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Table 4 Plasma pharmacokinetic parameters (mean = SD) of figitumumab given in combination with carboplatin and paclitaxel

Figitumumab dose level (mg/kg)  Cycle 1 Cycle 4 Accumulation ratio
n Cra AUC(0-day22) ty () 7 Com AUCqy
(mg/L) (mgh/L) (mg/L) (mg-h/L)
6 6 113+£16  22,400+4,050 264* 4 178+35 39,000, 66,000° 1.7, 2.6°
10 6 197433  36,700+10,400  301° 29461 96,100, 96,800° 22,220
20 6  485+59  82,700+£11,200  248° 5  550%£89 116,000, 190,000° 1.6, 2.1°

AUC (g gay22 area under the plasma concentration-time curve from time zero to day 22, AUC,,,, AUC from time zero to tau (the actual time of the
pre-dose sample for the next cycle), C,,,, maximum observed plasma concentration after the end of figitumumab infusion, SD standard deviation,

t1,» apparent disposition half-life

2n=4 at 6 mg/kg, n=1 at 10 mg/kg, and n=4 at 20 mg/kg (sampling was not sufficient to capture terminal disposition phase in other patients)

b p=2

No cases of grade 3 or 4 hyperglycemia (treatment-
related or all-causality) were reported in the present study
(grade 2 hyperglycemia was reported in one patient).
Hyperglycemia has been reported in other studies of
figitumumab and in studies of other IGF-1R-targeted mAbs
[8-11, 13, 15-17]. Hyperglycemia may be a characteristic
of the anti-IGF-1R class of compounds; however, its
mechanism is unknown.

Incidences of grade 3 and 4 treatment-related neutropenia
and thrombocytopenia in the figitumumab arm of the larger
Western phase II randomized study of figitumumab in
combination with paclitaxel and carboplatin in chemotherapy-
naive NSCLC were 28% and 7%, respectively, compared with
84% and 21% in the current trial [13]. Similar ethnic
differences in the incidence of neutropenia have also been
observed in a Japanese-US common-arm analysis of carbo-
platin plus paclitaxel in advanced NSCLC, and were
suggested to be related to differences in allelic distribution
of genes associated with DNA repair and paclitaxel disposi-
tion [18]. However, such an ethnic difference was not
observed for thrombocytopenia [18]. Further studies would
be required to determine whether there are pharmacogenetic
or other reasons for ethnic differences in the incidence of
thrombocytopenia in patients treated with figitumumab.

In line with previous phase I studies [8-11], figitumumab
plasma exposure increased in an approximately dose-
proportional manner and concentrations declined in a
multi-exponential manner when figitumumab 6-20 mg/kg
was given in combination with carboplatin and paclitaxel in
the present study. The approximate 2-fold accumulation
following repeated administration supported the 21-day
regimen as appropriate for figitumumab administration in
Japanese patients; similar accumulation was reported in
Western studies [8—11]. No relationship between ethnicity
and pharmacokinetics was expected, since figitumumab (as a
mADb) extravasates mainly by convection and is eliminated
by catabolism and/or target-mediated clearance.

High serum total IGF-1 and low IGFBP3 levels have
been associated with higher incidence of NSCLC [19].
Hepatic IGF-1 production is stimulated by hGH, and hGH
production is regulated by IGF-1 through negative feedback
[20]. A previous phase I study demonstrated that single-
agent figitumumab (20 mg/kg) altered the endocrine
feedback mechanisms regulating hGH [8]. In the present
study, both hGH and serum total IGF-1 concentrations
appeared to increase following dosing with study medica-
tion, and this suggests blockade of IGF-1R with loss of
IGF-1 regulatory feedback at the pituitary. In a phase I
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Fig. 2 Circulating biomarker concentrations during study treatment: concentration—time profile of serum IGFBP3 (panel a), serum total IGF-1
(panel b), and serum hGH (panel ¢). Data shown are mean =+ standard deviation (panel a and panel b) and mean + standard deviation (panel ¢)
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study in myeloma patients and in the Western phase II trial
in NSCLC patients described above, dose-dependent
sustained elevations of serum IGF-1 and IGFBP3 concen-
trations were observed following administration of figitu-
mumab [10, 21], indicating dose-dependent blockade of
IGF-1R by figitumumab. However, a similar dose-
dependent relationship between figitumumab and circulat-
ing IGF-1 and IGFBP3 concentrations was not clearly
demonstrated in the current phase I study. Large inter-
individual variability in serum total IGF-1 and IGFBP3
concentrations is known to occur naturally, and the differ-
ences between the studies may reflect the small number of
patients included in each dose cohort level in the current
study. Alternatively, the lack of a dose-dependent elevation
of IGF-1 noted in this study may be related to the Japanese
patients in this study having lower body mass index (BMI)
compared with patients in other figitumumab studies. This
possibility is supported by a report which suggests a
relationship between BMI and IGF-1 levels [22].

Closure of the phase III studies of figitumumab in
NSCLC (ADVIGO [ADVancing IGF-IR in Oncology] 1016
and 1018) due to potential futility of the combination

Best response

regimens (figitumumab with paclitaxel plus carboplatin,
and with erlotinib, respectively) has underscored the need
to identify patients most likely to benefit from anti-IGF-1R
therapy [23]. Studies have indicated that baseline levels of
circulating free IGF-1 may be a positive biomarker for
clinical response to figitumumab [13, 21, 23]. In the present
study, serum total IGFBP3 and IGF-1 concentration—time
profiles were stratified by best response as part of an
exploratory analysis of the relationship between biomarker
levels and antitumor activity. No clear differences were
observed in the IGFBP3 concentration—time profiles
according to clinical response, or when baseline IGFBP3
concentration was stratified by best response. However, the
serum total IGF-1 concentration—time profile in patients
with PR as their best response was higher than the profiles
in both SD and PD patients. Additionally, baseline serum
total IGF-1 concentration appeared higher in patients with
PR compared with patients having SD/PD as their best
response. Although the relationship between outcome and
biomarkers was not examined statistically due to the
exploratory nature of these investigations and the small
number of patients, these observations suggest that serum

@ Springer

- 381 —



Invest New Drugs

total IGF-1 concentrations prior to the start of treatment
may also be a positive biomarker for response.

In summary, figitumumab 20 mg/kg in combination with
carboplatin and paclitaxel was well tolerated in chemotherapy-
naive Japanese patients with advanced NSCLC. Serum total
IGF-1 is a potential biomarker for clinical response to
figitumumab and requires further investigation.
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Genetic Variations of Orosomucoid Genes Associated
with Serum Alpha-1-Acid Glycoprotein Level and the
Pharmacokinetics of Paclitaxel in Japanese Cancer Patients
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ABSTRACT: Alpha-1-acid glycoprotein (AGP) encoded by orosomucoid genes (ORMI and
ORM?2) is an acute-phase response protein and functions as a drug-binding protein that affects
pharmacokinetics (PK)/pharmacodynamics of binding drugs. To explore the effects of genetic
variations of ORMs and a role of AGP on paclitaxel (PTX) therapy, we analyzed the duplication
and genetic variations/haplotypes of ORMs in 165 Japanese cancer patients and then investi-
gated their associations with serum AGP levels and the PK parameters of PTX. No effects of
ORM duplications on serum AGP levels at baseline or PK of PTX were observed, but close asso-
ciations of ORM1 —559T > A with the increases of AGP levels and area under the curve (AUC)
of PTX metabolites were detected. In addition, a significant correlation between the serum AGP
level and the AUCs of PTX metabolites was observed, suggesting that AGP may function as a
carrier of PTX from the blood into the liver via putative receptors. This study provided useful
information on the possible clinical importance of ORM genetic polymorphisms and a novel role
of AGP in PTX therapy. © 2011 Wiley-Liss, Inc. and the American Pharmacists Association J
Pharm Sci 100:4546-4559, 2011

Keywords: alpha-1-acid glycoprotein; ORMI; ORMZ2; paclitaxel; pharmacogenomics; phar-
macokinetics; glycoproteins/glycoprotein receptors; hepatic metabolism; cancer chemotherapy

INTRODUCTION

Human alpha-1-acid glycoprotein (AGP) is an ap-
proximately 44-kDa plasma protein consisting of 183
amino acids with high-carbohydrate content (45%).

Correspondence to: Noriko Katori (Fax: +81-3-3707-6950;
E-mail: katori@nihs.go.jp)

Noriko Katori and Kimie Sai contributed equally to this work.

Jun-Ichi Sawada’s present address is Pharmaceuticals and
Medical Devices Agency, Tokyo 100-0013, Japan.

Hideo Kunitoh’s present address is Department of Clinical
Oncology, St. Marianna University School of Medicine, Kawasaki
City, Kanagawa 216-8511, Japan.

Nagahiro Saijo’s present address is School of Medicine, Kinki
University, Osakasayama City, Osaka 589-8511, Japan.

Journal of Pharmaceutical Sciences, Vol. 100, 4546-4559 (2011)
© 2011 Wiley-Liss, Inc. and the American Pharmacists Association

AGP is an acute-phase protein, and its plasma
levels are increased by inflammation, stress, and
several types of cancers.! On the contrary, AGP func-
tions as a binding protein for many basic and hy-
drophobic drugs such as paclitaxel (PTX).? There-
fore, there is a possibility that the pharmacokinetics
(PK)/pharmacodynamics (PD) of such drugs are influ-
enced by plasma levels of AGP.3# There are large in-
terindividual and intraindividual variations in AGP
levels compared with other plasma proteins such as
albumin. Inflammatory cytokines and some types of
drugs, such as phenobarbital, rifampicin, and clar-
ithromycin, are known to be AGP inducers.’ However,
details of its expression and induction mechanisms
remain unclear.

4546 JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 100, NO. 10, OCTOBER 2011

- 385 -



ORM GENOTYPES ASSOCIATED WITH AGP LEVEL AND PACLITAXEL PK 4547

Human AGP is encoded by two genes, ORMI and
ORM2, located in tandem on chromosome 9 and sepa-
rated by approximately 3.3 kb. Both ORM genes con-
sist of six exons, and their coding sequences have 94%
homology.1:2-6:7 AGP is highly polymorphic, and more
than 70 AGP variations in the serum have been iden-
tified by isoelectric focusing methods.® ORM genetic
variations, mainly focusing on the exon regions, have
been investigated in several ethnic populations, and
ethnic differences were recognized.®*® Duplications
or null variations of ORM genes have been also de-
tected in several populations, and the frequency of
ORM1 duplication in Japanese subjects was reported
to be approximately 20%, although null variations of
ORM genes were very rare.® 1415 Although knowledge
of the gene structures of ORMs has been accumulat-
ing in some ethnic populations,'%11:14 detailed infor-
mation is still limited regarding ORM genetic varia-
tions and the haplotypes covering ORM1 and ORM2.
In addition, the clinical relevance of ORM genotypes
to AGP expression or the PK/PD of drugs binding to
AGP remains to be elucidated.

In the current study, to screen ORM genetic vari-
ations in Japanese subjects and their functional sig-
nificance, we first analyzed the copy number and ge-
netic variations/haplotypes of ORMs including all six
of their exons and the 5-flanking regions. Next, we
examined the associations of ORM genotypes with
serum AGP levels and the PK parameters of PTX and
consider a clinical role of AGP in PTX therapy.

MATERIALS AND METHODS
Patients

We previously obtained DNA samples and PK and
clinical data from Japanese cancer patients who re-
ceived PTX therapy at the National Cancer Center,
Tokyo, Japan.'6-17 In this study, an association study
was performed using data from 165 patients with non-
small cell lung cancer who received PTX at doses
of 175-210 mg/m? (high-dose group in the previous
study). Population characteristics of the patients are
shown in Table 1. Eligibility criteria for PTX therapy
and PTX regimens were as previously described.'®
This study was approved by the ethics committees of
the National Institute of Health Sciences and the Na-
tional Cancer Center, and written informed consent
was obtained from all the participants.

Analysis of ORM Gene Variations

For determination of ORM1 and ORM?2 gene dupli-
cations, long-range polymerase chain reaction (PCR)
was performed using four primers that amplify the
intergenic regions from exon 4 (upstream) to exon
1 (downstream) of ORMs (6.5 kb) according to the
method by Nakamura et al.}* Duplications of ORM1

DOI 10.1002/jps

- 386 —

Table 1. Population Characteristics of 165 Japanese
Paclitaxel-Administered Patients

Backgrounds and Dosing Mean =+ SD (range)

Number of subjects 165

Sex (male/female) 115/50

PS (0/1/2) 47/115/3

Stage (II/IIVIV / postsurgical recurrence) 3/54/60/30
Drinking (yes/no) 62/103
Smoking (yes/no) 15/150

Age (years) 61.2 4+ 10.2 (33-80)
Body weight (kg) 59.3+ 11.7 (38.3-137.0)
BSA (m2) 1.63+ 0.18 (1.31-2.55)

Paclitaxel dose (mg/m?)
Infusion time (h)

199.3 + 4.2 (175-210)
3.15+0.18 (2.75-3.92)

BSA, body surface area.

(1) Deletion
ORM1-ZF1 ORMI1-ZR1 ORM2-ZFt ORMZ-ZR2
e s —
ORMT |
pr—— g
ORMIEXIEY omt-pxaame ORM B P o r exe 30t

{2) Single or duplication

o
AGP1-E4K

—{orm1 -——{ orRM1 |
e

i
AGPL-E4K

AGPLLAR

AGP1-L4AR

s
AGP1-E4K AGPZLAR

-t R

AGP1-ESK AGPZ-L4R
- b
AGP2-E4K AGPZLAR

Figure 1. The PCR primer sets for the determination of
deletion/duplication of ORM genes. Primer sequences are
shown in Table 2.

and ORMZ2 were discriminated by the PCR prod-
ucts amplified by the primer sets AGP1-E4K/AGP1-
L4R and AGP2-E4K/AGP2-L4R, respectively, and the
single tandem type of ORM genes (ORMI1-ORM?2)
was amplified by only the primer set AGP1-E4K and
AGP2-L4R (Fig. 1; Table 2).

Homozygous deletions of ORM genes were assessed
by the absence of PCR products amplified from the
promoter region (from —1 kb upstream of transla-
tion initiation site) to exon 6 by using primer sets
ORM1-ZF1/ORM1-ZR1 for ORMI1 and ORM2-ZF1/
ORM2-ZR2 for ORM2 [Table 2 (B) and (C), first PCR].
These homozygous deletions were confirmed by the
PCR products amplified from exon 1 to exon 3 using
primer sets ORM1Ex1F1/ORM1Ex2.3R2 for ORM1
and ORM2Ex1F1/ORM2Ex2.3R1 for ORM2 [Table 2
(B) and (C), second PCRI.
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Table 2. A List of Primers Used in This Study
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Region Primer Name Primer Sequence Reference

(A) Duplication check for ORMs AGP1-E4K 5-GACCTACATGCTTGCTTTTG-8
AGP2-E4K 5-GACCTTGATGTTTGGTTCCT-3 14
AGP1-L4R 5-GGATCAGCAAGTGAGCGAA-3
AGP2-L4R 5/-GGAACAGCAGGTGAGCAAC-3’

(B) ORM1 (deletion check and sequencing) This study

Frist PCR

—1.2 kb ~ exon 6 ORM1-ZF1 5'-CAAGCAATCTTCCAGCCTCAGAGTC-3’
ORM1-ZR1 5-GCACATACGGAATAGATGGAACAAC-3

Second PCR

—1.2kb ~exon 1 ORM1-1kF1 5-GAATACTTTCTGAGTAATCCCAGCA-3
ORM1Ex1R1 5 -TGATGCTGAATCTTTGACTG-3

Exon 1 ~ exon 3 ORM1Ex1F1 5-GGGCTTTTGTAACCTCTCCA-%
ORM1Ex2.3R2 5-TAGAGTTGTTTCTGAGCACA-3’

Exon 4 ~ exon 5 ORM1Ex4.5F3 5-AGTGCATCTATAACACCACC-3’
ORM1Ex4.5R1 5-GGTGGTAACTCCCCGCATTA-3’

Exon 5 ~ exon 6 ORM1Ex5.6F1 5-ACATGCTTGCTTTTGACGTG-3'
ORM1Ex6R1 5-GAACAGCAGGTTGTATTATG-3

Sequencing

—1.2kb ~ —900 ORM1-1kF1 5 -GAATACTTTCTGAGTAATCCCAGCA-3
ORM1-1kR2s 5'-AGTTTCACTCCCGTCCCCCA-3'

—860 ~ —90 ORM1-1kF2s 5-ACAAATAAAGACTTGACCCG-3
ORM1-1kR1 5-GCCCAGCAAAAGTTTACTCTGT-3

Exon 1 ORM1Ex1F1 5-GGGCTTTTGTAACCTCTCCA-3
ORM1Ex1R1 5 -TGATGCTGAATCTTTGACTG-3'

Exon 2 ~ exon 3 ORM1Ex2.3F1 5 -GACAGTCAAAGATTCAGCAT-8
ORM1Ex2.3R1 5-GTTTCTGAGCACATCGTTAG-3

Exon 4 ~ exon 5 ORM1Ex4.5F1 5-GCCTCCTCACCTGTAAGACA-3
ORM1Ex4.5R1 5-GGTGGTAACTCCCCGCATTA-3’

Exon 6 (IVS5-470~) ORM1Ex6F2 5-TGAACTACCTCCTGCCCCCATC-3'

(IVS5-180~) ORM1Ex6F1 5-CAGAGACAGAAAATGACTTG-3
ORM1Ex6R1 5-GAACAGCAGGTTGTATTATG-3

(C) ORM2 (deletion check and sequencing)

Frist PCR This study

—1.2kb ~ exon 6 ORM2-ZF1 5-GTAGACAATGCCCAGTGTTTAGCGT-3'
ORM2-ZR2 5-TTTGGGAGAGAACCTGGATTTA-3

Second PCR

—1.2kb ~ exon 1 ORM2-ZF1 5-GTAGACAATGCCCAGTGTTTAGCGT-3
ORM2Ex1R1 5-GCAGTGAGGCTTCTGTGTTT-3

Exon 1 ~ exon 3 ORM2Ex1F1 5 -TTCATCATTAGGTTTGTGGC-3
ORM2Ex2.3R1 5-AGGGATTTTTTCTGAGCACG-3'

Exon 4 ~ exon 5 ORM2Ex4.5F3 5-AGTGCTTCTATAACTCCAGT-3'
ORM1Ex4.5R1e 5'-GGTGGTAACTCCCCGCATTA-3’

Exon 5 ~ exon 6 ORM2Ex5.6F1 5 -TGATGTTTGGTTCCTACCTG-3’
ORM1Ex6R1e 5-GAACAGCAGGTTGTATTATG-3

Sequencing

—1.2kb ~ —900 ORM2-1kF1 5-AGCGTAAGAATCAGGGTCCA-3'
ORM2-1kR2s 5-GAGTTTCGCCATTTTGCTCT-3'

-850 ~ —360 ORM2-1kF2s 5'-TAAAGACTTGACCCATAAGG-3
ORM2-1kR1 5-CCTATCCCTCTGAGTGCCAA-3

Exon 1 ORM2Ex1F1 5 -TTCATCATTAGGTTTGTGGC-3
ORM2Ex1R1 5-GCAGTGAGGCTTCTGTGTTT-3

Exon 2 ~ exon 3 ORM1Ex2.3F1¢ 5-GACAGTCAAAGATTCAGCAT-8
ORM2Ex2.3R1 5-AGGGATTTTTTCTGAGCACG-3'

Exon 4 ~ exon 5 ORM2Ex4.5F1 5-GACTCCTCACCTGTAAGACA-3'
ORM1Ex4.5R1¢ 5-GGTGGTAACTCCCCGCATTA-8’

Exon 6 (IVS5-470~) ORM2Ex6F2 5-GTGAACTACCTCCTGCCCCATC-3'

(IVS5-180~) ORM1Ex6F1¢ 5'-CAGAGACAGAAAATGACTTG-3
ORM1Ex6R1e 5'-GAACAGCAGGTTGTATTATG-3

NT_008470.19 was used as the reference sequence for ORM1I and ORM2.
2The same primer was used for ORM1 analysis.
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 100, NO. 10, OCTOBER 2011 DOI'10.1002/jps
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For the analysis of ORM genetic variations, 5'-
flanking region (approximately 1.2kb), all six exons
and their adjacent intronic regions of both ORM genes
were directly sequenced using the DNA samples from
113 subjects homozygous for the single tandem type
of ORMs. The first PCR was performed using 25ng
of genomic DNA with 2.5 units of LA-taq (Takara Bio
Inc., Shiga, Japan) and 0.4 u M of primers [Table 2 (B)
and (C), first PCR]. PCR conditions were as follows:
94°C for 5 min, followed by 30 cycles of 94°C for 30,
60°C for 1min, and 72°C for 2min, and then a final
extension at 72°C for 7min. The second PCR was per-
formed using the first PCR products with 1 unit of
Ex-taq (Takara Bio Inc.) and 0.4 u M of primers [Table
2 (B) and (C), second PCR] under the same reaction
conditions described above. The PCR products were
treated with a PCR product Pre-Sequencing Kit (USB
Company, Cleveland, Ohio) and directly sequenced on
both strands by using an ABI BigDye Terminator Cy-
cle Sequencing Kit version 3.1 (Applied Biosystems,
Foster City, California) with the sequencing primers
shown in Table 2 [(B) and (C), sequencing]. Excess dye
was removed using a DyeEx96 kit (Qiagen, Hilden,
Germany), and the eluates were analyzed on an
ABI Prism 3730 DNA analyzer (Applied Biosystems).
All variations were confirmed by sequencing PCR
products generated from new amplifications from ge-
nomic DNA. Genbank NT_008470.19 was used as the
reference sequence. The translational initiation site
was designated as +1 to describe the polymorphism
positions.

As of January 18, 2011, the novel variations
reported here are not found in the database of
Japanese Single Nucleotide Variations (http:/snp.
ims.u-tokyo.ac.jp/), dbSNP in the National Center for
Biotechnology Information (http:/www.ncbi.nlm.nih.
gov/SNP/), or PharmGKB Database (http://www.
pharmgkb.org/).

Linkage Disequilibrium and Haplotype Analyses

Hardy—Weinberg equilibrium and linkage disequilib-
rium (LD) analyses of ORMI/ORM?2 genetic varia-
tions detected at not less than 3% frequency were per-
formed using SNPAlyze 3.1 software (Dynacom Com-
pany, Yokohama, Japan). Pairwise LDs were shown
as rho square (+?) and |D’| values in Figure 2.
Diplotype configurations (haplotype combinations) of
ORM1/ORM?2 (single tandem type) were inferred us-
ing SNPAlyze software (Dynacom Company) with the
ORM1/ORM2 variations detected in four or more
chromosomes.

Analysis of Serum AGP Level and PK Data

The serum AGP levels at baseline (pretreatment with
PTX) in the patients were determined by nephelom-
etry and assessed for their associations with ORM
genotypes. The PK data of PTX have been obtained
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Figure 2. Linkage disequilibrium (D) analysis of sin-
gle tandem ORM (ORMI1-ORM?2) in 113 Japanese subjects.
Pairwise LD (+? values and |D’|) of variations detected in
no less than 3% of allele frequencies is shown as a 10-graded
blue color.

previously.’® For the association analysis, the area
under the concentration—-time curve (AUC) values
for PTX and its metabolites, C3’-p-hydroxypaclitaxel
(3’-p-OH-PTX), 60-hydroxypaclitaxel (6¢-OH-PTX),
and 6u-C3/-p-dihydroxypaclitaxel (di OH-PTX), were
used.

Statistical Analysis

Statistical significance (two sided, p < 0.05) for associ-
ations of the serum AGP levels or PK data with ORM
genotypes (duplication, SNPs and haplotypes) and
with the categorical data [age, sex, history of smok-
ing or drinking, performance status (PS), and tumor
stage] was determined using the Mann—Whitney U-
test or Kruskal-Wallis test. Correlations among the
serum AGP levels, PK parameters, and patient back-
ground factors [body surface area, serum biochem-
istry of glutamic oxaloacetic transaminase (GOT),
alkaline phosphatase (ALP), and creatinine] were an-
alyzed by Spearman’s rank correlation test. Multiplic-
ity adjustment was not applied to bivariate analysis,
and contributions of the candidate genetic markers
to AGP levels were further determined by multiple
regression analysis after logarithmic transformation,
using the independent variables selected by the above
bivariate analysis (p < 0.05 or the absolute value of
Spearman’s r > 0.5). These analyses were conducted
using Prism version 4.0 (GraphPad Prism Software
Inc., San Diego, California) or JMP version 8.02 (SAS
Institute Inc., North Carolina).

RESULTS
Genetic Variations and Haplotypes of ORM Genes

We first determined the duplication of ORM genes
among the 165 Japanese subjects by the long-range
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PCR method reported by Nakamura et al.}* The fre-
quency of patients homozygous of the single tandem
type of ORMs (ORM1-ORM?2) was 0.685, and those
with duplication of ORM1 (ORM1-ORM1-ORM?2) or
ORM?2 (ORM1-ORMZ2-ORM2) at least in one chromo-
some were 0.309 and 0.006, respectively. No patients
had duplications of both ORM1 and ORM2, homozy-
gous deletion of any of ORM genes, or a reported non-
sense mutation in exon 4 of ORM1.15

Using the DNA samples from 113 patients who
were homozygous for the single tandem ORM, anal-
ysis of ORM variations was performed. With specific
primers for ORM1 and ORM2, direct sequencing was
conducted for the 5-flanking regions, all six exons
and their adjacent intronic regions in both ORMs.
Detected variations of ORM1 and ORMZ2 are shown
in Tables 3 and 4, respectively. All these variations
were in Hardy—Weinberg equilibrium (p > 0.1).

For ORM1, 43 genetic variations including seven
novel ones were detected at frequencies ranging from
0.004 to 0.399 (Table 3). Novel variations included
two in the 5'-flanking region, four in the intronic re-
gions, and one in the 3-untranslated region at fre-
quencies ranging from 0.004 to 0.057. Among in-
tronic novel variations, an 18-base substitution of
ORM?2 for ORM1 was found in intron 2 (IVS2-42_-
25) at a frequency of 0.009. We also detected the
reported ORM1 variation in the 5-flanking region,
—686A >C, which was detected in Africans,!! and
the intronic variations (intron 5) IVS5-259G>T, IVS5-
252C>A, IVS5-248A>T, IVS5-243A>T, and IVS5-
227A>G, which were detected in Africans, including
Ghanaians,'%1! at a frequency of 0.004. The nonsyn-
onymous ORM1113G>A (Q38R), which was detected
in a variety of ethnic populations and has been des-
ignated as ORM1*S,® was also found in our Japanese
population at a frequency of 0.171. Another nonsyn-
onymous ORM]I variation, 509G>A (R170K), previ-
ously designated as ORM 1*B9,® was also found in our
study, but its frequency was low (0.009). The frequen-
cies of the other reported ORM1I variations 207C>T
(F69F) and 430G>T (V144F) were 0.039 and 0.004, re-
spectively. Although the nonsynonymous ORMI1 SNP
520G>A (V174M), designated as ORMI*F2.8 was re-
ported in Mexicans, Africans, and Europeans at fre-
quencies of 4%-17%,'® this SNP was not found in our
Japanese population.

Regarding ORM2, 40 variations including seven
novel ones were found at frequencies ranging from
0.004 t0 0.013 (Table 4). Novel variations included one
in the 5'-flanking region, one nonsynonymous varia-
tion, four in the intronic regions, and one in the 3'-
flanking region. The novel nonsynonymous variation
was 328G>A (E110R) at exon 3, and its frequency
was 0.013. The reported ORMZ2 variations in in-
tron 5, IVS54+76A>G, and IVS5-375T>C, which were
detected in Africans including Ghanaians,!%! were
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found at frequencies of 0.022 and 0.004, respectively,
in this Japanese population. The nonsynonymous
ORM?2 421G>C (G141R), which was designated as
ORMZ2*H19,8 was found at a frequency of 0.044. The
synonymous ORM2 SNP 531C>T (D177D), which
was detected in the Africans at the frequency of
0.47,!! was also detected in our population, but the
frequency was relatively low (0.013). Another re-
ported synonymous ORM2 variation, 207T>C (F69F),
was also detected at a frequency of 0.004.

LD and Haplotypes Analysis

The ORMI1/ORM2 haplotype structures were ana-
lyzed using 32 common variations that were detected
in four and more chromosomes in 113 patients (more
than 3% allele frequency). The LD profile of the
ORM1/ORM2 variations in the single tandem ORM
is shown in Figure 2. As assessed by r? (Fig. 2, upper
right), close linkages were observed among ORM1I-
1139G>A and ORM2 SNPs of —1016G>A, —686A>C,
IVS1-144G>A, IVS1-132C>A, and IVS5-386A>C
(% = 0.825). Other close linkages were found among
ORM1 SNPs of 113A>G (Q38R), IVS1+108C>T,
IVS2-72G>A, and *120+204G>A and ORM2 SNPs of
—559T>A, —540C>T, —395C>T, and IVS5-203G>T
(> > 0.882). Complete linkages (r2 = 1) were
found between ORMI1 —509T>C and ORM2 IVS4-
33T>C, among IVS1+108C>T, IVS2-72G>A, and
*1204+204G>A in ORMI1, between IVS54+223A>G
and IVS5+235A>G in ORM1, and among —686A>C,
IVS1-132A>C, IVS2-43C>T, and IVS5-304G>A in
ORM?2. Regarding |D’| values, strong LD was also
observed throughout the region analyzed. Overall, be-
cause close associations between the variations were
observed throughout the entire ORMI1/ORM2 genes,
the sequenced region was analyzed as a single LD
block for the haplotype inference.

A total of 41 haplotypes were identified/inferred,
classified into 13 subgroups, and further catego-
rized into four major groups (Fig. 3). Our haplotypes
nomenclature system is based on the recommenda-
tion of Nebert.'® Haplotypes without any amino acid
substitutions were assigned as *1 and named with
small alphabetical letters in descending frequency
order (*Ia to *Iw). Haplotypes with nonsynonymous
variations were assigned from *2 to *4, and their sub-
types were named with small alphabetical letters.
Ambiguous rare haplotypes inferred from only one
patient are shown with “?” in Figure 3.

The most frequent *I haplotype *Ia (also clas-
sified as*IA subgroup) harbors no genetic varia-
tions, and its frequency was 0.407. The second fre-
quent *I subgroup was *IB (frequency: 0.226), which
harbors IVS5+223A>G in ORMI1 with six other
linked variations, —686A>C, —616G>A, —289T>C,
—165A>G, IVS1-13C>A, and IVS5-304G>A in
ORM?2. The *1 haplotype harboring only one variation
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Table 8. Summary of Genetic Variations of ORMI Detected in This Study

SNP Identification Position

NCBI(dbSNP)/ From the Translational Initiation Nucleotide Change and Flanking Amino Acid Allele Frequency
This study JSNP/Ref Location NT.008470.19  Site or from the Nearest Exon Sequences (5’ to 3') Change (N = 226)*
MPJ6_ORM1.001 rs1017989 5 -flanking 46248807 ~1139 geactttgggaggecgagacG/A ggtgagteacctgaggtegg 0.246
MPJ6_ORM1.002 rs10982150 5'-flanking 46248882 ~-1064 cecatetetactgaaaataaC/T aacaacaaaaaaaattaget 0.004
MPJ6_.ORM1.0035 5-flanking 46249161 —785 actcattccacagaatatacC/T gagtgeecttgaagtgetgg 0.013
MPJ6_.ORM1.004  rs116994374 5'-flanking 46249204 —742 actgctecaggattgggggcG/A tattggtgaaagagaageaa 0.022
MPJ6_ORM1.005  rs117454680 5'-flanking 46249254 —-692 tcagatggcagggaatggggG/A aaaacagggagacagtttee 0.013
MPJ6_ORM1.006 5-flanking 46249260 —686 ggeagggaatgggggaaaacA/C gggagacagttteetgtttg 0.004
MPJ6_ORM1.007° 5'-flanking 46249267 —679 aatgggggaaaacagggagaC/T agtttectgtitgagatgtt 0.009
MPJ6_ORM1.008 rs4510934 5'-flanking 46249387 —-559 agggctgggttgggeccecaT/A tgaactttggetetgacaca 0.083
MPJ6_ORM1.009 rs1766076 5-flanking 46249437 —509 acactcagtggaactgaatcT/C atgtttgtettecceggeat 0.035
MPJ6_ORM1.010 rs10706198 5-flanking 46249522 —424 cctggggacectcaaaggtgG/- ctteatcattaggtttgtgg 0.013
MPJ6_ORM1.011 rs3827819 5 -flanking 46249657 —289 tggactcacacgtttactaaT/C gttgetgeagececgeacee 0.132

IMS-JST189260
MPJ6.ORM1.012 rs1107080 5-flanking 46249718 —228 tactetagggettttgtaacC/G tetccatgtgaggaactcaa 0.009
MPJ6_ORM1.013 rs4978580 5 -flanking 46249781 —165 gtgctecgagetggectttgG/A gggaggttttgtgegaggea 0.004
MPJ6_ORM1.017 rs17650 Exonl 46250058 113 caccaacgecaccetggaccA/G ggtgagtgectgggetagee Q38R 0.171
MPJ6_.ORM1.019 rs1687381 Intronl 46250167 IVS1+108 ceeccacteeeggetetgeeC/T ttttetettetgggteeeea 0.136
MPJ6_.ORM1.020 rs10909578 Intronl 46250331 IVS1-144 (4+272) ggcaatgactgatectcaggGrA tgagetectgeatgegeact 0.004
MPJ6_ORM1.022 rs700126 Exon2 46250567 207 caagcaaccttettttacttC/T acceccaacaagacagagga F69F 0.039
MPJ6_ORM1.023 rs1111796 Intron2 46250758 IVS2-72 ctecaccagactettgeeccG/A ggactgtgatgggegattgg 0.136

IMS-JST099907
MPJ6_ORM1.0246 Intron2 46250772 IVS2-58 tgeeccaggactgtgatgggC/T gattggecacttetcaataa 0.004
MPJ6.ORM1.0256 Intron2 46250788 IVS2-42_-25¢ tgggegattggecacttetc/II tteegeettetgtitggett 0.009

46250805

MPJ6_.ORM1.027¢ Intron3 46250960 IVS3+60 acagggcaggecagcataagG/A tgggggetggatgtagagee 0.057
MPJ6_ORM1.034 rs1126746 Exon4d 46251703 430 agaagaactgggggctgtctG/T tetatggtaggeatgettag V144F 0.004
MPJ6_ORM1.035 rs10982154 Intron4 46251744 IVS4+35 cagceccaaactcatgeeceT/A ctecaggeeteaceceecatt 0.026
MPJ6_ORM1.036 rs10982155 Intron4 46251786 IVS4-75 acccaccectgggetggeecC/T tagaaceccageecteeetg 0.026
MPJ6_ORM1.040 rs3182041 Exon5 46251933 509 cgactgcttgegeattcecaA/G gtecagatgtegtgtacaceg K170R 0.009
MPJ6_ORM1.043 Intron5 46252155 IVS5+191 tggtggatgagageccaggaG/A ggagaagteectgtgaaace 0.013
MPJ6_ORM1.044 rs1687382 Introns 46252187 IVS5+223 tgtgaaaccagggaggacctA/G aaagcetaacaggagggaaca 0.399
MPJ6_ORM1.045 rs2070869 Intronb 46252199 IVS5+235 gaggacctgaaagctaacagA/G agggaacagegtgagecacg 0.399

IMS-JST005917

Continued
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226)¢

(N =

Amino Acid Allele Frequency
Change

Nucleotide Change and Flanking
Sequences (5 to 3')
gtgecacagtaaatgecagtgA/G ttettaagagtetgagetee
aaatgccagtgattcttaagA/G gtetgageteccattgtaga
ttaagagtctgageteccatT/G gtagaggeaagtaagetgag
agcteattetgeccteteecT/C ggaagaccteccaceetgte
ggacagagacttgggggecaT/A cetgecectecaaccegaca
tetgaageetgeectgagttC/T aacectggetgggeactgga
aaaatctgggaaggcttecctG/A gaaggggeatetgaaceaat
ggeatctgaaccaatctagaA/G agatgaggageataatacaa

acaggagggaacagegtgagC/T cacggggttgggggattgge
geteggeaggtectaagtgcA/T cagtaaatgecagtgattet

aggagctgcageataagggcT/C cggeaggtectaagtgeaca
ggagetgeageataagggetcG/T geaggtectaagtgeacagt
agcataagggcteggeaggtC/A ctaagtgeacagtaaatgee

taagggcteggeaggtectaA/T gtgeacagtaaatgecagtg
agagtctgagcteccattgtA/G gaggcaagtaagetgaggtt
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was classified as *IC subgroup (frequency: 0.137). The
*IE subgroup (frequency: 0.035) harbors —509T>A in
ORM1 with two other linked variations, —165A>G
and IVS4-33T>C in ORM2.

The *2 haplotype (*II group) was defined by
one nonsynonymous substitution, 113A>G (Q38R)
in ORMI. The most frequent *2 subgroup,
*ITA (frequency: 0.049), harbors additional varia-
tions: IVS14+108C>T and IVS5+223A>G in ORM1
and —-616G>A, —559T>A, —540C>T, —395C>T
—165A>G, and IVS5-203G>T in ORMZ2. Subgroup
*[IC (frequency: 0.04) harbors an additional vari-
ation, —559T>A in ORMI. Subgroup *IIE (fre-
quency: 0.018) harbors additional variations includ-
ing —686A>C, —289T>A, IVS1-13C>A, and IVS5-
304G>A in ORM?2. The *3 haplotype (*III group)
harbors two nonsynonymous substitutions, 113A>G
(Q38R) in ORM1 and 421G>C (G141K) in ORM2
(frequency: 0.040), and the *4 haplotype (*IV group)
harbors one nonsynonymous substitution, 421G>C
(G141K) in ORM2 (frequency: 0.004).

Association of ORM Genotypes with Serum AGP Levels

The effects of duplications of ORM1 or ORM2 genes
are summarized in Table 5. The median AGP levels
of the wild-type (single tandem ORM) and ORM1-
duplicated groups were 100.0 and 104.0 mg/dL, re-
spectively, and no significant difference between two
groups was observed. The AGP level for ORM2 dupli-
cation observed in only one patient was 126.0 mg/dL,
which fell within the range of the wild-type group.
Regarding the effects of ORM variations, an insignif-
icant but more than 40% increase in the median
AGP level was observed in patients bearing ORM1
—559T>A and ORM2 421 G>C (G141R) (p = 0.07 and
p = 0.19, respectively, Mann—Whitney U-test) (Fig. 4).
No other ORM variations exhibited any remarkable
relationships with the AGP levels.

The relationship between diplotypes (combination
of haplotypes) and AGP levels was investigated. The
median AGP levels in the patients with *I/*I, *II/(*I
or *II), and *III/*I were 97, 121, and 145mg/dL, re-
spectively. The patients with haplotype *III, which
harbors two nonsynonymous variations of 113A>G
(Q38R)in ORM1 and 421G>C (G141K) in ORM2, had
a 50% higher AGP levels than those with haplotype
*I; however, this difference was not significant (p =
0.088, Mann—Whitney U-test).

Effects of ORM Genotypes on PTX PK

Next, we examined the effects of the ORM genotypes
on the PK parameters of PTX and its metabolites. PTX
is metabolized to 6¢-OH-PTX and 3'-p-OH-PTX by
CYP2C8 and CYP3A4, respectively, and both metabo-
lites are further hydroxylated to di OH-PTX.19-22 Re-
garding ORM duplications, no significant differences
in the PK parameters were observed among the
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SNP Identification Position
NCBI (dbSNP)/ From the Translational Initiation Nucleotide Change and Flanking Amino Acid  Allele Frequency
This study JSNP/Ref Location  NT_008470.19 Site or from the Nearest Exon Sequences (5’ to 3') Change (N = 226)=
MPJ6_ORM2_001 rs112164771 5-flanking 46255534 —1183 aaggcgctctggaaggecaggC/T geggtggetcatgettgtaa 0.004
MPJ6.ORM2.002 rs10982163 5-flanking 46255565 -1152 atgcettgtaateccageactG/T tgggaggeegagg 0.022
MPJ6_ORM2_003 rs10982164 5'-flanking 46255599 -1118 tgggeggatcacctgaggtaG/A ggagttegagaccageetga 0.018
MPJ6_.ORM2.004 rs7040680 5-flanking 46255701 —1016 acctgtaatcccagegactcG/A ggaggetgaggeaagagaat 0.217
MPJ6_ORM2_005" 5 flanking 46255975 —742 actgetccaggattgggggcA/G tattggtgaaagagaageaa 0.004
MPJ6_ORM2.-006 rs2993412 5'-flanking 46256031 —686 ggeagggaatggggaaaaacA/C gggagacagtttectgttty 0.243
MPJ6.ORM2.007 rs10817591 5'-flanking 46256101 —-616 tttactggaaatagacattcG/A acttggatgtecctttttgg 0.385
MPJ6_-ORM2_008 1535609402 5'-flanking 46256158 —~559 agggetgggttggggecccaT/A tgaactttggetetgacata 0.146
MPJ6_ORM2_009 rs10982165 5'-flanking 46256177 —-540 aatgaactttggctctgacaC/T agctgttgecacactcagtg 0.133
MPJ6.ORM2.010 rs71503594 5-flanking 46256208 —-509 acactcagtggaactgaatcC/T atgtttgecttcacceggea 0.027
MPJ6_ORM2. 011 rs10706198 5-flanking 46256293.46256294 —424_-423 cctggggacectcaaaggte-/G cttcatcattaggtttgteg 0.013
MPJ6_.ORM2.012 rs12340691 5'-flanking 46256322 —395 ttaggtttgtggetgggtecC/T actgaagtaagtcttggeac 0.142
1559332824
MPJ6.ORM2.013 rs3827819 5-flanking 46256428 —289 tggactcacacgtttactaaT/C gttgetgeageecegeacee 0.257
MPJ6.ORM2.014 rs4978580 5'-flanking 46256552 —165 gtgcteegagetggeetttgA/G gggaggtittgtgegaggea 0.429
MPJ6_ORM2_0190 Intronl 46256835 IVS1+5 cgeeaceetggacegggtgaG/C tgeetgggetageectgtee 0.004
MPJ6.ORM2.021 rs2636887 Intronl 46256898 IVS1+68 cettetetgggettecetttA/C cetgetggetgtggtegeac 0.018
rs115684630
MPJ6_ORM2_022 rs2787338 Intronl 46256916 IVS1+86 ttacctgetggetgtggtegC/G acecccacteccagetetge 0.004
MPJ6_.ORM2_023 152636888 Intronl 46256929 IVS1+99 gtggtegeaceeecacteecA/G getetgeetttttetettet 0.018
MPJ6_ORM2.024 rs1687381 Intronl 46256938 IVS1+108 cecccacteccagetetgecT/C ttttetettetgggteceea 0.004
MPJ6_.ORM2.025 rs10909578 Intronl 46257102 IVS1-144 ggcaatgactgatcctcaggG/A tgagetectgeatgegeact 0.230
MPJ6_ORM2_026 rs71505503 Intronl 46257114 IVS1-132 tectecagggtgageteetgeA/C tgegeactgeccaccaggeg 0.243
MPJ6_.ORM2.027 rs2787339 Intronl 46257233 IVS1-13 agececcatcaccageteccC/A cettetceccagateactgg 0.288
rs117654479
MPJ6.ORM2.028 rs700126 Exon2 46257338 207 caagcaaccttettttacttT/C acccccaacaagacagagga F69F 0.004
MPJ6_ORM2.029% Intron2 46257490 1VS2+102 (-114) ggectteccatgggtggaacClT gggagggttggetttaatet 0.004
MPJ6_ORM2_030 rs17230081 Intron2 46257561 IVS2-43 ggcgattggecacttetectC/T gataacattactgtttttet 0.243
MPJ6_ORM2.031° Intron2 46257585 1vS2-19 aacattactgtttttettccG/A ccttetggtigactttagee 0.009
MPJ6_ORM2.033b Exon3 46257674 328 atgggaccgtetecagatacG/A gtgagggecageecteagge E110R 0.013
MPJ6_ORM2_034 1512685968 Exon4 46258471 421 tggacgatgagaagaactggG/C ggetgtettictatggtagg G141R 0.044
MPJ6_ORM2.035 rs113974644 Intron4 46258605 IVS4-33 cetecegeegggeeccaccaT/C gtececagteagtetecttg 0.035
MPJ6_ORM2_039 rs1826232 Exon5 46258732 531 tcagatgtcatgtacacegaC/T tggaaaaaggtaaacgcaag D177D 0.013
MPJ6_ORM2_040 rs116296992 Intron5 46258817 IVS5+76 cccagaggeecagageaggaA/G agetgecaggeaaggetgea 0.022
MPJ6.ORM2.041 rs118158426 Intronb 46259495 IVS5-386 agtcagctcacttgatecacA/C geetggeacctecactgtet 0.199
MPJ6_ORM2.042 rs115413547 Intron5 46259506 IVS5-375 ttgatecacageetggeaccT/C ceactgtetggetagggage 0.004
MPJ6.ORM2.043 rs1976193 Intron5 46259577 IVS5-304 tcagttacatcatetgeataG/A tagtggtggttgtgaggaat 0.243
rs41465345
MPJ6_ORM2_0445 Intronb 46259585 IVS5-296 atcatctgeatagtagtggtG/C gttgtgaggaattcaggage 0.004
MPJ6_ORM2.045 rs1687417 Intronb5 46259678 IVS5-203 ttaagggtetgageteeccatG/T gtagaggcaagtaagetgag 0.142
MPJ6_ORM2_046 rs71238720 Intron5 46259813 IVS5-68 agcteattetgeecteteecC/T ggaagaccteecaceetg 0.031
MPJ6_ORM2.0470 3'-flanking 46260159 *122+91 gagtgetgtgggageecageA/G ctgtgggaagacattttett 0.004
MPJ6_ORM2.048 1562559488 3'-flanking 46260270 *122+202 aaaatctgggaaggcttectA/G gaaggggceatetgaaccaat 0.040
MPJ6_.ORM2.049 rs1766098 3'-flanking 46260296 *1224-228 ggcatctgaaccaatctagaA/G agatgaggagceataatacaa 0.013
aNumber of chromosomes. ’

bNovel variation detected in this study.

3d TEXVLITOVA ANV THATT 4OV HIIM THLVIDOSSV SHdALONHD A0

£9a¥y



4554 KATORIET AL.

[

i
g
e

i

Tl

4
RS

i

s
mﬂ'

4
R
It

;

£
£

]

i
o

o

T

Figure tandem ORM

single
(ORMI1-ORM2) in 113 Japanese subjects. Forty-one
haplotypes were identified/inferred and categorized into
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four haplotypes groups: *I (without nonsynonymous
substitutions), *II [harboring 113A>G (Q38R) in ORM1I],
*IIT [harboring 113A>G (Q38R) in ORMI and 421G>C
(G141K) in ORM?2], and *IV [harboring 421G>C (G141K)
in ORM?2]. The “?” symbol denotes ambiguous haplotypes
(n = 1). Sites for nonsynonymous substitutions (tagging of
II to IV groups) are indicated by their group-name numbers

(I1, 111, and IV).

A. ORM1T -558 T>A B. ORM2 421G>C (G141R)

3004 . p=0.073 300 . p=0.192
- .
L *
2504 250
. -
- L
2004 ‘: 200 ~
*
g i B 2 R :
£ 150 - oy £ 150 b .
] “at —d— RS e
-1 u.:u - E wagilen
o0l o . . i:.
1 wetgepati. 1004 —Rapeppto
13y ‘ *szgdest, .
s dpiger - Staspit. .
[3+4 fyaet
sof 3 ’ o
- A - -
4 T T L2 T ¥
T AT+AA GG cG

Figure 4. Effects of ORM genetic variations on serum
AGP levels. The bars represent the medians. Dots show the
individual AGP levels at baseline in the Japanese patients
(n = 113) treated with PTX.

wild-type and duplicated groups (Table 5). Subse-
quently, we examined the associations of the geno-
type of ORMs and PK parameters of PTX in the 113
patients with no duplication. Among the ORM1 and
ORM?2 SNPs, significant increases in the AUC values
of all of the metabolites were observed in the patients
bearing ORM1 —559T>A compared with those in pa-
tients without these variations (Fig. 5). ORM2 421
G>C (G141R) also showed a significant association
with higher AUC values of di OH-PTX compared with
those without this variation (p = 0.033, Mann—Whit-
ney U-test). These two genotypes did not significantly
affect the clearance of the parent compound PTX
(p = 0.17 and 0.38 for ORM1 —559T>A and ORM2
421 G>C, respectively).

The associations of haplotypes *II and *III with the
PK parameters were also examined. Significant in-
creases (50%) in the AUC values of di OH-PTX were
observed in patients with haplotype *III compared
with *I, (p = 0.01, Mann—Whitney U-test). The me-
dian AUC of di OH-PTX for diplotypes *I/*I, *II/(*I
or *II), and *ITT/*I were 0.201, 0.273, and 0.580 h x
(ng/ml), respectively. No significant effects of *II or
*I1I on the clearance of PTX were observed (data not
shown).

The Relationships Between AGP Levels and PK of PTX
and Its Metabolites

The association of the AGP level with PK of PTX
was examined using the clearance of PTX and AUCs
of PTX and its metabolites. Although PTX clearance
was not correlated with the serum AGP level, posi-
tive correlations were found between the AGP level
and the AUC values of PTX metabolites (Fig. 6). In
particular, AUC values of 66-OH-PTX, 3'-p-OH-PTX,
and diOH-PTX were highly correlated (Spearman’s r
were 0.33, 0.32, and 0.29, respectively, and p < 0.01
for all) with AGP levels.

The Relationship Between AGP Levels and Patients’
Background Factors

The serum AGP levels in the 165 cancer patients
varied from 34 to 395mg/dL (median: 103 mg/dL).
A significant correlation between AGP levels and

Table 5. Effects of ORM Duplications on the Serum AGP Levels and PK Parameters of 165 Japanese Paclitaxel-Administered Patients

Median (Range)

Wild Type (n = 113 or 112)

ORM1 Duplication (n = 51) ORM?2 Duplication (n = 1)

AGP level (mg/dL) 100.0 (37.0-291.0)

AUCH(PTX) (h x (pg/mL)] 18.41 (10.26-38.37)
AUCH(6¢-OH) (h x (pg/mL)] 1.621 (0.538-8.455)
AUCH(3'p-OH) (h x (pg/mL)] 0.441 (0.128-1.355)
AUCH(diOH) th x (pg/mL)] 0.264 (0.000-2.551)

104.0 (34.0-395.0) 126.0
18.55 (6.29-36.29) 18.18
1.372 (0.416-13.12) 1.196
0.401 (0.159-1.881) 0.280
0.319 (0.000-7.954) 0.061

aNumber of patients was 112.
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metabolites. The bars represent the medians. Dots show the individual AUC values in Japanese
patients (n = 113) treated with PTX.
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Figure 6. Correlations between serum AGP levels and
the PK parameters of PTX. The broken lines represent the
regression curves.

PS (0 vs. 1 and 2) was observed (p = 0.0003,
Mann—Whitney U-test), and the median AGP levels
for PS of 0, 1, and 2 were 84, 120, and 173 mg/dL, re-
spectively. The serum AGP level also correlated with
other serological parameters. The AGP level was pos-
itively correlated with CRP (Spearman’s r = 0.8405, p
< 0.0001), neutrophil counts (r = 0.627, p < 0.0001),
and serum levels of ALP (r = 0.365, p < 0.0001) and -
GTP (r = 0.278, p = 0.006). Consistent with previous
reports,1223 a negative correlation between serum
AGP and albumin levels was observed (Spearman’s
r=—0.626, p < 0.0001). The AGP level was also nega-
tively correlated with serum levels of hemoglobin (r =
—0.4457, p < 0.0001) and total bilirubin (r = —0.450,
p < 0.0001). No significant correlation was found for
age, sex, tumor stage, and serum levels of GOT, GPT,
and creatinine.

Multiple Regression Analysis on AGP Level

As described in a previous section, the serum AGP
level is associated with nongenetic factors such as
inflammation, disease status, or hepatic functions.
To further evaluate the effects of ORM variations
on AGP levels, multiple regression analysis was con-
ducted, including patient background factors such as
PS, CRP levels, neutrophil counts, and serum albumin
levels, which were highly correlated with AGP levels
(absolute value of Spearman’s r > 0.5). As shown in
Table 6, the estimated coefficient of ORMI1 —559T>A
after adjustment for the patient backgrounds were
0.056, meaning this SNP results in 1.13-fold higher
AGP levels than the wild type. However, the p value
for —559T>A was borderline significant (0.0605). The
other ORM variations/haplotypes including 421G>C
or haplotype *III did not show any significance in
the multivariate analysis. On the contrary, positive
correlations were found for the following nongenetic
factors: PS level (1 or 2) (p = 0.002), CRP level
(p < 0.0001), neutrophil count (p = 0.016) at base-
line, and the negative correlation of serum albumin
level (p = 0.0001) (Table 6). These results suggested

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 100, NO. 10, OCTOBER 2011

Table 6. Multiple Regression Analysis for Log-Transformed
AGP Levels in Japanese Cancer Patients

Independent Variables  Coefficient SE p

Intercept 2.364 0.1357 < 0.0001
PS (0 vs. 1,2) 0.081 0.0252 0.0018
CRP (mg/dL) 0.024 0.0047 < 0.0001
Neutrophile count 1.0 x 105 4.2. x 108 0.0164
Albumin (g/dL) -0.136 0.0341 0.0001
ORM1 -559T>A 0.056 0.0298 0.0605

Summary of analysis: % = 0.628, n = 113.

that nongenetic patient factors such as inflammation
and liver function rather than ORM variations have
a major impact on plasma AGP levels.

DISCUSSION

The primary purposes of this study were to eluci-
date the genomic variations of ORMI and ORM?2 in
Japanese subjects and to identify the variations that
are strongly related to plasma levels of AGP. The
secondary purposes were to describe the relationship
between AGP levels and the PK/PD of PTX and to
consider the mechanisms linking between them.

ORM Variations and Haplotypes

The current analysis on the ORM gene structure re-
vealed that the frequencies of patients with dupli-
cated ORM1 and ORM2 (heterozygous or homozy-
gous) were 31% and 0.6%, respectively, which does
not conflict with previously reported findings.1424 In
our preliminary study, we detected the homozygous
deletions of both ORMs in a cancer cell line estab-
lished from a Japanese patient, but in the current
study analyzing Japanese patients, no homozygous
deletions of any ORMs or no reported null variation
in exon 4 of ORM 1% were found. Although the gene
deletion was postulated to form in the process of dupli-
cated gene formation by unequal crossover, no ORM -
null homozygote was reported, and the frequency of
ORM2 null variation was estimated to be very low in
Japanese (0.04).25

In the 113 patients without any duplicated ORMs,
we found 14 novel ORM variations (seven in ORM!
and seven in ORM?2) including one nonsynonymous
variation, ORM2 328G>A (E110R). The frequencies
of novel variations were less than 0.06. We also de-
tected several known ORM SNPs/variations reported
in Africans including Ghanaians.!®!! The nonsyn-
onymous SNPs, ORM1 113G>A (Q38R) and ORM2
421G>C (G141R), which were reported in a vari-
ety of ethnic populations and designated as ORM1*S
and ORMZ2*H19, respectively,® were also found in
our Japanese population at frequencies of 0.171 and
0.044, respectively.
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Because the LD analysis indicated the region cov-
ering the ORM genes as a single LD block, the hap-
lotypes through the entire ORM region were deter-
mined. Forty-one haplotypes were identified/inferred,
and these were classified into four groups based on
two nonsynonymous SNPs, ORMI1 113G>A (Q38R)
and ORM2 421G>C (G141R). The frequency of hap-
lotype *I, which is the most common haplotype and
corresponds to the reported “ORM*F1-ORM2*M”
is 0.823. The current analysis proved that the re-
ported variation ORM1*S, 113G>A (Q38R), could be
further classified into two groups, *II and *III, and
the reported ORM2*H19, 421G>C, (G141R), could be
classified into two groups, *III and *IV (Fig. 3).

Association of the ORM Genotypes on the Serum
AGP Level

Next, we examined the impact of copy number and
genetic variations of ORMs on serum AGP levels at
baseline in patients receiving PTX therapy. The re-
sults showed that the duplication of ORMI1 or ORM2
did not affect AGP levels. The previous report specu-
lated that in the ORM duplication formation, wherein
a recombination process was assumed, the second
ORM 1 gene might be inserted between the 5'-flanking
region and intron 2 of the downstream ORM2.** In
that study, in a majority of subjects with ORM1 du-
plication, the 5'-flanking region of the second ORM1
contained the Alu sequence of the 5’-flanking region of
ORM2,** implying that majority of the second ORM1
might have the regulatory region of ORM2. Currently,
it is generally recognized that the expression level of
ORM(1 is higher than that of ORM2 (approximately
3:1 as AGP in the plasma)?®-28 and that the hepatic
mRNA level of ORM2 was reported to be very low.’
These reports imply that the expression level of the
second ORM1 might be downregulated similarly as
ORM?2, and this might partly explain the lack of ap-
parent effect of the duplicated ORMs on the AGP level
and PK parameters of PTX. In this context, it is of in-
terest that our sequencing of ORM1 and ORM?2 in the
5'-flanking region revealed substantial differences in
the corresponding sites/region of more than 600 bases
upstream of the translational initiation site between
the two genes. Thus, the regulatory mechanisms
for the expression of ORM1 and ORMZ2 might be
different.

Regarding the effects of ORM variations and hap-
lotypes on the serum AGP levels, we found similar
associations results with ORM1 —559T>A, ORM2
421G>C (G141R), or the haplotype *III harboring
nonsynonymous SNPs ORM1 113G>A (Q38R) and
ORM?2 421G>C (G141R). Then, we further evaluated
the contributions of the ORM variations and identify
the responsible genetic marker associated with AGP
levels by multivariate analysis, considering the non-
genetic factors selected in the bivariate analysis. After
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adjusting for patient background and blood test data,
the increasing tendency by ORM 1 —559T> A was still
observed with borderline significance (Table 6). On
the contrary, no significant correlation with ORM2
421G>C (G141R) was found (data not shown). The
functional significance of ORM1 —559T>A and other
linked SNPs is unknown, but these variations are not
located in the region of a putative glucocorticoid re-
sponsive element (GRE) corresponding to GREs of ro-
dent orosomucoid genes. Therefore, functional inves-
tigation of this and other linked variations is needed.

Association of the ORM Genotypes on the PK of PTX

Regarding the association of ORM variations on the
PK of PTX, significant increases in the AUC values
of di OH-PTX and 60¢-OH-PTX were observed in pa-
tients bearing ORM1 —559T>A compared with wild-
type patients, whereas there was no difference in the
AUC of PTX between them. As a close association be-
tween AGP levels and AUC values of the PTX metabo-
lites was observed (Fig. 6), these results may be re-
flected by the higher levels of AGP in patients with
ORM1 —559T>A. On the contrary, the effects of the
ORM genotypes on the clearance of the PTX were
not significant; thereby, the clinical significance of the
ORM genetic variations for PTX therapy may not be
substantial.

Relationship Between AGP Level and PK of PTX

The current study revealed positive correlations be-
tween AGP levels and the AUC values of PTX metabo-
lites (Fig. 6). A previous report showed that the PTX
binds to AGP stronger than to albumin.?® The re-
ported PTX amount possibly binding to AGP per mg
protein was more than 10 times larger than that bind-
ing to albumin. AGP was demonstrated to be incorpo-
rated into the liver via the asialoglycoprotein recep-
tor or other undefined receptors that interact with
the carbohydrate moiety of AGP, and the drugs bind-
ing to AGP are also thought to be transported into
the liver via these AGP receptor systems.3%:3! These
findings led us to hypothesize that higher AGP levels
could increase the uptake of the PTX—AGP complex
from the plasma into the liver via the AGP receptors,
and this might result in the enhancement of the PTX
metabolism. In other words, AGP may function as a
carrier of PTX from the blood into the liver. In ad-
dition, however, the possibility could not be excluded
that PTX metabolites may also bind to AGP or other
constituents in the blood and this may lead to the
reduced clearance of PTX metabolites.

Regarding influence of serum AGP level on PK/
PD of drugs, several reports showed that the as-
sociations between the increased plasma AGP level
and the lower clearance of drugs and/or lower drug
responses for chemotherapies with docetaxel and
imatinib.2:3-32:33 These reports implicated that the
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free fraction of the active parent drug in the plasma
was lowered by its binding to AGP, and this may re-
duce its metabolism and delivery into the target tis-
sue. In contrast, our study on PTX revealed that PTX
clearance was not correlated with the serum AGP
level. This observation could be explained by the fact
that cremophor, an additive for the PTX injection that
solubilizes PTX by forming micelles, holds PTX not to
be delivered to the tissues,?* and this may minimize
the influence of the fluctuation of AGP level on the
total concentration of PTX in plasma.

In conclusion, the present study provided detailed
information on ORM genetic variations and haplo-
type structures in Japanese and also identified ORM
variations that were associated with AGP levels and
PTX metabolism. In addition, a possible clinical role of
AGP as a carrier of drug from the blood into the hepa-
tocytes was suggested. Further studies are needed to
clarify the clinical significance of the ORM genotypes
and AGP for the PK/PD of PTX or other drugs binding
to AGP.
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Summary Background Nanoparticle albumin-bound pacli-
taxel (nab-paclitaxel) is a Cremophor EL—free formulation of
paclitaxel newly designed to avoid solvent-related toxicities.
We have evaluated the safety, tolerability, pharmacokinetics,
and tumor response profile of weekly nab-paclitaxel
(100 mg/m?) infusion together with administration of
carboplatin at an area under the curve (AUC) of 6 every
3 weeks in Japanese patients with advanced non-small cell
lung cancer (NSCLC). Methods Nab-paclitaxel (100 mg/m?)
was administered without steroid or antihistamine premed-

I. Okamoto (BX) - K. Nakagawa
Department of Medical Oncology,

Kinki University Faculty of Medicine,
377-2 Ohno-higashi,

Osaka-Sayama, Osaka 589-8511, Japan
e-mail: chi-okamoto@dotd.med.kindai.ac.jp

N. Yamamoto * H. Murakami
Division of Thoracic Oncology, Shizuoka Cancer Center,
Shizuoka, Japan

K. Kubota

Divisions of Thoracic Oncology,
National Cancer Center Hospital East,
Chiba, Japan

Y. Ohe

Department of Medical Oncology,
National Cancer Center Hospital,
Tokyo, Japan

N. Nogami

Department of Respiratory Medicine,

National Hospital Organization Shikoku Cancer Center,
Ehime, Japan

H. Yamaya - K. Ono

Taiho Pharmaceutical Co. Ltd,
Tokyo, Japan

Published online: 03 May 2011

ication as a 30-min intravenous infusion once a week in
combination with carboplatin at an AUC of 6 on day 1 of
repeated 21-day cycles. The pharmacokinetics of both drugs
were analyzed, and both adverse events and treatment
response were monitored. Results Bighteen patients were
enrolled in the study. The most frequent treatment-related
toxicities of grade 3 or 4 were neutropenia (67%),
leukopenia (50%), and anemia (22%). No severe hypersen-
sitivity reactions were observed despite the lack of premed-
ication, and no unexpected or new toxicities were detected.
Pharmacokinetics analysis did not reveal any substantial
drug-drug interactions. Seven partial responses were ob-
served among the 18 evaluable patients, yielding a treatment
response rate of 38.9%. Conclusions The combination of
nab-paclitaxel (100 mg/m?®) administered weekly and carbo-
platin at an AUC of 6 every 3 weeks was well tolerated in
Japanese patients with advanced NSCLC. This combination
therapy also showed promising antitumor activity and was
not associated with relevant pharmacokinetic interactions.

Keywords Nab-paclitaxel - Carboplatin - Non-small cell
lung cancer - Pharmacokinetics - Safety

Introduction

Lung cancer is the leading cause of death related to cancer
worldwide, with non—small cell lung cancer (NSCLC)
accounting for 85% of lung cancer cases [1]. Platinum-
based chemotherapy is the mainstay of first-line treatment
for advanced NSCLC on the basis of the moderate
improvement in survival and quality of life it confers
compared with best supportive care alone [2]. Given the
safety and efficacy limitations of current therapeutic
options, however, new chemotherapeutic agents and combi-
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nation regimens are needed to further ameliorate symptoms
and increase antitumor activity in a manner that is both
convenient and safe in patients with advanced NSCLC.

The most commonly used taxane combination regimen
for treatment of advanced NSCLC is carboplatin plus
solvent-based paclitaxel. Paclitaxel is highly hydrophobic,
and first-generation formulations include Cremophor EL
(polyoxyethylated castor oil) and an ethanol vehicle to
allow parenteral administration [3]. Given that Cremophor
EL causes leaching of the plasticizers from standard
intravenous tubing and is also associated with hypersensi-
tivity reactions, administration of solvent-based paclitaxel
requires a long infusion period (typically 3 h), the use of
special non—polyvinyl chloride infusion systems and in-line
filtration, and premedication with corticosteroids, diphen-
hydramine, and an H, histamine receptor antagonist to
minimize the incidence of potentially life-threatening
hypersensitivity [4, 5]. Severe and sometimes fatal hyper-
sensitivity reactions sometimes still occur, however, even
after administration of these premedications [6].

Nanoparticle albumin-bound paclitaxel (nab-paclitaxel,
Abraxane) was developed for delivery of paclitaxel as a
suspension of albumin particles in saline, allowing a shorter
infusion time and use of a standard infusion set [7]. This
new Cremophor EL-free formulation does not require
steroid and antihistamine premedication to prevent hyper-
sensitivity reactions. Furthermore, preclinical studies have
suggested that this formulation may improve drug delivery
into tumors [8]. In phase I trials, nab-paclitaxel has been
administered safely at doses higher than labeled doses for
solvent-based paclitaxel [7]. A phase III trial in patients
with advanced breast cancer showed that administration of
nab-paclitaxel every 3 weeks (q3w) resulted in a signifi-
cantly higher response rate (33 versus 19%, P<0.001) and
longer time to tumor progression (5.8 versus 4.2 months,
P<0.006) compared with q3w solvent-based paclitaxel [9].
A phase II study of nab-paclitaxel at 260 mg/m* q3w in
chemotherapy-naive patients with advanced NSCLC also
revealed single-agent antitumor activity with a response
rate of 16% [10]. Furthermore, weekly administration of
nab-paclitaxel (125 mg/m?) yielded an increased response
rate of 30% in 40 individuals with advanced NSCLC who
had not received prior chemotherapy [11]. More recently, a
dose-finding phase II study demonstrated that nab-paclitaxel
administered weekly was associated with less serious
adverse events when administered q3w, with significant
reductions in the incidence of peripheral neuropathy,
myalgia, arthralgia, and alopecia [12]. In the phase II study,
weekly administration of nab-paclitaxel at 100 mg/m”
combined with carboplatin (area under the curve [AUC], 6)
yielded a response rate of 48% and median progression-fiee
survival of 6.2 months as first-line treatment for advanced
NSCLC [12]. Given the promising efficacy and excellent
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safety of nab-paclitaxel, the combination of weekly nab-
paclitaxel with carboplatin warrants further investigation. To
date, however, pharmacokinetic data for such treatment have
been limited. The primary objective in the present study was
to evaluate the safety of weekly nab-paclitaxel (100 mg/m?)
administered in combination with q3w carboplatin at an
AUC of 6 in Japanese advanced NSCLC without prior
systemic chemotherapy. The secondary objectives were to
determine the pharmacokinetics of paclitaxel after nab-
paclitaxel administration on cycle 1 days 1 (with carboplatin)
and 15 (without carboplatin).

Patients and methods
Patients

Eligible patients were 18 years of age or older with
histologically or cytologically confirmed NSCLC of stage
IIB or IV. They were required to be naive with regard to
chemotherapy for metastatic disease. The eligibility criteria
also included adequate bone marrow, hepatic, and renal
function, an Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1, a life expectancy of >12 weeks, and
radiologically documented measurable disease. Individuals
were excluded if they had evidence of active brain metastasis
or preexisting peripheral neuropathy of grade >2 defined
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE) v3.0, or if they
had received radiotherapy in the previous 4 weeks. Patients
with any other clinically serious concurrent illness were also
excluded.

The study followed the ethical principles in the Decla-
ration of Helsinki, and the study protocol was approved by
the institutional review board of each participating center.
All patients received information regarding the nature and
purpose of the study, and they provided written informed
consent before study-related procedures were performed.

Treatment

The study was conducted to evaluate the safety, tolerability,
pharmacokinetics, and tumor response profile of weekly
nab-paclitaxel at 100 mg/m? and q3w carboplatin at an
AUC of 6 in Japanese patients with advanced NSCLC.
Carboplatin was administered at an AUC of 6 calculated
according to the Calvert formula on day 1 of a 21-day
cycle. Nab-paclitaxel (100 mg/m?) was administered by a
30-min intravenous infusion on days 1, 8, and 15 of each
cycle without steroid or antihistamine premedication to
prevent a hypersensitivity reaction. On days of carboplatin
dosing, patients received the serotonin/5-hydroxytryptamine
receptor 3 (5-HT;) antagonist as antiemetic therapy. A
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