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Project Summary

Title of Project Pharmacogenetic prediction of chemo-sensitivity in lung cancer
Key Words Irinotecan, UGT1A, ABCB1, ABCC2, ABCG2, SLCO1B1
Project Leader Ji-Youn Han

Associated Company

Background: We evaluated multivariate analysis using 15 polymorphisms within seven
genes with putative influence on metabolism and transport of irinotecan to define an
integrated pharmacogenetic model for predicting irinotecan pharmacokinetic (PK) and

severe toxicity.

Methods: A total of 107 Korean NSCLC patients treated with irinotecan and cisplatin
chemotherapy were evaluated for irinotecan-PK and genotyped for the UGT1A1 *6,
UGT1A1*28, UGT1A9*22, ABCB1 1236C>T, 2677G>T/A, 3435C>T, ABCC2 -24C>T,
1249G>A, 3972C>T, ABCG2 34G>A, 421C>A, and SLCO1B1 11187G>A, 388A>G, and
521T>C, and CYP3A5*3 polymorphisms. Multivariate linear and logistic regression
analyses including genotypes and clinicopathologic factors wereperformed to identify final

independent predictive factors for irinotecan-PK and severe toxicities.

Results: Among several irinotecan-PK parameters, only SN-38 AUC was significantly
correlated with nadir neutrophil counts (r=-0.3, p=0.009) and grade 4 neutropenia
(p=0.01). Multivariate analysis identified that UGT1A1*6/%6, UGT1A9*1/*1 or *1/*22, and
SLCO1B1 521TC or CC genotypes, and female gender were predictive for higher
AUCSN-38. Among them, SLCO1B1 521TC or CC and UGT1A1*6/*6 genotypes were
independently predictive for grade 4 neutropenia in multivariate analysis (OR=3.8 and
7.4, respectively). Although no significant association was observed between irinotecan-PK
parameters and grade 3 diarrhea, the UGT1A9*1/*1, ABCC2 3972CC, and ABCG2 34GA
or AA genotypes were independentlypredictive for grade 3 diarrhea in multivariate

analysis (OR=6.3, 5.6, and 5.1, respectively).

Conclusions: Patient selection based on integrated pharmacogenetic model would be
helpful for predicting irinotecan-PK and severe toxicities in NSCLC patients treated with

irinotecan-based chemotherapy.
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<METHODS>

® Patients

From September 2002 to June 2005, a total of 107 chemo-naive patients with advanced
NSCLC who were prospectively enrolled into two different clinical trials of irinotecan plus
cisplatin (IP) chemotherapy, participated in irinotecan-pharmacokinetic (PK) study.14, 15
Patients were required to have: (1) pathologically confirmed stage IIIB with pleural effusion
or stage IV NSCLC (2) Eastern Cooperative Oncology Group performance status 0 to 2; (3)
adequate organ function: (i) hematology: absolute neutrophil count B2.0 x 109/L, platelets N
150 x 109/L, (i1) hepatic: serum bilirubin (bili) 1.0x the upper limit of normal (ULN),
AST/ALT 1.5x ULN, alkaline phosphatase or gamma-glutamyltransferase 2.5x ULN, (iii)
renal: serum creatinine 1.5 mg/dl; (4) no prior chemotherapy. The characteristics of the
107 patients are presented in Table 1. All patients signed written informed consent
approved by the Institutional Review Board of the National Cancer Center Hospital. The
study was performed in accordance with the Declaration of Helsinki and Good Clinical

Practice guidelines.

® Treatment

Patients received irinotecan on days 1 and 8 every 3-weeks as a 90-minute intravenously
infusion at doses of 80 mg/m2 (n=81) or 65 mg/m2(n=26). Patients received prophylactic
antiemetics. For the treatment of irinotecan-induced delayed diarrhea, patients received

loperamide, and antibiotics, if necessary.

® Pharmacokinetic study
For pharmacokinetic analysis, 10 ml of venous blood was taken into sodium heparinized

evacuated tubes on day 1 of cycle 1 before irinotecan infusion, and at 30, 60, 65, 75, 90,



105 min and 2, 3, 5, 7, 25 h after the start of irinotecan infusion. Total plasma
concentrations (i.e., the total of lactone and carboxylate) of irinotecan and its metabolites
SN-38, SN-38G, and APC were determined by reversed-phase high-performance liquid
chromatography with fluorescence detection, using a modification of a procedure described
previously.14 Individual plasma concentrations of irinotecan and metabolites were analyzed
using noncompartmental methods as implemented in the computer software program

WinNonlin version 4.0 (Pharsight, Inc., Mountain View, CA).

® Analysis of polymorphisms

Blood samples for genotyping were taken before chemotherapy. Genomic DNA was extracted
from whole blood using DNA Purification kit (Gentra, MN, USA). The UGT1A1l 211G>A
(*6), UGT1A1*28, UGT1A9 -118(T)9>10 (*22), ABCC2 24C>T, 1249 G>A, and 3972 C>T,
and SLCO1B1 11187G>A, 388A>G, and 521T>C, and CYP3A5 22893G>A (*3)
polymorphisms were investigated using the single base primer extension assay using ABI
Prism SNaPShot Multiplex kit (ABI, Foster City, CA, USA). The ABCB1 1236C>T and
3435C>T, and ABCG2 421C>A, were genotyped by the TagMan assay (Applied Biosystems.,
CA, USA) and the ABCB1 2677G>T/A and ABCG2 34G>A polymorphisms were screened by
direct sequencing (ABI 3730 DNA sequencer, Perkin-Elmer, CA, USA). The assay, primer
sequences, and restriction enzyme for studying polymorphisms performed were described

previously.11-13

® Statistical Analysis

Mann-Whitney U test was used to compare continuous variables. Spearman's rank
correlation was used for relating two continuous variables. The 2 test or Fisher's exact test
was used to compare proportions of patients for clinicopathologic and genotype factors.
Variables with the P wvalues less than 0.1 on univariate analysis were considered for
possible inclusion in a multivariable analysis. Statistical analyses were performed using

SPSS and two-sided p-values <0.05 were considered significant.

<RESULTS>

A total of 107 patients were assessable for PK and pharmacogenetic analysis. Patients'
characteristics and overallfrequencies of the examined polymorphisms are presented in
Table 1. No significant association between polymorphisms and -clinicopathologic factors

such as gender, stage, tumor histology, and smoking status was observed (data not shown).

® Irinotecan pharmacokinetics and toxicity



We evaluated the association of irinotecan-induced severe toxicities and irinotecan-PK
parameters for all 107 patients. The most common severe toxicity was NCI-CTC grade 4
(G4) neutropenia, which occurred in 26 (24%) patients. The neutropenia was defined as the
lowest point during follow-up (nadir), and the nadir absolute neutrophil counts (ANC) were
correlated negatively with AUCSN-38 (r=-0.3, p=0.009, data not shown). Patients with G4
neutropenia were associated with significantly higher AUCSN-38 (p=0.013, Table 2),
whereas, there was no significant relationship between grade 3 diarrhea and any

PK-parameters (data not shown except AUC, Table 2).

® Genotype and SN-38 AUC

Because only SN-38 AUC was significantly associated with grade 4 neutropenia, we
analyzed the association of SN-38 AUC with genotypes as well as patients' clinicopathologic
factors. By genotype, the UGT1A1*6/*6 (p=0.0001), UGT1A9*1/*1 or *1/*22 (p=0.003), and
SLCO1B1521TC or CC (p=0.005) genotypes were significantly associated with higher
AUCSN-38. The ABCB1 2677GG, GT, or GA (p=0.072), and SLCO1B1 11187GA or AA
genotypes (p=0.084) also showed a trend towards higher AUCSN-38. In a multivariate
analysis including covariates listed in Table 2 with P<0.1 as possible predictors of
AUCSN-38, the UGT1A1%*6/*6 (p<0.0001), UGT1A9*1/*1 or *1/%22 (p=0.011), and SLCO1B1
521TC or CC (p=0.017) variants, and female gender (p=0.036) were independently predictive
for higher AUCSN-38 (Table 4).

® Genotype and toxicity

We examined the association of patients' clinicopathologic factors as well as genotypes with
severe toxicities for all 107 patients enrolled (Table 5). Patients with UGT1A1*6/*6
(p=0.009), ABCB1 2677GG, GT, or GA (p=0.025), SLCO1B1-11187 GA or AA (p=0.038), and
SLCO1B1 521TC or CC genotypes (p=0.004) those were associated with higher SN-38 AUC,
were significantly prevalent in G4 neutropenia. Patients with UGT1A9*1/*1 or *1/*22
(p=0.052) and SLCO1B1 388GG genotypes (p=0.072) also showed a trend towards higher
incidence of G4 neutropenia. In a multivariate analysis including all covariates listed in
Table 4 with P<0.1, the SLCO1B1 521TC or CC (Odds ratio (OR)=3.8, p=0.007) and
UGT1A1*6/*6 genotypes (OR=7.4, p=0.028) were independently predictive for G4
neutropenia (Table 6).

Grade 3 (G3) diarrhea was developed in 11 (10%) patients. No apparent relationship was
observed between AUC of irinotecan and its metabolites and G3 diarrhea (Table 2).
Univariate analysis identified the UGT1A9*1/*1 (p=0.048), ABCC2 3972CC genotypes
(p=0.024) were significantly associated with G3 diarrhea (Table 5). The ABCG2 34GA or



AA genotypes also showed a trend toward higher incidence of G3 diarrhea (p=0.054).
Multivariate analysis including these covariates with P<0.1, demonstrated that
UGT1A9*1/%1 (OR=6.3), ABCC2 3972CC (OR=5.6), and ABCG2 34GA or AA genotypes
(OR=5.1) were independent predictive for G3 diarrhea (Table 6).

3. 4723 ug % AE

Irinotecan is characterized by a wide interpatient variability in pharmacokinetics (PK)
and subsequent pharmacologic effects and toxicity.1 It is metabolized by carboxylesterase to
form an active metabolite, SN-38, which is further conjugated and detoxified by uridine
diphosphate glucuronosyltransferase 1A (UGT1A) to yield SN-38 glucuronide (SN-38G).2, 3
Irinotecanis also subject to oxidation by the cytochrome P450 3A (CYP3A) family, which
catalyzes the formation of inactive metabolites such as APC and NPC.4, 5NPC may be
further metabolized into SN-38 by carboxylesterase.6 Beside the hepatic metabolizing
enzymes, drug transporters have been implicated in the disposition of irinotecan and its
metabolites, as well. The ATP-binding cassette (ABC) transporters such as, ABCC2
(cMOAT, MRP2) and a lesser extent, ABCB1 (MDR1) and ABCG2 (BCRP), present on the
bile canalicular membrane, are responsible for facilitating biliary excretion of irinotecan and
its metabolites.7-9 In addition, the organic anion transporting polypeptides (OATPs) are
expressed on the basolateral domain of hepatocytesand facilitate the uptake of drugs before
their eliminationinto bile. Among several isoforms, the OATP1B1 is supposed to be involved
in the hepatic transport of SN-38.10 Previously we conducted exploratory irinotecan
pharmacogenetic analysesusing several polymorphisms in UGT1A1l, UGT1A9, ABCBI1,
ABCC2, ABCG2, and SLCO1B1 genes, and evaluated their significance in NSCLC patients
separately.11-13 However, irinotecan pharmacology is complex and may be dependent on
the interplay of metabolizing enzymes and transporters. Moreover, altered function caused
by singlegene variation can be obscured by the compensatory activity of other enzymes and
transporters. Therefore, metabolizing enzymes, transporters, and other potential regulatory
factors should be viewed and evaluated as an integratedsystem rather than single
component for the accurate prediction of irinotecan-PK and toxicity. To define an integrated
pharmacogenetic model for predicting irinotecan PK and severe toxicities in NSCLC
patients treated with irinotecan plus cisplatin chemotherapy, we conducted this multivariate
analysis using 15 polymorphisms within seven genes with putative influence on metabolism

and transport of irinotecan and its metabolites as well as patients' clinicopathologic factors.

In the present study, we have attempted a more comprehensive pathway evaluation to



identify genetic variants and patterns that may help predict irinotecan-related severe
toxicities, thus wultimately leading to a more tailored approach to irinotecan-based
chemotherapy. Moreover, we included other potential clinicopathologic factors in this model
to provide further extended data that might help understanding inter-patient variability of
irinotecan-PK and subsequent occurrence of severe toxicity.

The relationship between PK parameters and irinotecan-related severe neutropenia and
diarrhea has been studied extensively, however, the findings are highly variable, and the
final conclusion cannot be drawn yet.16 In the current study, the nadir ANC is negatively
correlated with AUCSN-38 (r=-0.3, p=0.009) and patients experienced grade 4 neutropenia
were related with significantly higher SN-38 AUC (p=0.01, Table 2). In a multivariate
analysis, we found that the UGT1A1*6/*6 and SLCO1B1 521TC or CC genotypes those
were significantly associated with higher SN-38 AUC, were independently predictive for
grade 4 neutropenia. These findings are in concordance with our previous reports from
irinotecan pharmacogenetic studies.11, 13 Regarding UGT1A1*28, the frequency is relatively
low in Asians. Indeed, there was no homozygous UGT1A1*28, thus, we could not
completely rule out the functional importance of UGT1A1*28 in the current study.

The occurrence of severe diarrheahas significantly complicating results and can be life
threatening.1, 17 Although the pathogenesis of irinotecan-induced delayed diarrhea is
controversial, it has been supposed that diarrhea is a function of the intraluminal exposure
to SN-38 due to excessive biliary excretion of SN-38.18 Some reports suggest thatbiliary
index (BI) of SN-38, which is a surrogate measure of SN-38 biliary excretion was calculated
as (AUC SN-38/AUC SN-38G) x AUC CPT-11, to be directly related to irinotecan-induced
severe diarrhea,18, 19but this could not confirmed in other studies.20-22 While no
significantchange in BI in relation with severe diarrhea was observed in the current study
(data not shown), patients with UGT1A9*1/*1 was significantly associated with higher BI
than those carrying UGT1A9%22 allele (median BI, 786.2 versus 405.7 ng*h/ml/mg, p=0.005,
data not shown), which may contribute to develop severe diarrhea in patients carrying
UGT1A9*1/*%1. In addition, UGT1A9 1s expressed in a number of extrahepatic tissues
including lower gastrointestinal tract such as jejunum, ileum, colon, and rectum as well as
in the liver.23 Because SN-38 glucuronidation in the gastrointestinal tract is also important
for the development of severe diarrhea, the UGT1A9*1/*1 genotype, which is significantly
associated with decreased glucuronidation activity, can cause increased intraluminal
exposure of SN-38, and subsequent development of severe diarrhea.24, 25

ABCC2 is expressed in the apical membrane of hepatocyte and appears to be the
principal transporter involved in hepatobiliary excretion of irinotecan and its metabolites.

Alteration of this transporter system causes Dubin-Johnson syndrome characterized by



conjugated hyperbilirubinemia and multiple functional polymorphisms have been
described.26 We found that ABCC2 3972C>T variant was associated with grade 3 diarrhea.
The homozygous for wild type (CC) was significantly predictive for grade 3 diarrhea than
CT or TT genotypes (OR=5.6, p=0.041). Innocenti et al. reported that ABCC23972TT
genotype was associated with higher AUC of irinotecan (p=0.02), APC and SN-38G (both
p<0.0001) compared with CC or CT genotypes, suggesting that ABCC23972C>T variant is
associated with reduced hepatobiliary excretion of irinotecan and its metabolites.27 While
no significant change in irinotecan-PK was observed in relation with ABCC2 polymorphisms
in the current study, the relatively higher biliary excretion activity in patients with
homozygous wild type may be associated with higher frequency of grade 3 diarrhea.

We also found that ABCG2 34G>A variant is associated with grade 3 diarrhea. ABCG2
is endogenously expressed at high levels in human placenta, the small intestine and colon,
and the bile canalicular membrane.26 This localization suggests that the physiologic role of
ABCG2 may be to regulate intestinal absorption and biliary secretion of irinotecan and its
metabolites by active transport mechanisms.28 Recently, Cusatis et al. investigated the
association between ABCG2 variants and diarrhea in gefitinib-treated patients. Patients
with at least one copy of ABCG2 421C>A had a much higher rate of diarrhea than those
lacking it.29 In the current study, no significant association between ABCG2421C>A and
diarrhea was observed. Instead, patients carrying at least one ABCG2 34A allele developed
more grade 3 diarrhea than homozygous for wild type. In a multivariate analysis, this
variant was independently predictive for grade 3 diarrhea (OR=5.1, p=0.038). Evidence for
reduced drug efflux activity of ABCG2 34G>A variant comes from an in vitro study using
polarized LLC-PKI cells. This polymorphism impaired the specific apical membrane
localization of this transporter, leading to decreased drug efflux activity.30 This finding
suggests that ABCG2 34G>A variants may be less efficient at pushing irinotecan and/or its
metabolites out of cells in the intestine and associated with the higher occurrence of
diarrhea.

In summary, integrated pathway analysis including metabolizing enzymes and
transporters may provide a more reliable pharmacogenetic model for predicting PK and
severe toxicities in patients treated with irinotecan. However, caner is a complex disorder
caused by multiple genetic factors, therefore, the understating of the precise role of all
participating factors is still limited. More sophisticated approaches such as genome-wide
linkage analysis and integrate drug pathway profiling may be needed to develop an

improved genetic-based therapeutic strategy for NSCLC patients treated with irinotecan.

_10_



4. A7 o
1) 4748

ERx2HE

7L =W R oA A = A 2 A

A 2} =
A =R Ju(LF, B |3
= (A A7) AdH(LF.) |Vol(No)Page| T {ﬁ
o
Thymidine phosphorylase expression in
tumour cells and tumour response to J Clin Pathol =9 -
A1 A = -650-
capecitabine plus docetaxel chemotherapy A (2.619) 58(6):650-4 SCI °
in non-small cell lung cancer.
Hypoxia-inducible factor 1 alpha and
antiangiogenic activity of ALA A J Natl Cancer |97(17):1272| =9 3
farnesyltransferase inhibitor SCH66336 Inst (13.856) -86 SCI
in human aerodigestive tract cancer.
9-cis-retinoic amfi treatment 1ncreases Clin Cancer Res|11(6):2305-| 9] B
serum concentrations of alpha-tocopherol| #|14 %} 3}
) (5.623) 1 SCI
in former smokers.
.Effecfcs .of 9-cis-retinoic ac.ld. on the e J Clin Oncol |23(19):4439| ¢ }
insulin-like growth factor axis in former| & #A At s}
(9.835) -4 SCI
smoker
Comprehensive  analysis of UGTI1A
polymorphisms predictive for . .
pharmacokinetics and treatment outcome| #|14 %} J Clin Oncol | 24(15):2287 | = <] &
. . (13.598) -2244 SCI
in non-small cell lung cancer patients
treated with irinotecan and cisplatin
Randomized Phase IIStudy of Two
Opposwe Admln.lstrat.lon. Seql'lences 'of 106(4):873 | 9]
Irinotecan and Cisplatin in Patients with| #1A 2} | Cancer (4.582) 830 301 AF
Advanced Non-small Cell Lung )
Carcinoma
The prognostic significance of
pretreatment plasma levels of
insulin-like  growth  factor  (IGF)-1,|] A1AA Lung Cancer | 54(2):227- | =9 L
IGF-2, and IGF binding protein-3 in| RLAIA A} (3.554) 234 SCI °
patients with advanced non-small cell
lung cancer.
Associations of ABCB1, ABCC2, and
ABCGZ polymlorp}.nsms .Wllth A1 A A} 110(1):138 | 9] N
irinotecan-pharmacokinetics and clinical] 5,47 Cancer (4.582) 4T 0] e
outcome in patients with advanced
non-small cell lung cancer

_11_




= Bk

(A7)

AEH(@F) |Vol(No)Page

-
ME

B
#a

Influence of  the organic anion
transporting polypeptide 1B1 (OATP1B1)
polymorphisms on| A1A=
irinotecan-pharmacokinetics and clinical| ulA1 Az}
outcome of patients with advanced
non-small cell lung cancer

Lung Cancer 2007 (in
(3.554) press)

SCI

Integrated pharmacogenetic prediction of
irinotecan pharmacokinetics and toxicity| |14 %}
in patients with advanced non-small cell| A1z}
lung cancer

Lung Cancer

14
(3.554) AlA A

= 9]
SCI

WS 2 A sketd] =7 2R

=)
=

oR

A2 Bk A9

Randomized phase II study comparing the
sequence of irinotecan and cisplatin
administration in chemo-naive patients with
advanced non-small cell lung cancer

A1 A 2 ASCO eEs

Comprehensive analysis of UGT1A polymorphisms
predictive for pharmacokinetics and treatment
outcome in non-small cell lung cancer patients
treated with irinotecan and cisplatin

A1 A A

Thymidine Phosphorylase Expression in Tumor
Cells and Tumor Response to Capecitabine plus
Docetaxel Chemotherapy in Non-Small Cell Lung
Cancer

A1 A 2} AACR m] =

ofy

Phase II study of irinotecan/cisplatin induction
followed by concurrent twice-daily thoracic
irradiation with etoposide/cisplatin chemotherapy
for limited disease small cell lung cancer

A1 A 2 SR A&

ol\

The prognostic significance of pretreatment
plasma levels of insulin-like growth factor
(IGF)-1, IGF-2, and IGF binding protein-3 in
patients with advanced non-small cell lung
cancer.

A1 A A AACR eEs

Comprehensive analysis of UGT1A polymorphisms
predictive for pharmacokinetics and treatment
outcome in non-small cell lung cancer patients
treated with irinotecan and cisplatin

A1 A 2 ASCO e

Associations of ABCB1, ABCC2, and ABCG2
polymorphisms with irinotecan-pharmacokinetics
and clinical outcome in patients with advanced
non-small cell lung cancer

A1 A A AACR v =

_12_




i)

ey A4

ok

Fed 3w A9

s
v

Pharmacogenetic prediction for tumor response,
toxicity, and survival of NSCLC patients treated| x)j# =z} ASCO = A}
with irinotecan and cisplatin chemotherapy

Pharmacogenetic prediction of irinotecan

h kineti d h d : : World Conference| .
pharmacokinetics  an pharmacodynamics  in| 1 4%} g A}
patients with advanced non-small cell lung cancer of Lung Cancer

Integrated pharmacogenetic prediction of irinotecan
pharmacokinetics and pharmacodynamics in Asian Lung

. . D 1
patients with advanced non-small cell lung cancer ALAA Cancer Forum HE| %
ok AFg AL

T8 5383 =44 =4+ i

5=
¥ L WSS, AL o E 5
2t A A

S S1 SL/uk s o Chapter A&, &<
2Rk AR | e, wA) | He | Chater % 5T

Lung Cancer, 3rd edition 2, nl= MA 2008 bronchioloalveolar

ot 3, in carcinoma
NERES press
uh A FERAA 7)o
H LA v R R 7] oy &

8l

uh Z1ERd A

o] o
VAT .

_13_

ox,




AW E

43 (%)

Az | A%

= ok e
Sol A o
Bl wE H4
o] mEglolg

& A
2 H8o] 7}

kit 70

olf o

¥ 3 2}ol A Irinotecan
tjALell o st= ZHE
A 984

_{

N
mu
£ 10

=

o

b
za7 A

- Irinotecan tA}o] T3}

=
T
Fo Rk RAA 984 ¥

95 | 30

transport®l |-

oy 2

[e)

o

irinotecan-based chemotherapy
AR B, GRS 2
AFE 3T & 9E
ABCB1, ABCC2, SLCO1B1
A4 By 29e 84
Ay TAGRA] T2
A= IGF-1, IGF-2 IGFBP-3
g4 WeE 243

95 | 65

o

—

Irinotecan WA} 2

o o 2
M
WE rot 2 1 oo X oft ot

a9
—

=

b

p53 pathwa

ot do

o
A
< .
- p53 codon 72 polymorphism
&
5

- irinotecan WA} 2 o]gol

o
de 2% fdAd dede
pagons B4 sjad

o

-
=
=.
=
o
o+
@
o
Q
=

o
o,
off
£t
lo
.
=

MDM2 SNP309 &4 % 4
SEEREREEES

95 | 95

w

v
)
2
i)
P
o2
rok

o

oft
ol
ol
o

1 9

R
H
o
__}L{
ftlo

td

tot

et

K
R
ofo
>

N
o
fo

-

o

ST
( ‘1‘1.1"
ot
(e,
12
i

lo
N

-

i

1, of

_|_4
At

ot
X :‘0 ot
)
2

02, N
o
o
oo

o,

e 0o rlo He 1%

oo

o

o
=
_12i

julsd

ox
w8

4

N

N

&

i)
{o, MY
o
0
ox
i)
iy
tlo
Ho

>
>
oo




ATAH}Y] &EAY

(1) 9d7F5 29F g d+A4

7 A = H] i
ste x| =5 AA 3 Cancer (4582) X 3 = 13.746
A 55 A=
7] E} A=

(2) @747 &8A%

st o, wde] gy HE

- HFAHORE 107H e JdATE AEE ol &3] integrated pharamcogenetic modelS &3
< 93} o 2o o A7) FHosts daAdFel A
Q3
st <A 3}

e 5T # wd9 #3o] WRY. oo nu} e

T elgg e, Hekel A A}%é}% o

938l Whole genome-wide analysis 7} 2 83

- FYA) W} B4 45T £ 9

9] genetic variations &5 43

- Pharamcogenetic strategy® &%

6. 1z

1) Van Cutsem E, Douillard JY,
colorectal cancer. N Engl J Med

Kohne CH. Toxicity of irinotecan in patients with
2001; 345:1351-1352.

2) Slatter JG, Su P, Sams JP, et al.Bioactivation of the anticancer agent CPT-11 to

SN-38 by human hepatic micros

omal carboxylesterases and the in vitro assessment of

potential drug interactions. Drug Metab Dispos 1997; 25:1157-1164.
3) Iyer L, King CD, Whitington PF, et al.Genetic predisposition to the metabolism of

irinotecan (CPT-11): Role of uridine diphosphate glucuronosyltransferase isoform 1A1

in the glucuronidation of its active metabolite (SN-38) in human liver microsomes. J

Clin Invest 1998; 101:847-854.
4) Haaz MC, Rivory L, Riche C,

et al.Metabolism of irinotecan (CPT-11) by human

hepatic microsomes: Participation of cytochrome P-450 3A and drug interactions.

Cancer Res 1998; 58:468-472.

5) Santos A, Zanetta S, Cresteil T,

et al. Metabolism of irinotecan (CPT-11) by CYP3A4

and CYP3A5 in humans. Clin Cancer Res 2000; 6:2012-2020.

_15_



6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

de Jong FA, de Jonge MJ, Verweij J, Mathijssen RH. Role of pharmacogenetics in
irinotecan therapy. Cancer Lett 2006; 234:90-106.

Innocenti F, Undevia SD, Chen PX, et al.Pharmacogenetic analysis of interindividual
irinotecan pharmacokinetic variability: Evidence for functional variant of ABCCZ2. Proc
Am Soc Clin Oncol 2004; 22: 2010.

Iyer L, Ramirez J, Shepard DR, et al.Biliary transport of irinotecan and metabolites
in normal and P-glycoprotein-deficient mice, Cancer Chemother Pharmacol 2002; 49:
336341.

Schellens JH, Maliepaard M, Scheper RdJ, et al.Transport of topoisomerase I inhibitors
by the breast cancer resistance protein. Potential clinical implications. Ann NY Acad
Sci 2000; 922:188-194.

Nozawa T, Minami H, Sugiura S, Tsuji A, Tamai I.Role of organic anion transporter
OATP1B1 (OATP-C) in hepatic uptake of irinotecan and its active metabolite,
7-ethyl-10-hydroxycamptothecin: in vitro evidence and effect of single nucleotide
polymorphisms. Drug Metab Dispos 2005; 33:434-439.

Han JY, Lim HS, Shin ES, et al. Comprehensive analysis of UGT1A polymorphisms
predictive for pharmacokinetics and treatment outcome in patients with
non-small-cell lung cancer treated with irinotecan and cisplatin. J Clin Oncol 2006;
24:2237-2244.

Han JY, Lim HS, Yoo YK, et al. Associations of ABCB1, ABCC2, and
ABCG2polymorphisms with irinotecan-pharmacokinetics and clinical outcome in
patients with advanced non-small cell lung cancer. Cancer 2007; 110: 138-147.

Han JY, Lim HS, Lee SY, Kim HT, Lee JS. Influence of the organic anion
transporting polypeptide 1B1 (OATP1B1) polymorphisms on
irinotecan-pharmacokinetics and clinical outcome of patients with advanced non-small
cell lung cancer. Lung Cancer, 2007 (in press).

Han JY, Lim HS, Lee DH, et al. Randomized Phase II study of two opposite
administration sequences of irinotecan and cisplatin in patients with advanced
non-small cell lung carcinoma. Cancer 2006; 106: 873-880.

Lee JS, Lee DH, Han JY, et al. Randomized phase II cross-over sequential
chemotherapy trial of irinotecan/cisplatin vs. gemcitabine/vinorelbine in chemo-naive
patients with stage IIIb/IV non-small cell lung cancer. Proc Am Soc Clin Oncol 2006:
24: 7134.

Mathijssen RH, van Alphen RJ, Verweij J, et al. Clinical pharmacokinetics and
metabolism of irinotecan (CPT-11). Clin Cancer Res 2001 7:2182-2194

Vanhoefer U, Harstrick A, Achterrath W, Cao S, Seeber S, Rustum YM. Irinotecan
in the treatment of colorectal cancer: clinical overview. J Clin Oncol 2001;
19:1501-1518.

Gupta E, Lestingti TM, Mick R, et al. Metabolic fate of irinotecan in humans:
correlation of glucuronidation with diarrhea. Cancer Res 1994; 54: 3723-3725.

Gupta E, Mick R, Ramirez J, et al. Pharmacokinetic and pharmacodynamic

_16_



20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

evaluation of the topoisomerase I inhibitor irinotecan in cancer patients. J Clin
Oncol 1997; 15: 1502-1510.

Canal P, Gay C, Dezeuze A, et al. Pharmacokinetics and pharmacodynamics of
irinotecan during a Phase II clinical trial in colorectal cancer. J Clin Oncol 1996; 14:
2688-2695.

de Jonge MJA, Sparreboom A, Planting AST, et al. Phase I study of 3-week
schedule of irinotecan combined with cisplatin in patients with advanced solid
tumors. J Clin Oncol 2000; 18: 187-194, 2000.

de Jonge MJA, Verweij J, de Bruijn P, et al. Pharmacokinetic, metabolic, and
pharmacodynamic profiles in a dose-escalating study of irinotecan and cisplatin. J
Clin Oncol 2000; 18: 195-203.

Strassburg CP, Nguyen N, Manns MP, et al. UDP-glucuronosyltransferase activity in
human liver and colon. Gastroenterology 1999; 116:149160.

Horikawa M, Kato Y, Tyson CA, et al. The potential for an interaction between
MRP2 (ABCC2) and various therapeutic agents: probenecid as a candidate inhibitor
of the biliary excretion of irinotecan metabolites. Drug Metab Pharmacokinet 2002;
17:23-33.

Ratain MdJ. Insights into the pharmacokinetics and pharmacodynamics of irinotecan.
Clin Cancer Res 2000; 6:3393-3394.

Lockhart AC, Tirona RG, Kim RB. Pharmacogenetics of ATP-binding cassette
transporters in cancer and chemotherapy. Mol Cancer Ther 2003;2:685-698.

Innocenti F, Undevia SD, Chen PX, et al. Pharmacogenetic analysis of
interindividual irinotecan pharmacokinetic variability: Evidence for functional variant
of ABCC2. Proc Am Soc Clin Oncol 2004; 22: 2010.

Lepper ER, Nooter K, Verweij J, et al. Mechanisms of resistance to anticancer
drugs: the vrole of the polymorphic ABC transporters ABCB1 and ABCG2.
Pharmacogenomics 2005;6:115138.

Cusatis G, Gregorc V, Li J, et al. Pharmacogenetics of ABCG2 and adverse reactions
to gefitinib. J Natl Cancer Inst 2006; 98:1739-1742.

Mizuarai S, Aozasa N, Kotani H. Single nucleotide polymorphisms result in impaired
membrane localization and reduced atpase activity in multidrug transporter ABCG2.
Int J Cancer 2004 109:238-246.

_17_



ARNF
He e
1 Thymidine phosphorylase expression in tumour cells and tumour response to
capecitabine plus docetaxel chemotherapy in non-small cell lung cancer.
9 Hypoxia-inducible factor 1 alpha and antiangiogenic activity of farnesyltransferase
inhibitor SCH66336 in human aerodigestive tract cancer.
3 9-cis-retinoic acid treatment increases serum concentrations of alpha-tocopherol in
former smokers.
4 |Effects of 9-cis-retinoic acid on the insulin-like growth factor axis in former smoker
Comprehensive analysis of UGT1A polymorphisms predictive for pharmacokinetics
5 |and treatment outcome in non-small cell lung cancer patients treated with irinotecan
and cisplatin
6 Randomized Phase Il Study of Two Opposite Administration Sequences of Irinotecan
and Cisplatin in Patients with Advanced Non-small Cell Lung Carcinoma
The prognostic significance of pretreatment plasma levels of insulin-like growth factor
7 |(IGF)-1, IGF-2, and IGF binding protein-3 in patients with advanced non-small cell
lung cancer.
Associations of ABCBI1, ABCC2, and ABCG2 polymorphisms with
8 lirinotecan-pharmacokinetics and clinical outcome in patients with advanced non-small cell
lung cancer
Influence of the organic anion transporting polypeptide 1B1 (OATP1B1)
9 |polymorphisms on irinotecan-pharmacokinetics and clinical outcome of patients with

advanced non-small cell lung cancer

_18_




