (Accession
No: Gl:10281451) or 145601 or 145929 of the CYP3A5 gene (Accession
No: Gl:11177452);

(c) a polynucleotide capable of hybridizing to a CYP3A5 gene,
wherein said polynucleotide is having a C at a position corresponding to
position 47518 of the CYP3A5 gene (Accession No: GI:10281451) ora G
at a position corresponding to position 9736 of the CYP3A5 gene
(Accession No: GI:10281451), or 145601 or 145929 of the CYP3A5 gene
(Accession No: Gl:11177452).

The method of claim 8 in which the one or more variant alleles results in the
patient expressing low amounts of the CYP3A5 gene product, whereby the

amount of irinotecan administered to the patient is decreased.

The method of claim 8 in which the one or more variant alleles results in the
patient expressing high amounts of the CYP3A5 gene product, whereby the
amount of irinotecan administered to the patient is increased.

The method of claim 9 in which the one or more variant alleles results in the
patient expressing low amounts of the CYP3A5 gene product, whereby the
amount of irinotecan administered to the patient is decreased.

The method of claim 9 in which the one or more variant alleles results in the
patient expressing high amounts of the CYP3A5 gene product, whereby the
amount of irinotecan administered to the patient is increased.

A method for determining whether a patient is at risk for a toxic reaction to

treatment with irinotecan which comprises determining if the patient has one
or more variant alleles of the CYP3AS5 gene.
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The method of claim 14 which further comprises administering to the patient
reduced amounts of irinotecan if the patient has one or more variant alleles
that result in decreased expression of the CYP3A5 gene.

A method for determining the optimum treatment regimen for administering

irinotecan to a patient suffering from cancer which comprises:

(a) determining if the patient has one or more variant alleles of the
CYP3A5 gene;

(b) in a patient having one or more of such alleles increasing or
decreasing the amount of irinotecan in comparison to the amount that
is administered without regard to the patient’s alleles in the CYP3A5

gene.

A method of treating cancer in a patient having one or more variant alleles of
the CYP3A5 gene such that expression levels of the CYP3A5 gene product
are lower than in the general population and so indicates high sensitivity to
irinotecan which comprises administering to the patient a decreased amount

of irinotecan.

A method of treating cancer in a patient having one or more variant alleles of
the CYP3A5 gene such that expression levels of the CYP3A5 gene product
are higher than in the and so indicates resistance or predisposition to
resistance to irinotecan which comprises administering to the patient an

increased amount of irinotecan.

A method of treating cancer in a patient which comprises internally
administering to the patient an effective amount of irinotecan, wherein the
treatment regimen is modified based upon the genotype of the patient's
CYP3AS5 gene.

A method of treating a population of patients suffering from cancer which

comprises:
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(@) determining, on a patient by patient basis, if the patient has one or
more variant alleles of the CYP3A5 gene;

(b) in a patient having one or more of such variant alleles, administering to
the patient an amount of irinotecan which is sufficient to treat a patient
having such variant alleles which amount is increased or decreased in
comparison to the amount that is administered without regard to the
patient’s alleles in the CYP3A5 gene.

A method for predicting sensitivity to irinotecan in a patient suffering from
cancer which comprises determining if the patient has one or more variant
alleles of the CYP3A5 gene, which alleles indicate that the cancerous cells
express low or high amounts of the CYP3A5 gene product, whereby low
expression indicates high sensitivity to irinotecan and high expression

indicates resistance or predisposition to resistance to irinotecan.

The method of claim 21 in which patients that have a genotype that indicates
resistance or predisposition to resistance are treated with a CYP3A5

inhibitor.

The method of claim 22 wherein the CYP3A5 inhibitor is selected from the
group consisting of: Clarithromycin, Erythromycin, Diltiazem, Mibefradil,
grapefuit juice, Cimetidine, Ciprofloxacin, Norfloxacin, Fluconazole,
ltraconazole, Ketoconazole, Fluvoxamine, Norfluoxetine, Nefazodone,
Troleandomycin, Delaviridine, Indinavir, Nelfinavir, Ritonavir, Saquinavir,
Mifepristone, and gestodene

The method of claim 21 wherein the patients that have a genotype that
indicates resistance or predisposition to resistance are monitored during
treatment by assaying for expression levels of the CYP3A5 gene product in
the cancerous cells.

Use of irinotecan or a derivative thereof for the preparation of a

pharmaceutical composition for treating cancer, especially, colorectal cancer,
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cervical cancer, gastric cancer, lung cancer, malignant glioma, ovarian

cancer, and pancreatic cancer in a subject having a genome with a first

variant allele which comprises a polynucleotide selected from the group

consisting of:

(a)

(b)

(©)

a polynucleotide having the nucleic acid sequence of any one of SEQ
ID NOs: 137, 138, 141, 142, 145, 146, 149 and/or 150;

a polynucleotide capable of hybridizing to a Cytochrome P450,
subfamily IlIA (nifedipine oxidase), polypeptide 5 (CYP3A5) gene,
wherein said polynucleotide is having at a position corresponding to
positions 47518 and/or 9736 of the CYP3A5 gene (Accession No:
Gl:10281451), a substitution of at least one nucleotide or at a position
corresponding to positions 145601 and/or 145929 of the CYP3A5
gene (Accession No: Gl:11177452), a substitution of at least one
nucleotide;

a polynucleotide capable of hybridizing to a CYP3A5 gene, wherein
said polynucleotide is having at a position corresponding to position
47518 of the CYP3A5 gene (Accession No: GI:10281451) a C, at a
position corresponding to position 145601 and/or 145929 of the
CYP3A5 gene (Accession No: Gl:11177452) a G or at a position
corresponding to position 9736 of the CYP3A5 gene (Accession No:
Gl:10281451) a G.

The use of claim 25, wherein a nucleotide deletion, addition and/or substitution
comprised by said polynucleotide results in an altered expression of the
variant allele compared to the corresponding wild type alleles.

The use of claim 26, wherein said altered expression is decreased or

increased expression.

The use of claim 25, wherein a nucleotide deletion, addition and/or substitution
comprised by said polynucleotide results in an altered activity of the
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polypeptide encoded by the variant allele compared to the polypeptide
encoded by the corresponding wild type allele.

The use of claim 28, wherein said altered activity is decreased or increased

activity.

The use of any one of claims 25 to 29, wherein said subject is an animal.

The use of any one of claim 30, wherein said subject is a mouse.
The use of any one of claims 25 to 29, wherein said subject is a human.

The use of claim 32, wherein said human is African or Asian.

A method for selecting a suitable therapy for a subject suffering from colorectal
cancer, cervical cancer, gastric cancer, lung cancer, malignant glioma, ovarian
cancer, and panci’eatic cancer, wherein said method comprises:

(a) determining the presence or absence of a variant allele as specified in
| claim 25 in the genome of a subject in a sample obtained from said

subject; and
(b) selecting a suitable therapy for said subject based on the results obtained

in (a).
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