antitumour activity of NK105 was significantly more potent than
that of free PTX, probably because of enhanced tumour exposure
through the EPR effect (Hamaguchi et al, 2005).

We conducted a phase I clinical trial using NK105 in patients
with advanced solid tumours. The objectives of this trial were to
determine the maximum tolerated dose (MTD), the phase II
recommended dose (RD), and the pharmacokinetics of NK105,

PATIENTS AND METHODS

The protocol and all materials were approved by the Institutional
Review Board of the National Cancer Center, Tokyo. This study
was conducted in compliance with the Good Clinical Practice
Guidelines of the International Conference on Harmonization and
the Declaration of Helsinki Principles. Written informed consent
was obtained from all the patients.

Therapeutic agent

NK105 was supplied by Nippon Kayaku Co. Ltd. (Tokyo, Japan) in
20-ml glass vials containing a dose equivalent to 30mg of PTX.
When reconstituted in 10m! of 5% glucose solution and diluted
with a total volume of 250ml of 5% glucose, the reconstituted
solution was stable for 24 h at room temperature. In our preclinical
study, DLS and HPLC analysis showed that less than 2% of PTX
incorporated in the micelles was released for 24h at room
temperature (data not shown).

Figure 1 shows the schematic structure of NK105, a PTX-
entrapped polymeric micelle formulation. The NK105 polymers
were constructed using polyethylene glycol (PEG) as the hydro-
philic component and modified polyaspartate as the hydrophobic
component. PEG is believed to form the outer shell of the micelle,
producing a ‘stealth’ effect that enables NK105 to avoid being
captured by the reticuloendothelial system.

The modified polyaspartate chain is hydrophobic and is believed
to form the hydrophobic inner core of the micelles in aqueous
media. The hydrophobic inner core enables NK105 to entrap a
sufficient amount of PTX. NK105 has a diameter of about 90 nm
(Hamaguchi et al, 2005).

Patients

Patients with solid tumours refractory to conventional chemo-
therapy and for whom no effective therapy was available were
eligible for enrolment in this study, provided that the following
criteria were met: a histologically confirmed malignant tumour; a
“performance status of <2; an age of >20 and <75 years; a normal
haematological profile (neutrophil count >2000mm™>, platelet
count >100000mm™>, hemoglobin >9gdl™'); normal hepatic
function (total bilirubin level <1.5mgdl™', AST and ALT <2.5

PEG outer shell

Biock copolymer

PEG P(Asp)
e PTX

Hydrophobic inner core

Figure | Schematic structure of NKI05. A polymeric micelle carrier of
NKI05 consists of a block copolymer of PEG (molecular weight of about
12000) and modified polyaspartate. PEG is believed to be the outer shell
of the micelle. PEG is believed to form the outer shell of the micelle.
NKI05 has a highly hydrophobic inner core, and therefore can entrap a
sufficient amount of PTX.
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times the upper normal limit); normal renal function (serum
creatinine <1.5mgdl™"); normal cardiac function (New York
Heart Association (NYHA) classification of <1); normal pulmon-
ary function (PaO, > 60 mm Hg); no chemotherapy within 4 weeks
(6 weeks for nitrosourea or mitomycin C) of the administration of
NK105; and a life expectancy of more than 2 months. Patients with
serious infections (including hepatitis B, hepatitis C, or HIV) were
ineligible for enrolment in the study. Patients who had been
previously treated with a taxane were excluded because of
assessing neuropathy. Patients were also excluded if they were
pregnant or lactating. Additionally, any patient whom the
investigators considered ineligible was excluded.

Drug administration

NK105 was dissolved in 5% glucose solution for injection at room
temperature. NK105 was administered intravenously without in-
line filtration and without premedication. NK105 solution was
infused using an electric pump at a speed of 250 mlh ™",

Dosage and dose escalation

The starting dosage of NK105 was 10 mgm ™2, which is one-third of
the toxic dose low in dogs. NK105 was administered once every 3
weeks, and the treatment was continued unless a severe adverse
event or disease progression was observed. Dose escalation was
performed according to the previously described accelerated
titration method (Simon et al, 1997; Matsumura et al, 2004).

Toxicity was graded from 1 to 4 using the National Cancer
Institute Common Toxicity Criteria (version 2.0). Intrapatient dose
escalation was not permitted. The MTD was defined as the level at
which two out of six patients experienced dose-limiting toxicities
(DLTs). The recommended dosage for a phase II trial was defined
by the Efficacy and Safety Assessment Committee based on the
safety, pharmacokinetics, and efficacy results of this trial. DLT was
defined as grade 4 neutropenia lasting more than 5 days, a platelet
count of less than 25000ul™', or grade 3 or higher non-
haematological toxicity, with the exception of nausea, vomiting,
appetite loss, and hypersensitivity.

Pretreatment assessment and follow-up care

A complete medical history and physical examination, perfor-
mance status evaluation, complete blood cell count (CBC), blood
chemistry, urinalysis, electrocardiogram (ECG), and a computed
tomography (CT) examination were performed in each patient.
Other examinations were performed only in the presence of a
specific clinical indication. Patients were physically examined
every day until the second administration of NK105; CBC and
blood chemistry tests were performed on day 3 and weekly
thereafter. An ECG examination was repeated before each
administration of NK105. Tumour marker levels were also
measured before every administration. Tumour response was

evaluated according to the Response Evaluation Criteria in Solid

Tumors criteria (Therasse et al, 2000).

Liquid chromatography/tandem mass spectrometry
determination of PTX concentrations

The PTX concentrations determined in the present phase I study
represented the total drug concentrations (both micelle-entrapped
and released). It was difficult to measure released PTX and micelle-
entrapped PTX separately, because the equilibrium between both
forms could not keep constant during the separating procedure.
PTX was extracted from human plasma (0.2 ml) or urine (0.5 ml)
by deproteinisation with acetonitrile. The quantifications of PTX
in plasma and urine were performed using liquid chromatography/
tandem mass spectrometry. Reversed-phase column-switching
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chromatography was conducted using an ODS column and
detection was enabled by electrospray ionisation of positive mode.

Pharmacokinetic analysis

The following pharmacokinetic parameters were calculated for each
patient using a non-compartmental model using the WinNonlin
Professional version 4.1 program (Pharsight Corporation, Mountain
View, CA, USA). The maximum concentration (C..) was the
maximum observed plasma concentration of PTX, and the time-to-
the-maximum concentration (T,,.,) was the time corresponding to
Cumax- The area under the concentration (AUC)-time curve from
time zero up to the last quantifiable time point (AUGy_,) was
calculated using the linear trapezoidal rule, and the area under the
concentration~time curve from zero until infinity (AUC_;n¢) was
calculated as the sum of AUC,_, and the extrapolated area under the
zero moment curve from the last quantifiable time point to infinity
calculated by dividing the plasma concentration of the last
quantifiable time point (observed value) by the elimination rate
constant. The half-life of the terminal phase (¢,,,z) was calculated as
log. 2/Az, where iz is the elimination rate constant calculated from
the terminal linear portion of the log of the concentration in plasma.
Total clearance (CL.), the volume of distribution at steady state
(V.,), and renal clearance (CL,) were calculated using the following
equations, where D is the dose and AUMC;¢, the area under the first
moment curve from time zero until infinity:

Clix = D/AUCinf»
ss = AUMCins /AUCine X CLot

CL; =cumulative urinary excretion/AUCy¢.
/body surface area

RESULTS

Patient characteristics

Nineteen eligible patients were recruited for the study (Table 1).
All the patients had received chemotherapy before enrolment.
Prior therapies ranged from 1 to 3 regimens of chemotherapy.
None of the patients had received taxane chemotherapy. All the
patients were included in the safety and response analyses.

Dosing

Dosage escalation started at 10mgm™~ and was increased up to
180mgm™2 In total, 73 administrations were performed in 19
patients. Eighteen patients received more than two administra-

Table | Patient charactenistics
Number of patients 19
Male/female 13/6
Age (years)
Median 57
Range 43-72
ECOG PS
Median 0
0 10
| 9
Prior treatment
Chemotherapy regimens
Median !
Range 1-3
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tions. The maximum number of treatments was 14 courses at
150 mgm™?; the average number of administrations at all levels
was 3.8 courses. Up until 80mgm >, grade 2 toxicity was not
observed during the first course.

According to the original protocol, the dosage of NK105 should
have been doubled for each escalation until grade 2 toxicity.
However, the safety committee recommended that the dosage
should be raised by 409 instead of 100% at 110 mgm ™ and thata
modified Fibonacci escalation method should be implemented.
Therefore, we recruited three patients at dosage level 5
(110 mgm’z) and re-started the dose identification study using a
modified Fibonacci method.

Haematological toxicity

Significant myelosuppression was not observed up to level 4
(80mgm™2). At level 7 (180mgm™?), two out of five patients
appeared to have acquired DLTs, namely grade 4 neutropenia
lasting for more than 5 days. On the basis of these results,
180 mgm ™ was considered to be the MTD, with neutropenia as
the DLT. Since a dosage of 150mgm™> was considered to be the
recommended dosage for phase II studies, an additional four
patients were enrolled at a dosage of 150mgm™% one patient
developed DLT, namely grade 4 neutropenia lasting for more than
5 days (Table 2). During the entire period of this study, G-CSF was
never used to rescue patients.

Nonhaematological toxicity

The NK105 injection was generally uneventful and well tolerated in
terms of nonhaematological toxicities (Table 2). Most of the
toxicities were grade 1; none of the patients manifested grade 4
toxicity. A few patients developed a grade 1 elevation in AST or
ALT, but these changes were transient. Pain or local toxicity in the
area of the injection was not observed in any of the patients treated
with NK105. No infusion-related reactions were observed; such
reactions sometimes occur during liposomal drug administration.
Patients were not premedicated with steroids or antihistamines.
Only one patient at 180 mgm ™ developed grade 2 hypersensitiv-
ity. After the first course, the patient received premedication of
hydrocortisone and did not develop such hypersensitivity after
that. The other 18 patients did not experience any hypersensitivity
during the study. Neuropathy occurred in a typical stocking/glove
distribution and was manifested by numbness. Three patients at
level 6 (150mgm™2) and three patients at level 7 (180 mgm™?)
experienced grade 1 neurotoxicity during 1 cycle. Of the four
patients who received multicycle treatment more than five times,
only three patients developed grade 2 neuropathy and the other
patient developed grade 1 neuropathy. Even one patient who
received 14 cycles of treatment experienced only grade 2
neuropathy.

Pharmacokinetics

The plasma concentrations of PTX after the intravenous infusion
of NK105 were determined in each of the patients enrolled at a
dose of 150mgm™? (Figure 2A). The Cpx (Figure 2B) and AUC
(Figure 2C) increased as the doses were escalated from 10 to
180 mgm ™2, The pharmacokinetic parameters are summarised in
Table 3. The t,,,7 ranged from 7.0 to 13.2h, and a slight tendency
towards a dose-dependent extension of this parameter was
observed. The CLy, ranged from 280.9 to 880.4mlh™'m™>, and
the V,; ranged from 3668.9 to 10400.3mlm™>, Although these
parameters were slightly reduced depending on the dose, linear
pharmacokinetics was assumed to have been observed in the dose
range from 10 to 180mgm 2. The AUC of NK105 at 150 mgm™>
(recommended phase II dose) was about 15-fold larger than that of
conventional PTX at dose of 210 mgm™? (conventional dose for a
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Table 2 Haematological and nonhaematblogical toxicities (cycle | and all cycles)

10-110mgm~2? (n=7) grade

150mgm™~2 (n=7) grade 180 mgm™2 (n=7) grade

2 3 4 I

2 3 4 I 2 3 4

Cycle |
Leukopenia
Neutropenia
Thrombocytopenia
Hemoglobin
Neuropathy
Myalgia
Arthralgia
Hypersensitivity
Rash
Fatigue
Fever
Ancrexia
Nausea
Stomatitis
Alopecia

[cN-NoNogo NN R-N-N-N ¥R N Y-
| ooocococoocooco -~
| cocovcooococoooo~0

WO —ON——-0——0———pN

All cycles
Leukopenia
Neutropenia
Thrombocytopenia
Hemoglobin
Neuropathy
Myalgia
Arthralgia
Hypersensitivity
Rash
Fatigue
Fever
Anorexia
Nausea
Stomatitis
Alopecia

N——NWW—O0ON—-N— — —w
NOO—QCOODO—-—0C0O00O0
| cooocoocoocooo00o —~M
| qooooooooooo—'o

N—=WNUN~—~OAWWNNO —

AN—-—NWNWO AW — o~ — —

COOCOOWOOOONONL
| cocoocoocoocooco~—
| coooooocooocoo%

Vi — — e« — D AOQOWNW=-—hAO—
OO0 - 0—00O0 O —
| coo—-~ococooocooww
| cocoooooocoooNo

WOO———WOoOOOWwWuUuo — h
| coooooooocooo—N
| cococoocooocoocoso
#—NN—A-&OLMN-A—AOT-
—oooooo—o—-ooc?o—
| coo-—oooo0o00co0WwWW
| cocococoocoooocomo

*One of three patients developed DLT, namely grade 4 neutropenia lasting for more than 5 days. ®These two patients developed DLT, namely grade 4 neutropenia lasting for

more than 5 days.

3-week regimen in Japanese patients) (Tamura et al, 1995). The V,
and CL,, of NKI105 were significantly lower than those of
conventional PTX.

The cumulative urinary excretion rates of PTX (0-73h) after the
administration of NK105 were 2.8-9.2%. These values were low,
similar to those reported after the administration of conventional
PTX (Tamura et al, 1995). The CL, ranged from 11.7 to
66.4mlh~' m™>, and was slightly decreased with the dose. Since
the ratio of CL, to CL,,, was 3-9%, CL, hardly contributed to CL,.

Therapeutic response

Six patients (two gastric, two bile duct, one colon, and one
pancreatic) were evaluated as having had a stable disease for longer
than 4 weeks at the time of the study’s completion. A partial response
was seen in a patient with metastatic pancreatic cancer who had been
treated at 150 mgm ™7, and in whom the size of the liver metastasis
had decreased by more than 90%, compared to the baseline scan
(Figure 3A). This patient had previously undergone treatment with
gemcitabine. The antitumour response was maintained for nearly 1
year. In a patient with stomach cancer who was treated at
150mgm™2, about 40% reduction was observed in a peritoneal
metastasis, but a liver metastasis remained stable (Figure 3B).

DISCUSSION

The observed toxicities of NK105 were similar to those expected
for conventional PTX. The DLT was neutropenia. The recom-

© 2007 Cancer Research UK

mended phase II dose using a 3-week schedule was determined to
be 150 mg m™ >, This recommended dose of NK105 is less than that
of conventional PTX (210 mg m~2). Since the plasma AUC of the
recommended dose of NK105 was 15- to 20-fold higher than that of
the recommended dose of conventional PTX (210mgm™?),
whether the so-called therapeutic window of NK105 is wider than
that of conventional PTX should be determined in a future phases
II or III trial, although the therapeutic window of NK105 appears
to be wider than that of free PTX in mice experiments (Hamaguchi
et al, 2005).

In general, haematological toxicity was mild and well managed
in this trial. PTX is known to cause cumulative peripheral
neuropathy resulting in the discontinuation of treatment with
PTX. At a dose of 150mgm™>, three out of seven patients
experienced only grade 1 neuropathy during the first cycle. Since
the patients enrolled in this trial had almost intractable cancer,
such as pancreatic or stomach, a relatively small number of
patients received multiple cycles of treatment. Therefore, NK105-
related neurotoxicity could not be evaluated in this study.
However, three out of four patients who received more than five
cycles of treatment experienced transient grade 2 peripheral
neuropathy, and other patient developed transient grade 1
peripheral neuropathy. Future phase II trials may clarify whether
NKI105 is less toxic in terms of peripheral neuropathy when
compared - with conventional PTX, Abraxane, and other PTX
compounds. Another characteristic adverse effect of PTX is
hypersensitivity, which may be mainly caused by Cremophor EL.
Since NK105 is not formulated in a Cremophor EL-containing
solvent, we presumed that hypersensitivity would be diminished.
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Figure 2 (A) Individual plasma concentrations of PTX in seven patients following |-h intravenous infusion of NK105 at a dose of 150 mgm~2 (B)
Relationships between dose and Crn, and (C) between dose and AUCq_ ¢ of PTX in patients following |-h intravenous infusion of NKI105. Regression
analysis for dose vs Cr, Was applied using ail points except one patient at 80 mgm™? whose medication time became || min longer and one patient at
180 mgm ™2 who had medication discontinuation and steroid medication. (Plots were shown as open circle). Regression analysis for dose vs AUCo_jnr was
applied using all points except one patient who had medication discontinuation and steroid medication. (Plot was shown as open circle.) Relationships
between dose and ., and AUCq_ ¢ in patients following conventional PTX administration were plotted (closed square, see Tamura et dl, 1995).

Table 3 Pharmacokinetic parameters

Dose (mgm™?) 0 Cox (ugmi™') AUC, i (ghmi™') tin () Clee (mih™'m™%) V. (mim™?) UE* (%) CL, (mthm™?)

NK105 10 | 0.9797 1.4 9 880.4 10400.3 75 664
20 | 28971 25.1 85 6879 8027 8.6 594
40 | 8.8334 939 132 426.1 53898 52 22
80 | 18.4533 149.3 7 5358 5875.8 4.7 253
110 3 233924 232 9.7 4833 5881.2 76 356
+56325 +39.1 +16 +827 +15120 +17 +69
150 7 40.1699 3698 106 408.6 4527.1 53 216
+55334 +352 +13 +373 +639.5 +15 +65
180 4b 45.6278 4545 1.3 4165 49834 59 237
+86430 +119.1 106 +1047 +887.5 +14 +42

*UE, urinary excretion. "One patient at 180 mg m~2 level was omitted from the calculation of summary pharmacokinetic parameters, as there was administrating interruption for
developing allergic reactions.

Indeed, the results of this clinical trial show that NK105 can be
administered safely as a short infusion (1h) without the

The pharmacokinetic analysis of NK105 suggests that the
distribution of PTX-incorporating micelles is mostly restricted to

administration of antiallergic agents like dexamethasone and
antihistarnine, although one patient at 180mgm~ developed
transient grade 2 hypersensitivity at the first course. Therefore,
NK105 may offer advantages in terms of safety and patient
convenience and comfort.

British Journal of Cancer (2007) 97(2), 170-176

the plasma and, in part, to extracellular fluids in the body. This is
consistent with data obtained in a preclinical study (Hamaguchi
et al, 2005) showing that the distribution of NK105 in tissues is
characterised by an EPR effect, similar to that of tumour and
inflammatory lesions, or by the presence of a reticuloendothelial
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Figure 3 Serial CT scans. (A) A 60-year-old male with pancreatic cancer who was treated with NKI05 at a dose level of 150mgm 2 Baseline scan
(upper panels) showing muttiple metastasis in the liver. Partial response, characterized by a more than 90% decrease in the size of the liver metastasis (lower
panels) compared with the baseline scan. The antitumour response was maintained for nearly | year. (B) A 64-year-old male with stomach cancer who was
treated with NKI05 at a dose level of [50mgm™2 Baseline scan (left panel) showing a peritoneal metastasis and liver metastasis. About 40% reduction
(right panel) was observed in peritoneal metastasis, but not in the liver metastasis after fith course.

Table 4 Pharmacokinetic parameters

Dose (mgm™) n Cpp (pgml™’') AUC, i (1gh™'miI™') t2 (h) Clee (MIh"'m~%) V, (mim™?) UE (%) CL,(mlhm™?)

NKI105 150 7 40.1699 369.8
+55334 +352

PTX 210 5 6.744 23.18
+2733 +10.66

XYOTAX? 233 4 NA 1583
+572

Abraxane 300 5 13.52 17.61
+095 +3.70

Genoxol-PM 300 3 3.107 11.58
+1.476 +428

10.6 408.6 4527.1 53 216
i3 +373 +639.5 +15 +65
133 10740 58900 9.45 1020
T15 +4860 +24700 +376 +648
120 276 6200 NA NA

+28 T63 +2100

14.6 17700 370000 NA NA
+204 +3894 +85100

H.4 29300 NA NA NA
+24 413800

*Conjugated taxanes.

system. When compared with conventional PTX at a dose of
210mgm > (conventional dose for a 3-week regimen in Japanese
patients), NK105 at a dose of 150 mgm™2 (recommended phase I
dose) exhibited more than 15-fold larger plasma AUC and a 26-
fold lower CL.,. The larger plasma AUC is consistent with the
stability of the micelle formulation in plasma. The V,; of NK105
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was 13-fold lower than that of conventional PTX. This suggests
that PTX may have a relatively lower distribution in normal tissue,
including normal neural tissue, following NK105 administration.
Regarding the drug distribution in tumours, nanoparticle drug
carriers have been known to preferentially accumulate in tumour
tissues utilising the EPR effect (Matsumura and Maeda, 1986;
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Maeda et al, 2000; Duncan, 2003). We speculate that NK105
accumnulates more in tumour tissues than free PTX, since NK105 is
very stable in the circulation and exhibits a markedly higher
plasma AUC than free PTX. Moreover, a polymeric micelle carrier
system for a drug has the potential to enable the sustained release
of the drug inside a tumour following the accumulation of micelles
in the tumour tissue (Hamaguchi et al, 2005; Uchino et al, 2005;
Koizumi et al, 2006). Regarding NK105 in particular, this sustained
release may begin at a PTX-equivalent dose of <1 ugml™' (data
not shown). Consequently, the released PTX is distributed

‘throughout the tumour tissue where it kills the cancer cells directly.

In the present study, NK105 appeared to exhibit characteristic
pharmacokinetics different from those of other PTX formulations
including conventional PTX, Abraxane, Genexol-PM, and Xyotax.
For example, previous clinical PK data at each phase II
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recommended dose shown that plasma AUC and C,,x were 11.58
and 3.1 in Genexol-PM (Table 4). The antitumour activities seen in
two patients with intractable cancers are encouraging. In addition,
we recently demonstrated in preclinical study that combined
NK105 chemotherapy with radiation exerts a significantly more
potent antitumour activity, compared with combined PTX therapy
and radiation (Negishi et al, 2006). This data on NK105 justifies its
continued clinical evaluation.
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Irinotecan pharmacokinetics/pharmacodynamics and
UGT1A genetic polymorphisms in Japanese: roles of

UGT1A1*%6 and *28

Hironobu Minami?, Kimie Sai®°, Mayumi Saeki®, Yoshiro Saito®¢,

Shogo Ozawa®®, Kazuhiro Suzuki®, Nahoko Kaniwa®', Jun-ichi Sawada®9,
Tetsuya Hamaguchi®, Noboru Yamamoto®, Kuniaki Shirac?, Yasuhide Yamada®,
Hironobu Ohmatsu”, Kaoru Kubota”, Teruhiko Yoshida', Atsushi Ohtsu/

and Nagahiro Saijo*

Objectives SN-38, an active metabolite of irinotecan, is
detoxified by glucuronidation with UGT1A isoforms, 1A1,
1A7, 1A9, and 1A10. The pharmacogenetic information on
UGT1A haplotypes covering all these isoforms is important
for the individualized therapy of irinotecan. Associations
between UGT71A haplotypes and pharmacokinetics/
pharmacodynamics of irinotecan were investigated to
identify pharmacogenetic markers.

Methods Associations between UGT7A haplotypes and the
area under concentration curve ratio (SN-38 glucuronide/
SN-38) or toxicities were analyzed in 177 Japanese cancer
patients treated with irinotecan as a single agent or in
combination chemotherapy. For association analysis,
diplotypes of UGT1A gene segments [(1A1, 147, 1A9, 1A10),
and Block C (common exons 2-5)] and combinatorial
haplotypes (1A9-1A7-1A1) were used. The relationship
between diplotypes and toxicities was investigated in 55
patients treated with irinotecan as a single agent.

Results Among diplotypes of UGT7A genes, patients
with the haplotypes harboring UGT1A71*6 or *28 had
significantly reduced area under concentration curve ratios,
with the effects of UGT1A71*6 or *28 being of a similar
scale. A gene dose effect on the area under concentration
curve ratio was observed for the number of haplotypes
containing *28 or *6 (5.55, 3.62, and 2.07 for O, 1, and 2
haplotypes, respectively, P<0.0001). In muitivariate

Introduction

Irinotecan, an anticancer prodrug, is widely applied for
colorectal, lung, stomach, ovarian, and other various
cancers. It is activated by carboxylesterases to SN-38
(7-ethyl-10-hydroxycamprothecin), which shows antitu-
mor activity by inhibiting topoisomerase I [1,2]. SN-38 is
subsequently glucuronidated by uridine diphosphate
glucuronosyltransferases (UGL) to form an inactive
metabolite, SN-38 glucuronide (SN-38G) [3]. Dose-
limiting toxicities of irinotecan are diarrhea and leukope-
nia [4], and reduced activity for SN-38G formarion is
closely related to severe toxicities [5]. Among UGT

1744-6872 © 2007 Lippincott Williams & Wilkins

analysis, the homozygotes and double heterozygotes of
*6 and *28 (*6/*6, *28/*28 and *6/*28) were significantly
associated with severe neutropenia in 53 patients who
received irinotecan monotherapy.

Conclusions The haplotypes significantly associated with
reduced area under concentration curve ratios and
neutropenia contained UGT71A7*6 or *28, and both of them
should be genotyped before irinotecan is given to Japanese
and probably other Asian patients. Pharmacogenetics and
Genomics 17:497-504 © 2007 Lippincott Williams & Wilkins.
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isoforms, UGT1A1l is abundant in both the liver and
intestine and is thought to be mainly responsible for
inactivation of SN-38 [3,6]. Genetic polymorphisms of
UGTIAI result in reduced enzyme activity and increased
toxicity by irinotecan. A significant association of
UGT 1A1¥28, a repeat polymorphism of the TATA box
(-40_-39insTA) [3,7], with severe irinotecan-induced
diarrhea/leukopenia was first reported in a retrospective
study of Japanese cancer patients [8]. Subsequent
pharmacogenetic studies in Caucasians have shown close
associations of *28 with reduced glucuronidation of SN-
38 and/or severe necutropenia/diarrhea [9-12]. These
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studies have clearly indicated that *28 is a good genetic
marker for individualized irinotecan therapy. On the basis
of these observations, the Food and Drug Administration of
the United States has approved an amendment of the label
for Camprosar (irinotecan HCI) and added a warning to
consider a reduction in the starting dose of irinotecan for *28
homozygous patients (NDA 20-571/5-024/S-027/S-028).

There is significant racial difference in UGTIAI poly-
morphisms among Asians, Caucasians, and Africans [13].
Although the association of UGT 147*28 with toxicities by
irinotecan was first described in Japanese patients, its
frequency in Japanese is one-third of that in Caucasians.
Another low-activity allele *6 [211G >A(G71R)], which
is not detected in Caucasians or Africans, is as frequent as
the *28 allele in Japanese. Moreover, the area under
concentration curve (AUC) ratio of SN-38G to SN-38 was
decreased in patients having *6 haplorypes [14].

In addition to UGTI1Al, recent studies have suggested
possible contributions to SN-38G formation by UGT1A7,
1A9, and 1A10 ([15-17], which are expressed in the
gastrointestinal tract, the liver and intestine, and extrahepatic
tissues, respectively [18]. Altered activity resulted from
genetic polymorphisms of these isoforms, including 747*3
[387T > G(N129K), 391C > A(R131K), 622T >C(W208R)],
14922 (-126_-118Ty > Ty), 149*5 [766G >A(D256N)],
and UGTIA10*3 [605C > T(T2021)], but clinical rele-
vance of these polymorphisms is yet to be elucidated
[16,19-24]. Moreover, close linkages among 149, 147, and
141 polymorphisms were found in Caucasians and Asians
in an ethnic-specific manner [20,25-27]. Therefore,
comprehensive investigation that covers these genes,
along with linkages among the polymorphisms, is needed,
in each ethnic population, to evaluate associations
between the genetic polymorphisms and pharmacoki-
netics, as well as clinical outcomes of irinotecan therapy.

Recently, we have analyzed the segmental and block
haplotypes of 148, 1410, 149, 147, 146, 144, 143 and 141,
and the common exons 2-5 (Block C) in a Japanese
population, including the 177 cancer patients treated with
irinotecan, and showed close linkages between the
haplotypes, that is, /49*22 and 147*1, 1A7*3 and 141%6,
and JA7*3 and 1471*28 [28]. Preliminary results
of UGTIAl pharmacogenetics on 85 of these cancer
patients were reported previously [14]. In the current
study, we investigated the pharmacogenetics of irinotecan,
focusing on diplotypes of the UGTIA4 complex covering 141,
147, 149, 1410, and Block C (exons 2-5) of 177 patients, so
as to elucidate haplotypes or genetic markers associated
with altered glucuronidation of SN-38 and toxicities.

Methods

Patients and treatment schedule

Patients with cancers who started chemotherapy with
irinotecan at two National Cancer Center Hospitals
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(Tokyo and Kashiwa, Japan) were eligible if they had
not received irinotecan previously. Other eligibility
criteria included bilirubin < 2 mg/dl, aspartate amino-
transferase (GOT) < 1051U/, alanine aminotransferase
(GPT) < 1201U/, creatinine < 1.5mg/dl, white blood
cell count > 3000/ul, performance status of 0-2, and at
least 4 weeks after the last chemotherapy (2 weeks for
radiotherapy). Exclusion criteria were diarrhea, active
infection, intestinal paralysis or obstruction, and inter-
stitial pneumonitis. The ethics committees of the
National Cancer Center and the National Institute of
Health Sciences approved this study, and written
informed consent was obtained from all participants.

Irinotecan was administered as a single agent or in
combination chemotherapy at the discretion of attending
physicians. Doses and schedules were according to
approved usage in Japan; intravenous 90-min infusion at
a dose of 100 mg/m* weekly or 150 mg/m?® biweekly. In
terms of combination chemotherapy, the dose of irinote-
can was reduced according to clinical protocols.

Genetic polymorphisms of UGT1As and
pharmacokinetics

Detailed assay methods for genotypes of the UGTI4 gene
complex were reported previously [14,28]. In this study,
we focused on the genetic variations in UGTIAI, 147,
149, and 1410 and common exons 2-5, as they have been
reported to contribute to the SN-38 glucuronidation.
Haplotype analysis covering these regions was performed
in our previous study [28], and haplotypes of each UGTIA4
segment [exon 1 for 141, 147, 149, or 1A10; and Biock C
(common exons 2-5)] are summarized in Fig. 1.

Pharmacokinetic analysis for irinotecan was performed as
described previously [14]. Briefly, heparinized blood was
collected before administration of irinotecan, as well as 0 and
20 min, and 1, 2, 4, 8, and 24 h after termination of the first
infusion of irinotecan. Plasma concentrations of irinotecan,
SN-38 and SN-38G were determined by the high-perfor-
mance liquid chromatography [29], and AUC was calculated
by the trapezoidal method using WinNonlin version 4.01
(Pharsight Corporation, Mountain View, California, USA).
Associations between genotypes and the AUC ratio (AUC of
SN-38G/AUC of SN-38) were evaluated in 176 patients.

Monitoring and toxicities

A complete medical history and data on physical
examinations were recorded before the irinotecan ther-
apy. Complete blood cell counts with differentials and
platelet counts, as well as blood chemistry, were
measured once a week during the first 2 months of
irinotecan treatment. Toxicities were graded according to
the Common Toxicity Criteria of National Cancer
Institute version 2. Association of genetic factors with
irinotecan toxicities was analyzed primarily in patients
who received irinotecan as a single agent.
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Haplotypes of UGTTA gene segments (UGT1A1, 1A7, 1A9, 1A10, and Block C) in 177 Japanese cancer patients. The tagging variations and
haplotypes are shown. Variant alleles are indicated in grey. Definition of Block C haplotypes in our previous paper ({14]) (corresponding to Block 2)

were slightly modified.

Statistical analysis

Statistical analysis on the differences in the AUC ratios
(SN-38G/SN-38) among UGTIA genotypes was performed
using the Kruskal-Wallis test, followed by nonparametric
Dunnett’s multiple comparison test, or with Wilcoxon test.
Analysis of a gene—dose effect of each haplotype was
performed using the Jonckheere=Terpestra test in the SAS
system, version 5.0 (SAS Institute, Cary, North Carolina,
USA). Relationship of UGTIA genetic polymorphisms to
the toxicities of irinotecan was assessed by the ¥ test via
the use of using Prism version 4.0 (GraphPad Prism
Software, San Diego, California, USA). The P-value of 0.05
(two-tailed) was set as a significant level, and the

multiplicity adjustment was conducted for pharmacoki-
netics data with the false discovery rate [30].

To identify factors associated with the log-transformed
AUC ratio of SN-38G/SN-38, multiple regression analysis
was performed using age, sex, body surface area, dosage of
irinotecan, history of smoking or drinking, performance
status, coadministered drugs, serum biochemistry para-
meters at baseline, and [49-147-141 and Block C
haplotypes (five or more chromosome numbers) or
‘141*6 or *28. For multiple regression analysis of
neutropenia, variables included the absolute neutrophil
count at baseline and the dosing interval, in addition to
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the other patient background factors described above.
The multivariate analyses were performed by using JMP
version 6.0.0 software (SAS Institute). The variables in
the final models for both AUC ratio and neutropenia were
chosen by forward and backward stepwise procedures at
significance levels of 0.25 and 0.05, respectively.

Results

Patients and UGT1A haplotypes

Patient demographics and information on the treatment
are summarized in Table 1. In addition to UGTI1Al,
UGT1A7, 1A9, and 1A10 were also reported to glucur-
onidate SN-38 [15-17]. In our previous study, haplotype
analysis covering the 749 to 141 (5-3') gene segments
was conducted, and the combinatorial diplotypes
(1A49-147-1A41) of the patients were determined. It must
be noted that close linkages between 149*22 and 147*1,
between 14A7*2 and 1A47*60, and between [47*3 and
141*6 or 141*28 were observed as described previously
[28]. To clarify the linkages between these segmental
haplotypes (749, 147, and 141), we grouped the
combinatorial (/A9-147-141) haplotypes into four cate-
gories (A-D) based on the 747 haplotypes (*7, *6, *60,
and *28). Each group was further divided into the
subgroups based on the previously defined Block 9/6
(including 149, 147, and 146) haplotypes (Table 2). The
frequency of Group B haplotypes (B/-B4) harboring
1A1*6 was 0.167 and higher than that of Group D
haplotypes (D7-D6) with *28 (0.138) in this population.

Association of 1A9-1A7-1A1 diplotypes to SN-38G formation
When relationship between the UGT14 diplotypes (149-
1A7-141) and the SN-38G/SN-38 AUC ratio was analyzed

Table 1 Characteristics of Japanese cancer patients in this study

No. of participants

Age

Mean/range 60.5/26~78 177
Sex

Male/female 135/42
Performance status 0/1/2 84/89/4

Combination therapy and tumor type
(initial dose of irinotecan; mg/m?)

Irinotecan monotherapy Lung (100) 21
Colon (150) 28
Others (100) 7
With platinum-containing Lung (60) 58° 48 [60]°
drug® Stomach (70) ] 9 [80]°
Others (60) 5 5 [80]°
With 5-fluorouracil Colon (100 or 150) 34
(including tegafur) Others (90 or 100) 2
With mitomycin-C Stomach (150} 10
Colon (150) 1
With amrubicin Lung (60) 2
Previous treatment
Surgery Yes/no 85/92
Chemotherapy Yes/no 97/80
Radiotherapy Yes/no 26/151
Smoking history Yes/no 29/148

®Cisplatin, cisplatin plus etoposide or carboplatta.

"Two and eight patients received cisplatin and etoposide and carboplatin,
respectively.

°Number of cisplatin-administered patients [initial dose of cinlatin (mg/m’) is
shown in brackets].
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in the 176 cancer patients the AUC ratio for the
diplotypes of B2/B2, D2/A1, and DI/B2 was statistically
significantly lower than the A7/A! diplotype (Fig. 2).
These diplotypes harbored 747*6, *28 or both. Significant
gene—-dose effects of B2 (among 41/A1, B2/A1, and BZ/B2)
and C3 (among AI/Al, C3/A1, and (3/C3) were also
observed (Fig. 2). As no significant differences in AUC
ratios were observed between DI/A1 and D2/Al, D1/C3
and DZ2/C3, and DI1/B2 and D2/B2, the haplotype
combination [A49*1-1AT*3 or 1A9%22-1A7*1 was not
influential on the AUC ratio.

As the effect of diplotypes harboring UGTIA! polymorphism
was prominent, we grouped the whole gene (149-147-141)
diplotypes according to the 747 diplotypes (the upper part of
Fig. 2). Patients with *6 or *28 (except for *28/*28)
haplotypes had significantly lower AUC ratios than the
wild-type (*7/*1), and significant gene-dose effects were
observed for *28 (among *1/*1, *28/*1, and *28/*28) and *6
(among *1/*1, *6/*1 and *6/*6). A significant additive effect
of *6 and *28 on the decreased AUC ratio was also observed
when the values for *28/*1 were compared with those for
*28/*6 (Fig. 2 and Table 3).

Regarding other polymorphisms, a statistically nonsignificant
tendency to decrease the AUC ratio was observed for *60

Table 2 Combinatorial haplotypes covering UGT1A9, UGT1A7, and
UGT1A1

Block haplotype® Combination Cancer
of segmental patients
haplotypes
Haplotype Block Block Block  1Ag8-1A7- nE Frequency
9/6 4 3/1 1A1
A1° * *1 * *20-*1-*1 189 0.534
* *3 *
A3 i *1 * *1-*2-%1 2 0.006
A2 * *1 * *1-*3-*1 1 0.003
A4 v *1 * *22-*3-*1 1 0.003
A5 *T11-%1-*1 1 0.003
B2° * *1 *l
* *1 Vi *1-*3-*6 47 0.133
* *4 Vi
B4 v *1 * *22-*3-*6 6 0.017
B1 “l *1 * *22-*1-%6 5 0.014
*l *1 Vi
B3 *1 *1 * *1-*2-*%6 1 0.003
c3° *i *3 v
*i *1 v
*i *3 hd'4 *1-*2-*60 44 0.124
*il *1 *V
Ci * *3 *v *22-*1-*60 5 0.014
* *1 i
C2 * *3 v *1-*3-*60 0.006
Cc7 Vil *3 v *22-*2-*60 1 0.003
D1 * *1 */la *22-*1-*28 23 0.065
* *1 *lic
D2 * *1 */la
* *3 *lla *1-*3-*28 22 0.062
I *1 *lic
Dé *Vvi *1 */ib *1-*2—*28 4 0.011
Total 354 1.000

#Block haplotypes described in Ref. [28] are shown for reference. 1A9 and 1A7
are included in block 9/6 and 1A7 is included in block 3/1.

®Number of chromosomes.

“Major combinatrial haplotypes.
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The association of UGT7A diplotypes with the reduced area under concentration curve ,(.’AUC) ratio (SN-38G/SN-38) in 176 Japanese cancer
patients who received irinotecan. The whole gene (1A9-1A7-1A1) diplotypes are shown below the abscissa and the UGT1A7 diplotypes are
indicated in the upper part of the figure. Each point represents a patient value, and the median is indicated by a bar. Significant reductions in the AUC
ratio were detected in the B2/B2, D2/A1, and D1/82 compared with A1/A1 for the whole gene diplotypes [Kruskal-Wallis test (P=0.0009)
followed by Dunnett's multiple comparison test]. As for the 7A17 diplotypes, significant reductions were detected in the *6/* 1, *6/*60, *6/*6,
*28/*1, *28/*60, and *28/*6 compared with the *1/*7 group [Kruskal-Wallis test (P<0.0001) followed by Dunnett's muitiple comparison test].
Gene-dose effects on the reduced AUC ratio were significant for *6 and *28 {Jonckheere~Terpestra test). A significant additive effect of *6 on the
reduced AUC ratio by *28 was detected by comparing *28/*1 and *28/*6. *P<0.05 and °P<0.01 against A1/A1 ?roup (Dunnett’s multiple

comparison test); °P<0.05, P<0.01, and ®P&<0.001 against the *7/*1 group (Dunnett’s multiple comparison test

tP<0.05, 9P<0.001, and

"P<0.0001 (Jonckheere-Terpestra test for gene~dose effect); 'P<0.01 (Wilcoxon test).

(P =10.1134). No significant effects on the AUC ratio were
observed for Block C (exon 2-5) haplotypes or rare variations
including 74170 (*27; *2, or *3) and 149 (*5, *T11).

Multiple regression analysis of the area under
concentration curve ratio

We further assessed the impact of UGT74 genetic factors
on the AUC ratio by multiple regression analysis. First, we
used the 149-147-141 and Block C haplotypes as genetic
factors. The AUC ratio was significantly associated with
the haplotypes B2, DI, and D2 and serum biochemistry
parameters indicating hepatic or renal function before
treatment. The Groups B and D haplotypes harbor 747*6
and *28, respectively. The dependency on specific 747 or
149 polymorphisms, however, was not obtained, consider-
ing the contributions of both D7 and D2. As 141*6 and
*28 are mutually exclusive and their effects are compar-
able, we grouped 747*6 and *2§ into the same category in
the final multiple regression model (Table 4). The final
model confirmed the significant contribution of this
genetic marker (¥*6 or *28) to the AUC ratio.

Effects of the genetic marker ‘*6 or *28’ on pharmaco
kinetic parameters

Then, a dose effect of the genetic marker “*6 or *2§
on pharmacokinetic parameters was further analyzed

Table 3 AUC ratio of SN-38 glucuronide to SN-38 for UGTIA/
diplotypes :

AUC ratio

Diplotype Number of Median Interquartile P-value®

patients range vs. *1/%1)
*1/*1 55 6.13 4.72-7.79
*1/*60 25 5.04 3.85-6.52 0.9803
*60/*60 5 448 2.57-12.74 0.8141
*6/*1 32 4,03 2.74-5.97 0.0126
*6/*60 9 284 2.09-4.33 0.0021
*6/*6 5 1.19 1.06-3.74 0.0012
*28/*1 26 3.65 2.76-5.21 0.0040
*28/*60 8 3.44 2.68-4.40 0.0261
*28/*6 7 2.03 1.65~-3.26 <0.0001
*28/*28 4 3.65 2.05-4.92 0.2322

AUC, area under concentration curve.
#Dunnett's multiple comparison test.

(Fig. 3). Patients with one haplotype harboring either
*6 or *28 (*6/*1, *6/*60, *28/*1, and *28/*60) had lower
SN-38G/SN-38 AUC ratios (median, 3.62; interquartile
range, 2.74-5.18) than patients without *6 or *28 (*1/*1,
*60/*1, and *60/*60) (5.55, 4.13-7.26), and patients with
two haplotypes harboring *6 or *28 (*6/*6, *28/*28, and
*28/*6) had the lowest AUC ratio (2.07, 1.45-3.62)
(P < 0.0001, Fig. 3a). Similarly, the number of the *¢
or *28-containing haplotypes affected the AUC ratios of
SN-38 to irinotecan (Fig. 3b). When the correlations

~625-



Pharmacogenetics and Genomics 2007, Vol 17 No 7

between irinotecan dosage and the AUC of SN-38 were
tested, different correlations were obtained according to
the number of the haplotypes (Fig. 3c). The slope of
regression line for one and two haplotypes harboring *6 or
*28 was 1.4-fold and 2.4-fold greater, respectively, than
that for the diplotype without *6 or *26.

Associations of UGT1A1 genetic polymorphisms with
toxicities

Association between genetic polymorphisms and toxici-
ties was investigated in patients receiving irinotecan as a
single agent. One patient was referred to another hospital
3 days after the first administration of irinotecan without
evaluating toxicities and was lost in terms of follow-up.
Therefore, association between genetic polymorphisms
and toxicities was investigated in 55 patients. Six (11%)
and 14 (25%) patients experienced grade 3 or greater
diarrhea and neutropenia, respectively. As for the /49-
147-141 diplotypes, a higher incidence of grade 3 or
greater neutropenia was observed in DI/B2 (1A1*28/*6)
(100%, » = 3) than in A1/AI (11.8%, n=17) (P = 0.0088,
Fisher’s exact test), indicating clinical impact of the
genetic marker 747*6 or *28. As for the dose effect of ‘*6
or *28, incidences of grade 3 or 4 neutropenia were 14,
24, and 80% for 0, 1, and 2 haplotypes harboring these
markers, respectively (Table 5). A significant association
between ‘*6 or *28’and neutropenia was also observed for
62 patients who received irinotecan in combination with
cisplatin (Table 5). No association, however, was observed
between diarrhea and the marker “*6 or *28°.

Muttivariate analysis for irinotecan toxicities

We further evaluated the effect of the genetic marker ‘*6
or *28 on neutropenia in multivariate analysis, and
confirmed a significant correlation of “*6 or *28 with
the nadir of absolute neutrophil counts (Table 6).
Elevated alkaline phosphatase levels and the absolute
neutrophil count at baseline were also significant.

Discussion
The association study with the 749-147-141 diplotypes
revealed that the reduction in inactivation of SN-38, as well

Table 4 Multiple regression analysis toward the AUC ratio
(SN-38G/SN-38)°

Variable Coeffi-  Fvalue Pwalue R? Intercept N
cient
0.410 0.8869 176
*6 or *28 -0.189 70.2  <0.0001
Age 0005 888 0.0033
Serum albumin level® -0.136 9.92 0.0019
Serum GOT 0.070 8.88 0.0033
and ALP°
Serum creatinine® 0.210 7.23 0.0079

ALP, alkaline phosphatase; AUC, area under concentration curve.

®The values after logarithmic conversion were used as an objective variable.
®The absolute value (g/dl) before irinotecan treatment.

°Grade 1 or greater scores in both serum GOT and ALP before irinotecan treatment.
“Grade 1 or greater scores in serum creatinine before irinotecan treatment.
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as neutropenia, was dependent on the Groups B and D
haplotypes which corresponded to the 147*6 and *28
segmental haplotypes. Also, multivariate analyses clearly
showed clinical significance of the genetic marker “*6 or *28
for both pharmacokinetics and toxicity of irinotecan in
Japanese patients (Tables 3 and 6). UGTIA7*6 and *28 were
mutually exclusive [14] and contributed to the reduction in
glucuronidation of SN-38 to the same extent. Therefore,
the activity of SN-38 glucuronidation in individuals
depended on the number of the haplotypes harboring *6
or *28. Although the role of 147*28 for irinotecan toxicity
has been focused on [8-12], this study strongly suggests
that *6 should be tested in addition to *28 before starting
chemotherapy with irinotecan in Japanese patients.

The clinical importance of *6 for neutropenia by
irinotecan was also supported by a recent report in
Korean patients who received irinotecan and cisplatin [31].
Although no patients with irinotecan as a single agent were
homozygous for *6¢ in our study, clinical significance of the
double heterozygote, *6/*28, was clearly demonstrated.
Among patients treated with irinotecan in combination
chemotherapy, the majority of patients received platinum
agents in our study. A significant association of “*6 or *28
with a higher incidence of grade 3 or 4 neutropenia was also
observed in patients who received irinotecan and cisplatin
(Table 5). These findings further support the necessity of
testing “*6 or *28 before irinotecan is given to patients.

As possible enhancement of toxicities by the *27 allele was
suggested [8], we evaluated the effect of the *28%
haplotype, ‘which had an additional single-nucleotide
polymorphism [*27; 686C > A(P229Q)] to the *28 allele
(-40_-39insTA). In our cohort of patients, there were three
*28¢ heterozygotes (¥*28/*1) and one double heterozygote
(*28b/*28c). The values of the AUC ratio were within the
range of variations of the *28 group, and no additional
impact of *28¢ was observed in relation to toxicities.

Although the decreasing trend of the AUC ratio for
147*60 (and combinatorial haplotype C3) was observed
(Fig. 2), the contribution of 747*60 to toxicities was not
clearly demonstrated in this study as reported in the
Japanese retrospective study [32].

In addition to UGT1ALl, recent studies have suggested
possible contributions of UGT1A7, 1A9, and 1A10 to SN-
38G formation [15-17]. An in-vitro study demonstrated
that 7473 [387T > G(N129K), 391C> A(R131K),
622T > C(W208R)] had reduced activity in terms of
SN-38G formation [16]. Results of clinical studies,
however, on the association between /47 polymorphisms
and irinotecan toxicity/efficacy are inconsistent, whereas
different populations with different combination thera-
pies were used [19,20]. Furthermore, it was reported that
the UGTIA7 polymorphisms (*2 and *3), which were
linked to 749*1, were associated with a lowered incidence
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Table 5 Association of UGT1A1*6 and *28 with irinotecan
toxicities

Table 6 Multiple regression analysis of the nadir of absolute
neutrophil counts in the patients with irinotecan monotherapy

Diplotype Number of Diarrhea Neutropenia Variable Coeffi- F-value  P-value R? Intercept N
(+ =*6or *28) patients (grade 3) (grade 3 or 4} cient
Irinotecan monotherapy 0.3942 643 53
-/- 21 3 (14.3%)° 3 (14.3%) Serum ALP? -3499 12.2 0.0010
+/- 29 2 (6.90%) 7 (24.1%) Neutrophil 0.2466 13.5 0.0006
+/+ 5 1 (20.0%) 4 (80.0%) count before
Pvalue® 0.8500 0.0117 irinotecan
P-value® 0.3889 0.0124 treatment
With cisplatin *6or *28 -369.1 6.40 0.0146
-/- 35 1 (2.9%) 20 (57.1%)
+/- 20 2 (10.0%) 14 (70.0%) ®Grade 1 or greater scores of serum ALP before irinotecan treatment.
+/+ 7 1 (14.3%) 7 (100%)
P-value® 0.1747 0.0315 polymorphisms were found in Caucasians and Asians in an
P-value® 0.3886 0.0863

*Percentage of the patient number in each diplotype is indicated in parentheses.
bChi-squared test for trend.
“Fisher's exact test, (—/- and +/-) vs, +/+.

of diarrhea in the irinotecan/capecitabine regimen, in
which diarrhea was a major toxicity [20]. A highly
frequent allele 749*22 with an insertion of T into the
nine Trepeats in the promoter region (-126_-118Ty > Tyg)
was shown to have an enhanced promoter activity in an in-
vitro reporter assay [21], whereas 1A9 protein expression
levels did not change in the clinical samples [22]. Rare
variations, 7A49*5 [766G > A(D256N)] and UGTIAI0*3
[605C > T(T202I)], were shown to cause reduced activity
in witro, but their clinical importance is still unknown
[23,24]. Moreover, close linkages among 749, 147, and 141

ethnic-specific manner [20,25-28].

Our study also revealed close linkages between 749*22
and /A7*1, 1A7*3 and 147%*6 or *28 {28]. This fact makes
it difficult to draw firm conclusions about the effects of
147*3 and 149*22 themselves. It is, however, reasonable
to conclude that the degree of neutropenia depends on
the activity of UGT1A1, because UGT1Al is a major
UGT1A enzyme in the liver and plays a primary role for
regulating plasma concentrations of SN-38.

Taken together, for practical application to individualized
irinotecan therapy, genotyping of UGTIAI*6 and *28
would be beneficial and necessary in Japanese cancer
patients to avoid severe adverse reactions. The frequency
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of homozygotes for “*6 or *28 (namely, *6/*6, *6/*28, and
*28/*28) is approximately 10%, which is comparable to
the frequency of *28 homozygotes in Caucasian popula-
tions. In our study, it may be difficult to establish definite
guidelines for dose reductions of irinotecan for patients
homozygous for ‘*6 or *28. Considering, however, 2.4-fold
steep relationship between the dose of irinotecan and the
AUC of SN-38 for patients homozygous for ‘*6 or *2§
" compared with patients without “*6 or *28 (Fig. 3c), the
dose for patients homozygous for ‘*6 or *28 should be
reduced to a half of the dosage recommended for other
patients. Prospective studies are necessary to confirm the
validity of the recommendation for dose reduction in
Japanese cancer patients homozygous for ‘*6 or *28.
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Abstract Hereditary hemorrhagic telangiectasia (HHT)
is an autosomal dominant disorder causing vascular dys-
plasias. About 70-80% of HHT patients carries mutations
in ENG or ACVRLI genes, which code for a TGFp receptor
type III and I respectively. Molecular data on a large cohort
of Italian HHT patients are presented, discussing the sig-
nificance of missense and splice site mutations. Mutation
analysis in ENG and ACVRLI genes was performed using
single strand conformation polymorphisms (SSCP), dena-
turing high performance liquid chromatography (DHPLC)
and subsequent direct sequencing. Overall, 101 mutations
were found, with ACVRLI involved in 71% of cases. The
highest number of mutations (28/101 subjects, 14/76 dif-
ferent mutations referring to both genes) was in ACVRLI,
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exon 3. Mutation analysis was then extended to a total of
356 family members, and 162 proven to carry the mutation.
New polymorphisms were identified in both genes, and
evidence that ENG P131L change is not a disease-causing
mutation was also provided. An in silico analysis was
performed in order to characterize splice-site mutations.
These results were compared to other European national
studies and data from Italy, France and Spain were con-
sistent for an higher incidence of ACVRLI mutations.

Keywords Hereditary hemorrhagic telangiectasia -
HHT - ACVRLI mutation - ENG mutation

Introduction

Hereditary hemorrhagic telangiectasia (HHT; Mutation
Database:  http://137.195.14.43/cgi-bin/WebObjects/hht.
woa/wa/default) is an autosomal dominant disorder causing
vascular dysplasias such as mucocutaneous telangiectases
and arterovenous malformations (AVMs). Telangiectases
may lead to epistaxes and gastrointestinal bleeding, which
may be severe enough to require transfusions. Epistaxes
and telangiectases are the most frequent symptoms, present
in more than 95% of the patients. AVMs are mostly
observed in liver (60%), lungs (18-70%) and brain (6%),
and may cause severe life-threatening complications
(Lesca et al. 2007). The phenotype is highly variable, even
among members of the same family, and the disease dis-
plays age-related penetrance, with increased manifestations
developing over a lifetime. About 70-80% of HHT patients
carry mutations in either of two genes—ENG (OMIM
#131195) (HHT1: OMIM 187300) or ACVRLI (OMIM
#601284) (HHT2: OMIM 600376)—which code for a
TGFp receptor type III and I respectively, although David
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Fig. 5 Stereo view of the
variation sites in pig DPD
(accession code of the Protein
Data Bank: 1gth). Glu265 (a),
Arg592 (b) and their adjacent
residues are shown as ball-and -
stick models with oxygens in L
red, nitrogens in blue, carbons
in gray and sulfur in yellow. The
adenosine moiety of the
cofactor FAD is also shown in
pink (a)

FAD

\§ gnnemz

tv\Gly593

Lys259

Japanese and Caucasians). HapMap data on 44 unrelated
Japanese subjects showed that 476 variations are poly-
morphic, whereas 529 are monomorphic, and the average
density of polymorphic markers is 1 SNP per 1,772 bp. In
contrast, our study focused on exons and surrounding in-
trons to detect variations, and only nine variations
overlapped with the HapMap data. Therefore, we could not
utilize the HapMap data to further identify common sub-
types of *I to be discriminated by many intronic HapMap
SNPs in each block. However, most of the frequent SNPs
are unlikely to be associated with substantially decreased
DPD activity because DPD activity in the healthy Japanese
population (N = 150) showed a unimodal Gaussian distri-
bution (Ogura et al. 2005).

On the other hand, in 60 unrelated Caucasian subjects in
the HapMap project, 617 are polymorphic, whereas 383 are
monomorphic. LD profiles of these polymorphisms were
compared between Caucasians and Japanese by using the
program Marker (http://www.gmap.net/marker). Strong LD
(D'l > 0.75) clearly decays within introns 11, 12, 13, 14,
16, 18, and 20 in Japanese, whereas, similar decays are
observed within introns 13, 14, 18, and 20, but are not
obvious within introns 11, 12, and 16 in Caucasians (data
not shown). Moreover, strong LD decays within intron 3 in
Caucasians. Therefore, the LD blocks are considerably
different between Japanese and Caucasians. Along with the
marked differences in allele frequencies of several varia-
tions (Table 4), these results suggest that the haplotype
structures in DPYD are quite different between the two
populations.

In conclusion, we found 55 variations, including 38
novel ones, in DPYD from 341 Japanese subjects. Nine
novel nonsynonymous SNPs were found, some of which
were assumed to have impact on the structure and function
of DPD. As for known variations, we obtained their accu-
rate allele frequencies in a Japanese population of a large
size and showed that variations with clinical relevance do
not overlap between Caucasians and Japanese. In Japanese,
2303C>A (Thr768Lys) and 1003G>T (Val335Leu) might
play important roles in 5-FU-related toxicity. Along with
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differences in haplotype structures between Japanese and
Caucasians, these findings suggest that ethnic-specific tag-
ging SNPs should be considered on genotyping DPYD.
Thus, the present information would be useful for phar-
macogenetic studies for evaluating the efficacy and toxicity
of 5-FU in Japanese and probably in East Asians.

Acknowledgments We thank Ms. Chie Sudo for her secretarial
assistance. This study was supported in part by the Program for the
Promotion of Fundamental Studies in Health Sciences (05-25) of the
National Institute of Biomedical Innovation and in part by the Health
and Labor Sciences Research Grants from the Ministry of Health,
Labor and Welfare.

References

Bakkeren JA, De Abreu RA, Sengers RC, Gabreels FJ, Maas JM,
Renier WO (1984) Elevated urine, blood and cerebrospinal fluid
levels of uracil and thymine in a child with dihydrothymine
dehydrogenase deficiency. Clin Chim Acta 140:247-256

Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics 21:263~
265

Cho HIJ, Park YS, Kang WK, Kim JW, Lee SY (2007) Thymidylate
synthase (TYMS) and dihydropyrimidine dehydrogenase
(DPYD) polymorphisms in the Korean population for prediction
of 5-fluorouracil-associated toxicity. Ther Drug Monit 29:190—
196

Collie-Duguid ES, Etienne MC, Milano G, McLeod HL (2000)
Known variant DPYD alleles do not explain DPD deficiency in
cancer patients. Pharmacogenetics 10:217-223

Dobritzsch D, Schneider G, Schnackerz KD, Lindgvist Y (2001)
Crystal structure of dihydropyrimidine dehydrogenase, a major
determinant of the pharmacokinetics of the anti-cancer drug 5-
fluorouracil. Embo J 20:650-660

Dobritzsch D, Ricagno S, Schneider G, Schnackerz KD, Lindgvist Y
(2002) Crystal structure of the productive ternary complex of
dihydropyrimidine dehydrogenase with NADPH and S-iodoura-
cil. Implications for mechanism of inhibition and electron
transfer. J Biol Chem 277:13155-13166

Etienne MC, Lagrange JL, Dassonville O, Fleming R, Thyss A, Renee
N, Schneider M, Demard F, Milano G (1994) Population study of
dihydropyrimidine dehydrogenase in cancer patients. J Clin
Oncol 12:2248-2253

Gross E, Ullrich T, Seck K, Mueller V, de Wit M, von Schilling C,
Meindl A, Schmitt M, Kiechle M (2003) Detailed analysis of five
mutations in dihydropyrimidine dehydrogenase detected in

-631-



J Hum Genet (2007) 52:804-819

Table 4 Allele frequencies of common DPYD SNPs in different populations

Nucleotide change Allele or tagged Population Allele frequency Number of subjects Reference
(amino acid change) haplotypes
85T>C *9 Caucasian 0.194 157 Seck et al. 2005
(Cys29Arg) (Block 1*9) French Caucasian 0.185 487 Morel et al. 2006
Japanese 0.037 107 Yamaguchi et al. 2001
Japanese 0.029 341 This study
Taiwanese 0.022 300 Hsiao et al. 2004
496A>G Block 1 *166V Caucasian 0.080 157 Seck et al. 2005
(Met166Val) Japanese 0.022 341 This study
IVS10-15T>C Block 1 *166Va, *9d Caucasian 0.127 157 Seck et al. 2005
Japanese 0.018 341 This study
1627A>G *5 Caucasian 0.140 157 Seck et al. 2005
(Ile543Val) (Block 2 *5) Caucasian 0.275 60 Ridge et al. 1998a
Finnish 0.072 90 Wei et al. 1998
African-American 0.227 105 Wei et al. 1998
Japanese 0.352 50 Wei et al. 1998
Japanese 0.283 341 This study
Taiwanese 0.210 131 Wei et al. 1998
Taiwanese 0.283 300 Hsiao et al. 2004
1896T>C Block 3 *1b Caucasian 0.035 157 Seck et al. 2005
(Phe632Phe) Japanese 0.098 107 Yamaguchi et al. 2001
Japanese 0.139 341 This study
Han Chinese 0.133 45 HapMap
IVS15 + 75A>G Block 4 *1b Caucasian 0.166 157 Seck et al. 2005
Japanese 0.155 341 This study
IVS16-94G>T Block 5 *1b Caucasian 0415 59 HapMap
Yorba ND 60 HapMap
Japanese 0.455 44 HapMap
Japanese 0.378 341 This study
Han Chinese 0.333 45 HapMap
2194G>A *6 Caucasian 0.022 157 Seck et al. 2005
(Val732Ile) (Block 5 #6) Caucasian 0.058 60 Ridge et al. 1998a
Finnish 0.067 90 Wei et al. 1998
African- American 0.019 105 Wei et al. 1998
Japanese 0.044 50 Wei et al. 1998
Japanese 0.015 341 This study
Taiwanese 0.014 131 Wei et al. 1998
Taiwanese 0.012 300 Hsiao et al. 2004
IVS18-39G>A Block 6 *1b Caucasian 0.105 157 Seck et al. 2005
Caucasian 0.100 60 HapMap
Yorba 0.017 60 HapMap
Japanese 0.044 45 HapMap
Japanese 0.032 341 This study
Han Chinese 0.022 45 HapMap
IVS22-69G=>A Block 6 *If Caucasian 0.183 60 HapMap
Yorba 0.400 60 HapMap
Japanese ND 45 HapMap
Japanese 0.003 341 This study
Han Chinese ND 45 HapMap

ND not detected

substitution Cys29Arg on the protein surface was unlikely
to alter DPD activity. However, conflicting results were
reported regarding *9 (Vreken et al. 1997, van Kuilenburg
et al. 2000), *6 (van Kuilenburg et al. 2000), and
Met166Val (van Kuilenburg et al. 2000; Gross et al. 2003).
To interpret these inconsistencies, haplotype analysis of
DPYD might be helpful. Especially for *9 and Met166Val
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in Japanese, functional involvement of -477T>G (block 1
*9c and *9¢), 243G>A (block 1 #9d), IVS10-15T>C
(block 1 *9d and *166Va) and many other HapMap SNPs
linked to *9 and Met166Val (Table 3) needs clarification.

The HapMap project provides genotype data of more
than 1,000 sites located mostly in the intronic regions of
DPYD for four different populations (Nigerian, Chinese,
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Fig. 4 The combinations of Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
biock haplotypes in Japanese.
Thick lines represent
combinations with frequencies ,
over 10%, and thin lines 12 (0529) * Ia (0.607)
represent combinations with ’
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detected in the patient exhibiting severe mucositis
during cyclophosphamide/methotrexate/5-FU chemother-
apy (Gross et al. 2003). Furthermore, the adjacent Leu261
interacts via the main chain atoms with the N6, N1, and N3
atoms of adenine of FAD, and has an important role in the
proper orientation of the adenine moiety in the FAD-
binding pocket (Dobritzsch et al. 2001). Moreover, the
carboxyl group (Glu265-O¢)might form hydrogen bonds to
the main chain nitrogen of Ser260 next to Leu261. Thus,
the change in polarity from negative to positive by the
novel Glu265Lys substitution is likely to cause structural
changes affecting proper binding of FAD.

Arg592 is located at one (IVfc) of the additional four-
stranded antiparallel 8 sheets (IVfc-ff) inserted at the top
of a typical (o/f)g barrel fold in the FMN-binding domain
IV (Dobritzsch et al. 2001). Arg592 is completely con-
served among the above-mentioned six species (Mattison
et al. 2002), suggesting its functional importance. Arg592
_ closely contacts Met599 (2.9 A) and GIn604 (2.8 A) in the
same subunit and Ser994 (2.9 A) in another subunit
(Fig. 5B). The substitution of tryptophan for Arg592 is
likely to weaken these interactions due to altered hydro-
phobicity and electrostatic changes. Arg592Trp was
recently reported from a Korean population with an allele
frequency of 0.004, although its functional significance
remains to be confirmed(Cho et al. 2007).

As for known DPYD alleles, their distributions in sev-
eral populations are becoming more evident by recent
reports. For example, IVS14 + 1G>A (*2) (van Kuilen-
burg 2004), 295_298delTCAT (PhelO0SerfsX15, *7)
(Seck et al. 2005), 1679T>G (He560Ser, *13) (Collie-
Duguid et al. 2000; Morel et al. 2006) 2846A>T
(Asp949Val) (Seck et al. 2005; Morel et al. 2006), all of
which are associated with decreased DPD activities, are
detected in Caucasians with allele frequencies of 0.01-
0.02, 0.003, 0.001 and 0.006-0.008, respectively. How-
ever, none of them were detected in our Japanese samples,
while 1003G>T (Val335Leu, *11) and 2303C>A
(Thr768Lys) have been found only in Japanese, indicating
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that variations with clinical relevance do not overlap
between Caucasians and Japanese.

2303C>A (Thr768Lys), which was originally found in a
Japanese female volunteer with very low DPD activity
(Ogura et al. 2005), is relatively frequent in Japanese
(allele frequency = 0.0279). Functional characterization
in vitro revealed that 768Lys caused thermal instability of
the variant protein without changing its affinity for
NADPH or kinetic parameters toward 5-FU. Therefore,
they might cause 5-FU-related toxicities in Japanese.

1003G>T (Val335Leu, *1I) was found in a Japanese
family with decreased DPD activity by Kouwaki et al.
(1998). By in vitro expression in E. coli, they demonstrated
that the variant protein with Leu335 showed a significant
loss of activity (about 17% of the wild-type protein). Do-
britzsch et al. (2001) suggested from the 3D structure of pig
DPD that Val335Leu, in spite of a conservative change,
disturbs packing interactions in the hydrophobic core

‘formed by IIA3 and IMla3 within the Rossman-motif,

thereby affecting NADPH binding. In our study, hetero-
zygous 1003G>T (Val335Leu) was found from a patient
administrated 5-FU (allele frequency = 0.0015), who also
has seven other variations: IVS12-11G>A, 1896T>C
(Phe632Phe), and IVS16-94G>T are heterozygous, and
1627A>G (lle543Val), IVS13 + 39C>T, IVS14-123C>A,
and IVS15 + 75A>G are homozygous, indicating that at
least Val335Leu is linked to Ile543Val (*5).

On the other hand, Caucasians and Japanese share four
variations: *5 (Ile543Val), *9 (Cys29Arg), Met166Val, and
*6 (Val732Ile), although their allele frequencies were dif-
ferent, especially for *9 (Table 4). Because they have not
necessarily correlated with phenotypic changes (e.g., dif-
ferences in DPD enzyme activity, 5-FU pharmacokinetics
and pharmacodynamics) (Collie-Duguid et al. 2000;
Johnson et al. 2002; Zhu et al. 2004; Seck et al. 2005;
Ridge et al. 1998a, 1998b; Hsiao et al. 2004), all of these
variations are generally accepted as common polymor-
phisms that result in unaltered function. Consistent with
this, van Kuilenburg et al. (2002) suggested that the
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Table 3 Linkages of haplotype-tagging SNPs with HapMap SNPs for DPYD

Haplotype-tagging SNPs dbSNP ID (NCBI) Block haplotype

HapMap SNPs with close linkages (7% > 0.8)

in DPYD in this paper
85T>C (Cys29Arg) 151801265 Block 1 %9
496A>G (Metl66Val) rs2297595 Block 1 *166V
1627A>G (Ile543Val) rs1801159 Block 2 *5
1896T>C (Phe632FPhe) rs7556439 Block 3 *1b
1VS16-94G>T 187556439 Block 5 *1b
IVS18-39G>A rs12137711 Block 6 *1b

rs10747488, rs7526108, rs4421623, rs4379706,
154523551,rs11165921, 159661794, rs6677116, rs6604093,
rs17379561, rs10747491, rs10747492, rs12062845, rs7524038,
rs10875112, rs4394693, 1510875113, rs4970722, rs9727548,
rs10875118, 159662719, 1512077442, rs4394694, rs9727976,
rs4246515, 1s6692580

1s2786543, rs2811215, rs2811214, rs2786544, rs2248658,
rs11165897, rs2786490, rs2811203, rs2811202, rs2811200,
rs2811198, 152786503, rs2811196, 1s2786505, rs2811195,
rs2811194, 1512073839, rs6663670, rs7512910, rs2151563,
152786509, rs3790387, rs3790389

rs1415682, rs952501, rs2811187, rs2786778, rs2786774, rs2811183,
rs17116806, rs2786780, rs1801159, 152786771, rs2297780,
152297779, rs12729863

1512073650

rs693680, rs827500, rs499009, rs7518848, rs553388, rs507170,
rs628959, 15991544, 15526645, rs1609519

rs12120068, rs12116905

2 All SNPs are in the same block

Taken together, our data demonstrated considerable
differences in the haplotype distributions in blocks 1, 3 and
6 between Japanese and Caucasians.

Discussion

This study provides Japanese data on the genetic variations
of DPYD, a gene encoding a key enzyme catalyzing deg-
radation of the well-known anticancer drug 5-FU. Nine
novel (AlalOGlu, Tyrl09Asn, Asni51Asp, Ile245Phe,
Glu265Lys, Val515Ile, Phe524Leu, Ser556Arg, and
Asn893Ser) and seven known nonsynonymous variations
(Cys29Arg,  Metl66Val,  Val335Leu, Ile543Val,
Arg592Trp, Val732lle, and Thr768Lys) were found in our
Japanese population (Table 2 and Fig. 1). The association
analysis between the genotypes and 5-FU pharmacody-
namics is now on-going.

Uneven distributions of coding SNPs over 23 DPYD
exons were pointed out in the previous review by van
Kuilenburg (2004). The author indicated that 81% of all
reported variations were confined to exons 2-14, repre-
senting 61% of the coding sequences, and typical hotspots
of variation were localized in exons 2, 6, and 13. Our
Japanese data also revealed that 17 out of 21 coding vari-
ations (81%) were localized in exons 1-14, and that more
than three variations were detected in exons 5, 13, and 14
(Fig. 1). Recently, Hormozian et al. (2007) have reported
that the common chromosomal fragile site on 1p21.2,
FRAIE, spans 370 kb of genomic sequence between
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introns 8 and 18 of DPYD, and that its core region with the
highest fragility is located between introns 12 and 16. The
instability at the core of FRAIE might be associated with
the high mutational rates and recombinogenic nature from
intron 12 to 14 of DPYD (Fig. 1).

To estimate potential functional consequences of the
amino acid substitutions, we examined whether the posi-
tions of amino acid changes are located in highly conserved
areas or potentially critical regions of the molecule (for
example, substrate recognition sites or binding regions of
prosthetic groups). We also considered the locations of the
residues in a three-dimensional (3D) framework provided
by the crystal structures of pig DPD, which have recently
been determined in complexes with NADPH and substrate
(5-FU) (Dobritzsch et al. 2001) or inhibitors (Dobritzsch
et al. 2002). The amino acid sequences of pig and human
DPD are 93% identical (Mattison et al. 2002), and the
substituted residues and their neighboring residues are
conserved between both enzymes. From these points of
view, it is speculated that at least two substitutions
(Glu265Lys and Arg592Trp) might impact the structure
and function of DPD as discussed below.

Glu265 is located on the loop following to the third 8
sheet (IIF3) in the FAD binding domain II (Dobritzsch
et al. 2001). Glu265 is conserved among four mammalian
species (human, mouse, rat, and pig), although it is
replaced with aspartic acid in bovine and Drosophila
melanogaster DPDs (Mattison et al. 2002). In the 3D
structure of pig DPD (Fig. 5a), Glu265 is in close prox-
imity to Lys259. The substitution, Lys259Glu, was
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