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Abstract

Purpose The objectives of this phase I dose-finding study
of erlotinib were to investigate the toxicity profile, to con-
firm the acceptable toxicity of doses up to 150 mg/day, and
to assess the pharmacokinetic (PK) profile and antitumor
activity in Japanese patients with solid tumors.

Patients and methods Patients with solid tumors not ame-
nable to standard forms of treatment were included. Treat-
ment cycle 1 consisted of single-dose administration on day
1, withdrawal on day 2, continuous daily administration
from days 3-23, and withdrawal from days 24-30. Subse-
quent cycles (28 days) used continuous daily administra-
tion. The dose of erlotinib was escalated from 50 mg/day to
150 mg/day in 50-mg increments. PK evaluation was
performed in all patients during cycle 1.

Results  Fifteen patients, aged 38-70 (median; 57) years
with non-small-cell lung (n = 11), colorectal (n = 3) or head
and neck (n = 1) cancer were enrolled. The major toxicities
were rash, diarrhea and liver dysfunctions, which were gen-
erally mild and easily manageable. The good tolerability of
erlotinib up to the dose of 150 mg/day was confirmed. One
patient developed grade 5 treatment-related interstitial
pneumonitis. Four of 11 evaluable patients achieved partial
responses; all four had non-small-cell lung cancer
(NSCLC). The peak plasma concentration of erlotinib, and
the area under the concentration-time curve increased pro-
portionally to the dose, suggesting linear PK.
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Conclusion The recommended dose of erlotinib in Japa-
nese patients is 150 mg/day. Further trials in Japanese
NSCLC patients are warranted.
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Introduction

The epidermal growth factor receptor (EGFR) is a trans-
membrane receptor that has been shown to play an impor-
tant role in the growth and survival of many solid tumors.
Ligand-activated EGFR-dependent signaling is involved in
cell proliferation, apoptosis, angiogenesis, invasion, and
metastasis [5, 12, 21, 26]. Targeting EGFR has already
been recognized as a promising molecular approach in can-
cer therapy.

R050-8231 (erlotinib, Tarceva®) is an orally available,
quinazoline-based, highly selective, reversible inhibitor of
EGFR tyrosine-kinase activity. This agent competes with
adenosine triphosphate for binding to the intracellular tyro-
sine-kinase domain of EGFR, thus inhibiting receptor phos-
phorylation. In preclinical studies, the 50% inhibitory
concentration of erlotinib was 2 nM, and substantial antitu-
mor activity was demonstrated against human colorectal,
head and neck, non-small-cell lung, and pancreatic tumor
cells [1, 4, 9]. Following promising preclinical studies, erl-
otinib was investigated in 40 patients with advanced solid
tumors [10]. In this initial US-based phase I study, the
major toxicities with once-daily erlotinib were diarrhea,
rash, mucositis, headache, and hyperbilirubinemia. The inci-
dence and severity of diarrhea and skin rash were related to
the dose of erlotinib and determined as dose-limiting toxici-
ties (DLTs). DLTs were noted at 200 mg/day and, therefore,
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150 mg/day was selected as the recommended dose for
further studies [10].

Based on the results of the initial US phase I study, we-

conducted a phase I study of erlotinib in Japanese patients
with solid tumors. The objectives of this study were (1) to
assess the toxicity profile of erlotinib, including DLTs, (2)
to confirm the acceptable tolerability of erlotinib up to a
dose of 150 mg/day, (3) to assess the pharmacokinetic (PK)
profile of erlotinib, and (4) to assess antitumor activity.

Patients and methods
Patient eligibility

Patients were eligible if they had histologically or cytologi-
cally confirmed malignant solid tumors that were resistant
to standard therapies, or for which there was no effective
treatment. The tumor types selected were among those
known to commonly overexpress EGFR, but patients were
not selected on the basis of individual EGFR status. Eligi-
bility criteria also included the following: age 20-74 years;
Eastem Cooperative Oncology Group (ECOG) perfor-
mance status (PS) 0-2; life expectancy greater than
3 months; no previous chemotherapy, radiation therapy, or
surgery within 4 weeks before treatment with erlotinib
(6 weeks for previous treatment with nitrosoureas or mito-
mycin); adequate bone marrow, hepatic and pulmonary
functions (absolute neutrophil count > 1,500/mm?>, platelet
count > 100,000/mm?>, hemoglobin > 9.0 g/dl, total serum
bilirubin < 1.5 mg/dl, aspartate aminotransferase [AST]
< 100 IU/1, alanine aminotransferase [ALT] < 100 IU/I,
serum creatinine < 1.5 mg/dl, arterial oxygen pressure
[PaO,] > 70 torr). Exclusion criteria included: pregnancy or
lactation; symptomatic brain metastasis; previous treatment
with other EGFR tyrosine-kinase inhibitors or trastuzumab;
a history of hypersensitivity reactions to any drugs; pleural
effusion and ascites that required drainage; malabsorption
syndrome or any other disorder that would affect gastroin-
testinal absorption; hepatic B or C virus or human immuno-
deficiency virus infection; serious pre-existing medical
conditions such as uncontrolled infections, severe heart dis-
ease, uncontrolled diabetes and psychogenic disorders; con-
comitant use of a contact lens or active corneal disease.

Written informed consent was obtained from all patients.
This study was approved by the institutional review board
at the National Cancer Center, and conducted in accordance
with Japanese Good Clinical Practice guidelines.

Drug administration

Erlotinib was supplied by Chugai Pharmaceutical Co. Ltd.
(Tokyo, Japan) as 25, 100 and 150 mg tablets. The agent
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was administered orally with 200 ml of water in the morn-
ing, 1 h before breakfast. Subjects fasted for at least 2 h
before and 1 h after administration. The initial treatment
cycle consisted of single dose administration on day 1,
withdrawal on day 2, continuous daily administration from
day 3 to day 23 (21 days), and withdrawal from day 24 to
day 30 (7 days). Both withdrawal periods were planned for
PK assessment. From the second cycle onwards, erlotinib
was administered daily without intervals. Cycles were
repeated every 4 weeks (Fig. 1).

Dose escalation procedure

Based on the results of the previously reported US study
[10], the starting dose of erlotinib was determined as
50 mg, escalating in 50 mg increments up to 150 mg. Three
patients were entered at the initial dose level. If dose limit-
ing toxicity (DLT) was observed in one-third of the patients
at this dose level, an additional three patients were entered
at the same dose level. Six patients were entered at the sec-
ond (100 mg) and third (150 mg) dose levels. The dose
level at which at least two patients experienced DLTs was
defined as the maximum tolerated dose (MTD). The defini-
tion of DLT was as follows: (1) grade 3/4 hematologic tox-
icity, (2) grade 3/4 non-hematologic toxicity excluding skin
toxicity, AST/ALT elevation and hyperbilirubinemia, (3)
grade 4 skin toxicity, (4) grade 4 AST/ALT elevation or
grade 3 AST/ALT elevation lasting more than 7 days, (5)
hyperbilirubinemia (>3.5 mg/dl or 2.5-3.5 mg/dl lasting
more than 7 days).

Pretreatment assessment and follow-up studies

Complete clinical assessments, including physical exami-
nation, ECOG PS, blood pressure, weight, electrocardio-
gram, chest X-ray, and routine laboratory tests were
evaluated in all patients before study entry and prior to each
subsequent treatment cycle. Routine laboratory tests
included a complete blood count and differential testing of
electrolytes, total serum protein, albumin, total serum bili-
rubin, AST, ALT, alkaline phosphatase, lactic dehydroge-
nase, gamma-glutamyl transferase, serum creatinine, uric

Cydle 1 From Cycle 2
Evaluation of safety and pharmacokinetics Evaluation of safety
and efficacy

1-day 7-day 28 days/eycle
withdrawal withdrawal ysicy
administration administration Daily administration

Fig. 1 Treatment schema
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acid, cholesterol, glucose, Pa0O,, adequate tumor markers
and urinalysis. With the exception of PaO,, tumor markers
and urinalysis, these laboratory tests were repeated on days
1,3,10, 17, 24 and 31, and then weekly. PaO, was obtained
as occasion demanded. Tumor markers and urinalysis were
determined before each treatment cycle and biweekly,
respectively. Toxicities were evaluated according to the
National Cancer Institute common toxicity criteria (NCI-
CTC, version 2.0). Tumor responses were evaluated
according to RECIST (response evaluation criteria in solid
tumors) criteria [23].

Pharmacokinetics

PK evaluation was performed in all patients during the ini-
tial cycle of treatment. Heparinized venous blood samples
(5 ml) were taken: before treatment and 1, 2, 4, 6, 8, 10, 24,
34 and 48 h after treatment on day 1; before treatment on
days 4, 10, and 17; before treatment on the last treatment
day (day 23) of cycle 1,and 1, 2, 4, 6, 8, 10, 24,34 and 48 h
after this treatment administration. Blood samples were
immediately centrifuged at 1,500 rpm for 10 min, and
plasma was aliquoted and stored at <—70°C in polyethyl-
ene tubes until analysis. The plasma concentrations of erl-
otinib and its O-desmethylated metabolite (OSI-420) were
measured by reverse-phase high-performance liquid chro-
matography using ultraviolet absorbance detection, as
described previously [14].

Individual plasma erlotinib and OSI-420 concentration
data were analyzed by non-compartmental methods analy-
sis using the WINNonlin software program version 1.5
(Pharsight Corporation, CA, USA). Derived PK parameters
included the maximum plasma drug concentration (C,,,),
time to Cp,, (fmay)» area under the plasma drug concentra-
tion-time curve from 0 to 24 h (AUC,_,,) and to infinity
(AUCq i), terminal half-life (¢,,) and the oral clearance
(CV/F). To assess the drug accumulation by daily adminis-
tration, the accumulation index (R) was calculated accord-
ing to the following formula: R = 1/(1—exp~X®), where Ke
is the elimination rate constant and ¢ is the administration
interval.

Results
Patient characteristics

Fifteen patients were enrolled between April 2002 and
October 2002. Patient characteristics are listed in Table 1.
There were 11 males and four females with a median age of
57 (range, 38-70) years. The predominant tumor type was
non-small-cell lung cancer (NSCLC). A total of 78 cycles
(28 days/cycle) of erlotinib were administered, and the

Table 1 Patient characteristics

Characteristic No. of patients

Total no. of patients 15
Male/female 11/4
Age (years); median (range)

Median 57

Range 38-70
ECOG performance status

0 ) 3
1 12
Tumor type

NSCLC 1
Colorectal 3
Head and neck 1
Prior treatment

Surgery 5
Radiotherapy .

Chemotherapy 14

No. of prior chemotherapy regimens

S W - O
— N W oo ~—

NSCLC non-small-cell lung cancer

median number of cycles administered per patient was
three (range, 1-19). All 15 patients were included in the
toxicity evaluation, and 11 patients were evaluable for
efficacy according to the RECIST criteria. Of the four
patients not evaluable (NE) for efficacy, one was excluded
due to interstitial lung disease (ILD). This patient received
erlotinib 100 mg/day, and was withdrawn from the study
due to the development of interstitial pneumonitis after
8 days of treatment during cycle 1. Of the remaining three
patients, one was regarded as NE because the previously
documented brain metastasis was not scanned during the
screening period (even though the evaluable supraclavicu-
lar lymph node metastasis remained stable through seven
cycles of treatment). The other two patients chose to stop
treatment. Their target lesions had progressed by about
6-15% after the first cycle of treatment, but their tumor
responses met neither SD nor PD according to RECIST
criteria, and therefore were classed as NE.

Toxicity
The major toxicities in the first cycle and in all cycles

combined are listed in Tables 2 and 3, respectively. Rash
and diarthea were the principal toxicities associated with
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Table 2 Major toxicities in the first cycle

Erlotinib dose 50 100 150 All Total %
(mg/day)
No. of patients 3 6 6 15
NCI-CTCgrade 1 2 =3 1 2 =312 =312 =3
Leukopenia 100 000 000 100 1 6.7
Neutropenia 000 200 000 200 13.3
Anemia 100 000 110 210 20.0
Skin rash 110 410 150 670 13 867
Diarrhea 100 200 500 800 8 533
Stomatitis 000 100 210 310 4 267
Keratitis 000 100 100 200 2 133
Pneumonitis 000 001* 000 0O01* 1 6.7
* Grade 5
Table 3 Major toxicities in all cycles
Erlotinib dose 50 100 150 All Total %
(mg/day)
No. of patients 3 6 6 15
NCI-CTCgrade 1 2 =312 =312 =31 2=>3
Leukopenia 100 200 100 400 26.7
Neutropenia 000 300 000 300 20.0
Anemia 100 200 310 610 46.7
Skin rash 110 410 150 670 13 867
Diarrhea 200 400 410 1010 11 733
Stomatitis 000 200 210 410 5 333
Keratitis 000 300 200 500 5 333
ALTincreased 1 00 320 320 740 11 733
ASTincreased 200 310 300 810 9 600
Total protein 100 400 300 800 & 533
decreased

Pneumonitis 000 0OO0OI* 000 O0O01* 1 6.7

ALT alanine aminotransferase, AST aspartate aminotransferase
* Grade 5

erlotinib. Hematologic toxicities were generally mild
(grade 1-2) in severity.

Rash was experienced by 13 (86.7%) of 15 assessable
patients, and mostly consisted of rash and seborrhea. The
onset of these skin toxicities generally occurred between
days 10-14 of cycle 1, and persisted with continued erloti-
nib treatment. The rash was less than or equal to grade 2 in
severity and almost asymptomatic. Supportive treatment
with various dermatologic medications, including ribofla-
vin, vitamin B6 and minocyclin did not resolve or relieve
these skin effects, although they were clinically tolerable.
Although the skin manifestations were qualitatively similar
in all affected patients, they occured more frequently with
the higher doses of erlotinib.
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Diarrhea was observed in 11 (73.3%) of 15 patients
(Table 3). The onset of diarrhea generally occurred during
the initial treatment cycle. This toxicity was generally mild
(grade 1-2) in severity, and watery diarthea was not
observed. The diarrhea was generally manageable, and
responded to treatment with a lactobacillus preparation;
loperamide was not required.

ALT and AST elevations, were observed in 11 (73.3%)
and 9 (60.0%) of 15 patients (Table 3), respectively. How-
ever, these toxicities were mild (grade 1-2) in severity, and
improved without any medication during treatment with erl-
otinib. Stomatitis and keratitis, including corneal erosion,
were generally mild, and did not seem to be dose-related.

Grade 5 pulmonary toxicity was observed in one patient
at the 100 mg/day dose level. The patient was a 68-year-old
male with PS 1, who was diagnosed with advanced
NSCLC, and had previously suffered from tuberculosis and
had chronic emphysema. Before study entry, this patient
had received 5 cycles of first-line cisplatin and irinotecan
chemotherapy. He complained of dyspnea, and a chest
X-ray and computed tomography scan on the eighth day of
erlotinib treatment showed a ground-glass appearance in
the left lung, suggestive of interstitial pneumonitis. The
bronchoalveolar lavage fluid did not suggest the presence
of any infections such as fungus, Pneumocystis carinii,.
Neither steroid hormone (60 mg/day of predonisolone) nor
pulse steroid therapy (1,000 mg/day of methylprednisolone
for 3 days) improved his pulmonary condition, and he died
on day 34 of treatment. An autopsy was performed and the
pathologic findings demonstrated severe emphysematous
changes, with alveolar destruction and pyogenic broncho-
pneumonia with infiltration of inflammatory cells, as well
as disease progression. Although the pathological findings
did not support drug-induced interstitial pneumonitis, the
clinical observations indicated suspected drug- induced
interstitial pneumonitis that could have exacerbated respira-
tory failure.

Up to a dose level of 150 mg/day, one DLT was
observed (grade 5 pulmonary toxicity at a dose of 100 mg/
day); other toxicities were considered acceptable. There-
fore, the MTD was not reached, and the acceptable tolera-
bility of erlotinib doses up to 150 mg/day was confirmed.
The dose level of erlotinib 150 mg/day was, therefore,
determined as the recommended dose.

Antitumor activity

Eleven of 15 patients were evaluable for anti-tumor
response (Table 4). Four patients (all NSCLC) achieved a
partial response and three achieved stable disease (all
NSCLC). Of the four responders, three were male former
smokers (>50 pack years) and one was a female never-
smoker; all had tumours with adenocarcinoma histology.
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Table 4 Objective tumor response and duration

No. Dose level Age Sex PS Smoking status ~ Tumor type Histology Response Response
(mg/day) duration (days)

01 50 . 56 M 1 Smoker® NSCLC Large-cell carcinoma NE

02 50 52 M 1 Smoker® NSCLC Adenocarcinoma PD

03 50 60 F 1 Never smoker Colorectal Adenocarcinoma PD

04 100 62 M 1 Smoker® NSCLC Adenocarcinoma PR 85

05 100 57 M 1 Smoker? NSCLC Adenocarcinoma SD 87

06 100 38 M 1 Smoker® NSCLC Adenocarcinoma NE

07 100 68 M 1 Smoker® NSCLC Undifferentiated NE

08 100 50 F 1 Never smoker NSCLC Adenocarcinoma PR >283b

0% 100 60 F 0 Never smoker NSCLC Adenocarcinoma SD 197

10 150 48 M 1 Smoker® Colorectal Adenocarcinoma NE

11 150 53 M 0 Smoker® NSCLC Undifferentiated SD >170°

12 150 70 M 1 Smoker? NSCLC Adenocarcinoma PR >170°

13 150 53 F 0 Smoker® Colorectal Adenocarcinoma PD

14 150 58 M 1 Smoker® Head and Neck Adenocarcinoma PD

15 150 58 M 1 Smoker® NSCLC Adenocarcinoma PR >170°

M male, F female, P§ performance status, NSCLC non-small-cell lung cancer, PR partial response, SD stable disease, PD progressive disease, NE

not evaluable

? Former smoker
b

Pharmacokinetics

Plasma sampling for PK analyses was performed in all 15
patients on days 1 and 4. However, plasma sampling on
days 10, 17 and 23 was not undertaken in one patient due to
withdrawal following pulmonary toxicity.

The PK profile of erlotinib is summarized in Table 5,
and the mean plasma concentration-time profiles of erloti-
nib and its principal metabolite OSI-420, after treatment
with erlotinib 150 mg/day are illustrated in Fig. 2. Follow-
ing oral ingestion of erlotinib on day 1, mean T, was
6.00 h (range, 1-24 h), with a long plasma half-life (¢,,,;
mean 25.92 h, range 14.84-40.02). The CI/F of erlotinib
showed moderate inter-individual variability and the
mean = standard deviation (SD) [CV %] of CVF on day 1
for erlotinib doses of 50, 100 and 150 mg/day were
1223 £9.03 [73.8%], 8.84+4.48 [50.7%] and
5.42 £ 1.58 [29.2%] U/h, respectively. Steady-state plasma
concentrations of erlotinib were achieved by day 10 at all
doses. Both C,,, and AUC ;, on day 1 generally increased
with erlotinib dose, suggesting linear PK in the range 50~
150 mg/day (Fig. 3). The estimated and observed accumu-
lation indexes, which were termed “Reg and “R, (AUCg ,4)”,
were 1.70 4 0.61 and 2.01 & 1.27 (mean & SD) at the dose
of 100 mg/day, respectively, and 2.12+£0.55 and
3.71 & 2.40 at the dose of 150 mg/day, respectively.

0S1-420 could be reliably measured even when erlotinib
was administered at a dose of 50 mg/day. When erlotinib
was given at 150 mg/day on day 1, mean T,,, was 9.7h

shifted to the continuous administration study from phase I portion of trial (n = 4)

(range, 1-24 h), and the mean £ SD values of C,,, and
AUC,_,, were 62.7 + 41.4 ng/ml and 789.6 % 300.8 ng ht/
ml, respectively. Exposure to OSI-420 relative to that of
erlotinib was low, and the mean + SD values for the ratio
of OS81-420 AUC, ,, to erlotinib AUC_,, on days 1 and 23
were 0.055+0.006 and 0.074 £ 0.025, respectively.
Although there was a small number of patients in this phase
I study, rash seemed to be correlated with C, ., and AUC ;¢
of erlotinib (Fig. 4).

Discussion

Here we report a phase I dose-finding study of the oral
EGFR tyrosine-kinase inhibitor erlotinib, administered
daily to Japanese patients with solid tumors. In a previous,
US-based phase I study, the MTD of erlotinib was deter-
mined as 150 mg/day, and this was established as the rec-
ommended dose [10]. Based on the results of this earlier
study, dose escalation in the present study was limited to the
assessment of erlotinib doses up to 150 mg/day (50, 100
and 150 mg/day). Only one DLT (grade 5 pulmonary toxic-
ity) was observed in this study and the major toxicities were
rash, diarrhea and elevated hepatic transaminases. At doses
of erlotinib up to 150 mg/day, these toxicities were gener-
ally mild in severity, and treatment interruption was not
required. Furthermore, severe haematological toxicity asso-
ciated with conventional chemotherapy (such as febrile
neutropenia or anemia requiring blood transfusions) was
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Table 5 Pharmacokinetic parameters of erlotinib

R obs

RcSl

AUCy ; (ng hr/ml)

Css, min (ng/ml) AUC_,, (ng hr/ml)

t,(h)

CVF (1/h)

Day No.of C,,, (ng/ml) Tnax (W)

Dose level
(mg/day)

(AUC; )

patients

6320.86 £ 5015.47

3265.82 £ 1777.92

12.23 £9.03 14.76 £ 10.51

193.67 + 84.39 5.00 £ 3.61

3
3
6
5
6
6

50

1.51 £ 0.54 4.89 £ 0.58

37798.87 £+ 29387.24
14095.46 £ 7194.74

15843.67 & 7991.56
7704.90 & 3550.83

23.60 + 15.83 538.67 + 286.49

17.98 £+ 11.06

433+493 392+£236

6.00 £ 9.01

820.33 - 347.25
570.67 £+ 266.97

23

8.84 + 4.48

100

201 £1.27

1.70 £+ 0.61

25616.14 £ 15011.00
29473.52 £+ 7569.01

14622.61 £+ 7007.19
12845.48 + 3774.53

1642.00 + 1085.15 42678.50 3= 20434.75

15.56 + 8.66 453.00 &+ 380.27
2592 +£9.31

10.03 £ 8.95

1023.40 & 320.15 3.00 + 2.00

23

6.00£892 542+ 158

958.00 £ 457.19

150

107751.87 £ 73129.00 2.12+0.55 3.71 £ 240

27.19 £ 9.07

5.08 £ 4.51

1.83 £ 041

2384.33 + 932.43

23

Data represent mean + SD

CUF (day 1), Dose/AUC,_,; (day 23), Dose/AUC_,,, F bioavailability, /nf infinity, R, estimated accumulation index, R, (AUC, ,,) observed accumulation index of AUC,_,, on day 23

10,000 9
®-@ Erlotinib, day 1

=—a Erotinib, day 23
¢- & 0SI-420, day 1

— . A—4A OSI-420, day 23
£
S~
o 1,000
£ S,
8 ° AR T -
= R PO
g ----- .
5 4
2 1004
¥
© >
-
« *eo

Time (hours)

Fig. 2 Mean plasma concentration~time profiles of erlotinib and OSI-
420 following administration of erlotinib 150 mg

not observed. Therefore a dose of erlotinib 150 mg/day was
determined as the recommended dose for further study in
Japanese patients. The major toxicities observed in this
study have also been reported for other EGFR inhibitors [2,
3, 15]. Exposure to erlotinib appears to be an important fac-
tor for the onset of certain toxicities. In the US phase I study
of erlotinib, the incidence and severity of rash and diarrhea
were related to the dose of erlotinib [10]. Although there
was a limited number of patients and dose escalation was
not planned above the dose of 150 mg/day, PK analyses in
the present study also suggested a correlation between rash
and drug exposure (e.g. C,,, and AUC). Other PK analyses
performed in this study showed that although there was
moderate inter-individual variability, linear PK profiles
were observed in the range of erlotinib 50-150 mg/day, and
there was no significant drug accumulation. In addition,
several PK findings concerning the influence of smoking
have been reported [6, 8]. Smoking could cause induction
of the CYP1A2 enzyme which plays an important role in
erlotinib metabolism. Although this effect could reduce the
AUC of erlotinib, the effect of enzyme induction could be
expected to last for only 1-2 weeks after stopping smoking.
As none of the patients were current smokers, the study can
provide no useful information on the impact of smoking sta-
tus on erlotinib PK.

For the 150 mg/day dose, values for the main PK param-
eters measured in this study were very similar to those
reported in the US phase I study. This suggests that at the
recommended dose, exposure to erlotinib is similar
between Japanese and Western patients.

Suspected drug-induced lung injury, manifesting as
interstitial pneumonitis was observed clinically in one
patient who received erlotinib 100 mg/day. Although this
toxicity is serious, the reported incidence of ILD was very
low in studies of erlotinib in the USA and Europe; in a
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Fig.3 C,,,(a) and AUC, ; ; (b) according to erlotinib dose on day 1 following oral administration
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Fig. 4 Relationships between a rash and C,,, on day 1, and b rash and AUC ;;on day |

phase IIl study (BR.21) of erlotinib monotherapy in
relapsed NSCLC, ILD occurred at the same incidence in
the erlotinib and placebo arms (0.8%) [19]. ILD has also
been reported with gefitinib, another EGFR tyrosine-kinase
inhibitor [11, 22]. In patients treated with gefitinib, the
onset of ILD is generally acute (i.e. within 4 weeks of treat-
ment) and the incidence has been reported as 5.8% in Japa-
nese patients [27]. The reported incidence of ILD with
gefitinib is higher in Japan than elsewhere, although the
reason for this is unknown. This may represent a greater
prevalence of the toxicity, greater awareness and reporting,
or an increased genetic susceptibility in the Japanese popu-
lation. However, the biological mechanisms, such as envi-
ronmental, clinical and genetic factors that may contribute
to this toxicity have not yet been elucidated. Thus, further
investigation to identify the mechanism of drug-induced
interstitial pneumonitis associated with EGFR tyrosine-
kinase inhibitors is warranted.

In the current trial, four of 11 evaluable patients (3 males
and 1 female) achieved a partial response, all of whom had
NSCLC of adenocarcinoma subtype. The three males were
former smokers with more than 50 pack years. These
results are particularly interesting as clinical characteristics
that have been reported as favorable factors for clinical
benefit with gefitinib and erlotinib in NSCLC patients

include female gender, adenocarcinoma subtype, and
never-smoking status [18, 22]. Our results are, however,
not unexpected, as data from the placebo-controlled BR.21
study of erlotinib in relapsed NSCLC demonstrated that the
survival benefit with erlotinib was not restricted to particu-
lar sub-populations [19]. Recently, it has been reported that
certain mutations in the tyrosine-kinase domain of EGFR
are present in a subset of NSCLCs, most commonly in
patients who have never smoked, and these mutations
appear to be associated with a greater likelihood of
response to gefitinib and erlotinib [13, 16, 17]. Importantly,
however, not all patients with mutations obtain a response,
and some patients without mutations do obtain a response.
The incidence of EGFR mutations in Japanese patients with
NSCLC is about 40%, which is higher than that in Cauca-
sian patients (10-15%) [13, 20]. However, any possible
association between EGFR mutations and survival with
EGFR tyrosine-kinase inhibitors is presently unclear. In a
retrospective analysis of samples from the BR.21 study, the
presence of EGFR mutations was significantly associated
with response to erlotinib but not with survival (24, 25].
Other markers that are under investigation as potential pre-
dictors of clinical benefit with EGFR tyrosine-kinase inhib-
itors are EGFR expression and EGFR gene copy number
[7]. None of these markers of EGFR status were assessed in
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the current study, although such assessments would be
important in future studies, including those restricted to
Japanese patient populations.

In conclusion, the results of this study confirm that in

Japanese patients, the recommended dose of erlotinib is
150 mg/day. At this dose level, erlotinib has acceptable
toxicity with a PK profile similar to that seen in a US phase
I study. Several partial responses were observed, all in
patients with NSCLC, including male smokers. Analysis of
the clinical benefits of erlotinib in Japanése patients with
NSCLC entered into phase II/III trials are ongoing.
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Background: To evaluate the role of FDG-PET in assessing anti-tumor efficacy of molecular
targeted drugs, we prospectively performed FDG-PET and CT for response evaluation in
patients treated with lapatinib, a dual inhibitor of ErbB1 and ErbB2 tyrosine kinases.
Methods: Lapatinib was given orally once a day at doses ranging from 1200 to 1800 mg in a
phase | study. CT and FDG-PET were performed before treatment, and at 1, 2 and 3 months
after the initiation of the treatment and every 2 months thereafter.

Results: A total of 29 FDG-PET examinations were performed in eight patients with various
solid tumors and the metabolic activity in the tumor was evaluated as SUVmax. The best
responses, as assessed by CT, were as follows; one partial response, four stable disease and
three disease progression. The partial response was observed in a patient with trastuzumab-
resistant breast cancer, whose SUVmax was decreased by 60% from baseline. In all of the
four patients whose best response was stable disease, the SUVmax was decreased by
6—-42% one month after the start of treatment. Prolonged stable disease (10 months) was
observed in a patient with colon cancer, whose SUVmax was decreased by 42%. In the
patient group with disease progression, SUVmax was increased in two out of three patients.
Conclusions: FDG-PET detected decreases in the metabolic activity of the tumors in
patients who experienced clinical benefits on treatment with lapatinib. Thus, FDG-PET may
be useful for the evaluation of molecular targeted drugs, such as lapatinib.

Key words: FDG-PET — lapatinib — phase I — pharmacodynamics — biomarker

INTRODUCTION

Recently, many molecular targeted drugs that act as cyto-
static, rather than cytotoxic, agents have been developed. It is
expected that they may slow or stop the growth of tumors,
without causing existing tumors to shrink. Furthermore, their
toxicities are expected to be mild. Therefore, toxicity and
decrease in tumor size may not be used as endpoints in phase
I and phase 1II studies, respectively and new endpoints are
necessary for the clinical trial of molecular targeted drugs.
Positron emission tomography with the glucose analog
fluorine-18 fluorodeoxyglucose (FDG-PET) allows the

For reprints and all correspondence: Hironobu Minami, Department
of Oncology/Hematology, National Cancer Center Hospital East,
6-5-1 Kashiwanoha, Kashiwa, Chiba, 277-8577, Japan.

E-mail: hminami@east.ncc.go.jp

noninvasive serial measurements of glucose metabolism in
tumors. In oncology, FDG-PET was first used for the diagno-
sis and staging of tumors. FDG uptake is closely related to
the number and proliferative capacity of viable tumor cells
(1,2). Therefore, treatment-induced changes resulting in
tumor cell death or growth arrest leads to a reduction in
FDG uptake. It has been reported that FDG-PET may be
useful for the evaluation of anti-cancer treatments using
cytotoxic chemotherapy (3—7). These data suggest that
FDG-PET may offer a surrogate marker for clinical benefit
in traditional chemotherapy. If molecular targeted drugs also
inhibit the proliferation of cancer cells, reduction of FDG
uptake by tumors should also occur after treatment with
molecular targeted drugs. Therefore, FDG-PET can be
expected to be a surrogate marker for the action of cytostatic
molecular targeted drugs as well. ’
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Lapatinib is a new drug that inhibits the epidermal growth
factor receptor tyrosine kinases ErbB1 and ErbB2. By inhi-
biting signals from these receptors, lapatinib blocks several
downstream pathways involved in cell proliferation, invasion
and apoptosis, such as ERK-1/2 and AKT, respectively.
Phase I trials have been conducted in the USA (8), but the
maximum tolerated dose was not determined because lapati-
nib was generally well tolerated. Biological activities,
including partial responses in patients with trastuzumab-
resistant breast cancer and disease stabilization of a variety
of carcinomas, were reported. A phase I clinical trial has
been conducted in patients with solid tumors in Japan (9).
To evaluate the efficacy of lapatinib by FDG-PET and to
correlate the results of FDG-PET with response evaluation
by CT, FDG-PET was prospectively performed in a subsidi-
ary study. This communication is therefore a report of the
FDG-PET study conducted in association with a phase I
study of lapatinib, details of which will be reported
separately.

PATIENTS AND METHODS
PATIENTS AND TREATMENT

This phase I study was conducted in two institutions, Kinki
University Hospital and the National Cancer Center Hospital
East. Lapatinib was administered orally once daily until
patients had disease progression or unacceptable toxicities.
Six patients per dose were treated at 900, 1200, 1600 or
1800 mg/day. At the National Cancer Center Hospital East,
three patients per group received 1200, 1600 or 1800 mg/day.
Of these nine patients, eight were enrolled in the FDG-PET
study. The protocols of the phase I study and the FDG-PET
study were approved by the Institutional Review Board of
the National Cancer Center. Written informed consent was
obtained from each patient.

EvaLuaTION OF TUMOR RESPONSES

At study entry, up to three representative lesions were
selected for tumor evaluation. The sum of the largest dia-
meter of each of these lesions was assessed with CT and the

maximum standardised uptake values (SUVmax), which is .

the maximum pixel value within the region of interest, of
the same. lesions were recorded with FDG-PET. CT and
FDG-PET were performed before treatment, and at 1, 2 and
3 months after the initiation of the treatment and every 2
months thereafter. Responses by CT were classified accord-
ing to the response evaluation criteria in solid tumors
(RECIST). Treatment discontinuation owing to disease pro-
gression was based on CT findings according to the protocol
of the phase I study. The results of the PET analysis were
not taken into account for this purpose.

Time to progression was defined as the time from first
dose of lapatinib to the earliest documentation of

Jpn J Clin Oncol 2007;37(1) 45

progression, death from any cause, or withdrawal from the
trial for any reason.

FDG-PET was performed using a GE-Advanced scanner
(General Electric Medical Systems, Milwaukee, WI, USA)
with an axial field of view of 15 cm and a slice thickness of
4.75 mm. The SUVmax is known to be affected by several
factors, including plasma glucose levels, time from FDG
injection to measurement and body weight. Therefore, all
patients fasted for at least 6 h before FDG-PET scanning and
plasma glucose level was measured just before the FDG
injection. Exactly 60 min after intravenous injection of 259—
310 MBq FDG, an attenuation-corrected whole body scan
was acquired in seven bed positions (5-min emission and
1-min transmission).

RESULTS

A total of 29 FDG-PET examinations were performed in
eight patients whose characteristics are listed in Table 1. All
patients had prior chemotherapy and four patients with non-
small cell lung cancer had failed gefitinib treatment.

Time from FDG injection to the start of PET scanning
was exactly 60 min in 28 examinations and 59 min on one
occasion. Plasma glucose levels were always below 120 mg/dl
(median, 97 mg/dl; range, 77—116). Little change in body
weight of individual patients was observed during the course
of the study.

The median number of days between pretreatment
FDG-PET and treatment initiation was 4 (range, 1—12) days.
In 93% of examinations, CT and FDG-PET were performed
within 7 days; the median number of days between CT and
FDG-PET examination was 1 (range, 0—21 days).

The best responses, as assessed by CT, were as follows;
one partial response, four stable disease and three disease
progression. Figure 1 shows the time course of the SUVmax
and tumor responses in each patient.

The single partial response was observed in a patient with
trastuzumab-resistant breast cancer (Her2, 3+; ER/PgR,
negative) receiving 1600 mg/day, whose SUVmax was
decreased by 60% from baseline one month after the start of
treatment when a partial response was documented by CT;
thereafter, SUVmax began to increase again 2 months before
progression was documented by CT (Fig. 2A, B).

In all four patients whose best response was stable
disease, the SUVmax was decreased by 6—42% 1 month
after the start of treatment. In a patient with colon cancer
with prolonged stable disease (10 months), the SUVmax was
decreased by 42% at the first post-treatment evaluation and
maintained thereafter for 9 months. The SUVmax also began
to increase 1 month earlier than the documentation of
disease progression by CT (Fig. 3A, B).

In the patient group with disease progression, the best
SUVmax response ranged from +5% to —42%. SUVmax
was increased by 4—5% in two out of three patients with
CT-assessed progressive disease (Fig. 1). In a patient whose
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Table 1. Patient characteristics and response to lapatinib

No. Dose (mg) Age (years) Sex Tumor type P.S.* No. of prior regimens of chemotherapy ' - Response to lapatinib TTP! days
1 1200 49 F NscLC? 1 4 SD 103

2 1200 61 M Sarcoma 1 1 PD 20

3 1200 50 M  CRC' 0 2 PD 48

4 1600 55 F Breast cancer 0 3 PR 132

5 1600 61 M NSCLC? 1 3 SD 98

6 1600 65 M CRC’ 0 2 SD 335

7 1800 53 M NSCLC? 1 4 PD 34

8 1800 37 F NSCLC* 0 3 SD 110"

F, female; M, male.

*Performance status.

"Time to progression.

Non-smali-cell lung cancer.

$Colorectal cancer.

IWithdrawn from study without progression.

(]
A%

(=]

Change of SUVmax (%)

Months

Figure 1. The time course of the SUVmax and tumor responses in eight
patients.

SUVmax was decreased in spite of disease progression docu-
mented by CT, the selected targeted lesions were stable
disease assessed by CT, but a new lesion appeared 2 months
after the start of treatment.

DISCUSSION

Molecular targeted drugs aim at tumor growth stabilization
rather than tumor shrinkage and no major volume changes
are expected. In addition, the mechanism of action of some
of these agents may be such that higher doses beyond a
certain level may offer no additional benefit. With traditional
cytotoxic drugs, increasing doses lead to increasing efficacy;
thus, the recommended dose of cytotoxic agents has been
routinely determined on the basis of toxicities in phase I
studies. However, for molecular targeted drugs, the appropri-
ate approach to determine recommended doses for further
clinical trials has not yet been established, because toxicities
of these drugs are not necessarily considered to correlate
with their anti-tumor activity (10). Similarly, conventional
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Figure 2. (A) Comparison of FDG-PET and CT with trastuzumab-resistant
breast cancer with lung metastases. Partial response was documented by CT.
a, before the treatment; b, the major reduction in FDG uptake and objective
tumor response was observed after 1 month of treatment; c, disease pro-
gression was confirmed by CT after 5 months of treatment. (B) The time
course of the SUVmax and tumor response in a patient with breast cancer
with partial response was documented by CT. The SUVmax was decreased
by 60% from baseline after 1 month of treatment. The SUVmax began to

- increase 2 months before progression was documented by CT.
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Figure 3. (A) Comparison of FDG-PET and CT with colorectal cancer with
para-aortic lymph node metastases. Prolonged stable disease was documen-
ted by CT. a, before the treatment; b, the major reduction in FDG uptake
was observed after 1 month of treatment, but no volume change was
observed by CT; ¢, progression in FDG uptake was observed after 10
months of treatment, but no major volume change was observed by CT.
(B) The time course of the SUVmax and tumor response in a patient with
colorectal cancer with prolonged stable disease. The SUVmax was
decreased by 42% from baseline after 1 month treatment, and maintained
thereafter for 9 months. The SUVmax also began to increase 1 month
earlier than the documentation of disease progression by CT.

strategies to evaluate anti-tumor activity in phase II studies
may not be useful for molecular targeted drugs, because
these agents may not cause a reduction in tumor size. The
following approaches have been used to determine the appro-
priate dose of molecular targeted drugs for further clinical
trials: (i) pharmacokinetic data in patients have been com-
pared with the results of preclinical studies; (ii) changes in
the targeted molecules in tumors or surrogate tissues have
been evaluated; and (iii) the maintenance of stable disease
has been suggested to be a marker of activity in the develop-
ment of these new agents (11). However, thus far none of
these parameters has been established as an endpoint for
phase I studies.

In successful clinical trials of molecular targeted drugs
such as trastuzumab (12), rituximab (13), imatinib (14), gefi-
tinib (15), erlotinib (16) and sorafenib (17), tumor shrinkage
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was in fact observed. However, the relatively low response
rates to these compounds may not fully explain the increased
progression-free or overall survival observed in phase II1
studies. Furthermore, as discussed above, other molecular
targeted drugs may not cause tumor shrinkage but induce
tumor growth inhibition with mild toxicities. It is difficult to
evaluate anti-tumor activity of these agents in phase II
studies by the methodology established for cytotoxic drugs.
The clinical value of any new agent must be documented in
randomized phase III studies. If phase III trials were to be
conducted without any preliminary evidence of efficacy,
available patients and financial resources would be insuffi-
cient to test all new cytostatic agents under clinical evalu-
ation. Therefore, other surrogate markers for response
assessment are required in the clinical development of
molecular targeted drugs to permit more efficient evaluation
of cancer treatment. With such an approach, the most prom-
ising agents could be moved forward quickly, with less
effective agents rapidly identified and discarded. FDG-PET
is expected to be a surrogate marker for the action of
cytostatic molecular targeted drugs.

A correlation between treatment efficacy and glucose
metabolism in patients has been reported for imatinib
therapy. FDG-PET could be used as an early and sensitive
method to evaluate the response of gastrointestinal stromal
tumors to imatinib mesylate treatment (18). FDG-PET data
obtained 8 days after imatinib treatment correlated with
symptom control as well as progression-free survival. It was
also reported that micro-PET imaging with FDG could be
used for monitoring the effect of PKI-166, another dual
inhibitor of ErbB1 and ErbB2, in preclinical studies (19).
The mechanism of action of PKI-166 is similar to lapatinib,
which is also a dual inhibitor of ErbB1 and ErbB2.

The results of our study concurred with the findings of
previous studies. The effect of lapatinib was evaluated by
FDG-PET in eight patients, and clinical benefits of treat-
ment, such as partial response and prolonged stable disease,
were observed in the two patients with the greatest decrease
in the SUVmax. The SUVmax was minimally or moderately
decreased by treatment in all four patients whose best
response was stable disease. The SUVmax was increased in
two out of three patients with disease progression detected
by CT. In the other patient with disease progression docu-
mented by CT, the SUVmax was decreased. In this case a
new lesion appeared while the selected targeted lesions were
stable. This may be due to the heterogeneity within different
lesions of the same cancer.

At the present time, there are no standard criteria for
evaluation by FDG-PET, although recommendations were
published in 1999 by the European Organization for
Research and Treatment of Cancer (EORTC) (7). In the
EORTC recommendations, progressive metabolic disease is
classified as an increase in standard uptake value greater
than 25%, and partial metabolic response as a decrease in
standard uptake value greater than 25% after more than one
treatment cycle. SUVmax is influenced by factors such as
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the time from FDG injection to measurement, plasma
glucose level, body weight and partial volume effect (20). It
was reported that the variability of FDG uptake as assessed
by SUVmax without treatment is less than 20% (21).
Therefore, it was proposed that a significant change in
SUVmax for the evaluation of anti-tumor activity of che-
motherapeutic agents should be above the 25% threshold
(22). In the present study, SUVmax decreased by more than
25% in four patients, two of whom experienced significant
clinical benefit, while the other two had stable disease and
disease progression.

The usefulness of FDG-PET in evaluating the anti-tumor
activity of lapatinib is suggested by the results of the present
investigation. However, this was a small exploratory study,
and its confirmation awaits the results of larger studies.
Further studies should be conducted in conjunction with
phase II or phase III trials in which patients with the same
tumor types are treated in a uniform way. Moreover, it will be
necessary to show that the response evaluated by FDG-PET is
predictive of a clinical endpoint, such as survival.

In conclusion, FDG-PET may be useful for the evaluation
of molecular targeted drugs, such as lapatinib. However, this
will need further validation in phase II or phase III studies in
patients with the same types of tumors.
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CYP2C8 haplotype structures and their influence on
pharmacokinetics of paclitaxel in a Japanese population
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Objective CYP2C8 is known to metabolize various drugs
including an anticancer drug paclitaxel. Although large
interindividual differences in CYP2C8 enzymatic activity
and several nonsynonymous variations were reported,
neither haplotype structures nor their associations with
pharmacokinetic parameters of paclitaxel were reported.

Methods Haplotype structures of the CYP2C8 gene were
inferred by an expectation-maximization based program
using 40 genetic variations detected in 437 Japanese
patients, which included cancer patients. Associations of
the haplotypes and paclitaxel pharmacokinetic parameters
were analyzed for 199 paclitaxel-administered cancer
patients.

Results Relatively strong linkage disequilibriums were
observed throughout the CYP2C8 gene. We estimated 40
haplotypes without an amino-acid change and nine
haplotypes with amino acid changes. The 40 haplotypes
were classified into six groups based on network analysis.
The patients with heterozygous */G group haplotypes
harboring several intronic variations showed a 2.5-fold
higher median area under concentration-time curve of C3'-
p-hydroxy-paclitaxel and a 1.6-fold higher median value of
C3'-p-hydroxy-paclitaxel/paclitaxel area under concentra-
tion-time curve ratio than patients bearing no */G group
haplotypes (P<0.001 for both comparisons by Mann-
Whitney U-test). No statistically significant differences,
however, were observed between patients with and without
the */G group (haplotypes) in clearance and area under

Introduction

Cytochrome P450s (CYPs) catalyze oxidative metabolism
of a wide variety of exogenous chemicals and endogenous
compounds. Human CYP2C subfamily consists of four
members, CYP2C18, CYP2C19, CYP2C9, and CYP2CS,
all of which are located in tandem on chromosome
10923-24 in the order listed above [1]. CYP2CS8 is a

1744-6872 © 2007 Lippincott Williams & Wilkins

concentration-time curve of paclitaxel, area under con-
centration-time curve of 6a-hydroxy-paclitaxel and 6«-,
C3'-p-dihydroxy-paclitaxel, and area under concentration-
time curve ratio of 6a-hydroxy-paclitaxel/paclitaxel.

Conclusion CYP2C8*IG group haplotypes were asso-
ciated with increased area under concentration-time curve
of C3'-p-hydroxy-paclitaxel and area under concentration-
time curve ratio of C3'-p-hydroxy-paclitaxel/paclitaxel.
Thus, *IG group haplotypes might be associated with
reduced CYP2C8 activity, possibly through its

reduced protein levels. Pharmacogenetics and Genomics
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clinically important enzyme, which metabolizes various
drugs such as the anticancer drug paclitaxel (PTX), the
antiarrthythmic drug amiodarone, the insulin secretagogue
repaglinide, the HMG-CoA reductase inhibitor cerivas-
tatin, and the nonsteroidal antiinflammatory drug ibu-
profen [1]. This enzyme is also involved in the oxidation
of retinoids and fatty acids including arachidonic acid {1].
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Up to 38-fold interindividual variability has been reported
on PTX 60-hydroxylation and rosiglitazone p-hydroxylation
and N-desmethylation by CYP2C8 [2,3]. Effects of
CYP2C8 genetic polymorphisms on metabolic activities
have also been studied. Two polymorphisms first identified
were 805A>T (lle269Phe, CYP2CS*2) and 416G >
A/1196A > G (Argl39Lys, Lys399Arg, CYP2C8*3). The *2
and *3 alleles were mainly found in Africans with 0.04-0.18
frequencies, and in Caucasians with 0.10-0.23 frequencies,
respectively [1]. Both alleles were associated with
decreased enzymatic activities for PTX 6a-hydroxylation
2 vitro [4-6]. CYP2C8*4 allele (792C > G, 1leZ64Met) was
found in British Caucasians [6]. We found 475delA
(CYP2C8*5) in Japanese, and this allele leads to a frame
shift at codon 159 followed by a stop codon at residue 177
[7]. We also found five additional polymorphisms
(CYP2CS8*6 to *10) in Japanese [8]. Among them,
CYP2C8*7 (556C>T, Argl86X) and *8 (556C>G,
Arg186Gly) are different nucleotide variations at the same
position. The former variation results in the stop codon,
and the latter leads to an amino-acid substitution with a
markedly reduced hydroxylation activity to PTX i vitro.
Recently, two additional variations, CYP2CE*13 (669T > G,
lle223Met) and *74 (712G > C, Ala238Pro), have been
reported [9].

To date, a few reports have shown the impact of
CYP2C8*3 alleles on drug pharmacokinetics. The pre-
sence of *3 was associated with reduced clearance and
increased area under concentration-time curve (AUC) of
(R)-ibuprofen [10]. In contrast, significantly reduced
AUC and C,,, of repaglinide were observed in the
patients with heterozygous *3 but not in patients with
heterozygous *4 [11]. As for PTX, previous studies failed
to show the influence of CYP2C8 variations on PTX
pharmacokinetics [12,13].

Haplotypes, linked polymorphisms on the same chromo-
some, often show more precise and strong association
with phenotypes such as adverse reaction and/or pharma-
cokinetics of drugs than individual polymorphisms [14].
In this study, we determined/inferred haplotype struc-
tures of the CYP2C8 gene using genetic polymorphisms
detected in 437 Japanese patients. Then, association
analysis was performed between the haplotypes and
pharmacokinetic parameters for PTX and its metabolites.
PTX is metabolized to form C3'-p-hydroxy-PTX (3'-p-
OH-PTX) and 60-hydroxy-PTX (6a-OH-PTX): both
metabolites are further hydroxylated to 6a-,C3’-p-dihy-
droxy-PTX (diOH-PTX) [2,15,16]. CYP2C8 metabolizes
PTX and 3'-p-OH-PTX into 6a-OH-PTX and diOH-
PTX, respectively. Another enzyme, CYP3A4, metabo-
lizes PTX and 6a-OH-PTX into 3'-p-OH-PTX and
diOH-PTX, respectively. Previously, we showed that a
CYP3A4 haplotype affected the pharmacokinetics of
these metabolites [9]. In this study, effects of CYP2CS
haplotypes on PTX metabolism were investigated.

Materials and methods

Patients for DNA sequencing

A total of 437 Japanese patients (235 cancer patients
administered PTX, 106 arthythmic patients, and 96
epileptic patients) participated in this study. This
population included 54 patients, who were previously
used to identify the CYP2C8*5 allele and four intronic
variations [7], and seven patients with CYP2CE*6 vo *10
[8], *13 and */4 alleles [9]. Written informed consent was
obtained from all participating patients. The ethical
review boards of the National Cancer Center, the
National Cardiovascular Center, the National Center of
Neurology and Psychiatry, and the National Institute of
Health Sciences approved this study.

Polymerase chain reaction conditions and DNA
sequencing

Genomic DNA was extracted . from whole blood leuko-
cytes. First, the entire CYP2C8 gene except for 8.8 and
—1.9kb enhancer regions was amplified in two portions
(from the promoter region to exon 5, and exons 6-9)
using the primer sets listed in the ‘first polymerase chain
reaction (PCR)’ section of Table 1. Amplification was
performed from 200 ng of genomic DNA using 1.25 units
of Z-T (Takara Bio. Inc., Shiga, Japan) with 0.2 pmol/l of
the primer sets. The first PCR conditions were 30 cycles
of 98°C for Ss, 55°C for 5s, and 72°C for 190s. Then,
each exon (except for simultaneous amplification of exons
2 and 3) was amplified by Ex-Taq (1.25 units) with a set
of primers (0.2 pmol/l) listed in the ‘second PCR’ section
of Table 1 (primers were designed in the intronic regions
or promoter region). The second-round PCR conditions
were 94°C for 5min, followed by 30 cycles of 94°C for
30s, 60°C for 1 min, and 72°C for 2 min, and then a final
extension at 72°C for 7 min. As for the —8.8 and —1.9kb
enhancer regions, amplification was performed directly

- from 50 ng of genomic DNA under the same conditions as

in the second round PCR. Thereafter, the PCR products
were treated with a PCR Product Pre-Sequencing Kit
(USB Co., Cleveland, Ohio, USA) and directly sequenced
on both strands using an ABI BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, Cali-
fornia, USA) with the primers listed in the ‘Sequencing’
section of Table 1. For the —8.8 and -1.9kb enhancer
regions, promoter region, exon 4, and exons 7-9, the
primer sets for the second PCR were also utilized for
sequencing. The excess dye was removed by a DyeEx 96
kit (Qiagen, Hilden, Germany). The eluates were applied
to an ABI Prism 3700 DNA Analyzer (Applied Biosys-
tems). All detected variations were confirmed by repeat-
ing the PCR from the genomic DNA and sequencing of
the newly generated PCR products. Genbank accession
number NT _030059.12 was used for the reference
sequence. Under conditions used, the —8.8kb enhancer
region (pregnanex receptor/constitutive androstane re-
ceptor-binding site and its surrounding region), —1.9kb
enhancer region (glucocorticoid receptor-binding site and
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Table 1 Primers used for the sequencing of CYP2C8
Forward primer Reverse primer
Amplified and
sequenced Sequences Position Sequences Position Amplified
region (5'-3) at 5'-end® (5'-3") at 5-end®  length (bp)
First PCR Promoter to CTGTGGTGTAAGTGGTAATGAAC 15578696 AAAAGCCCTGAGAACCTATAATC 15563106 15591
exon 5
Exons 6-9 TAAGTATTTGTCCCAGTGCTCTC 15562092 TAGCAACTATACAAGCACGGG 15544271 17822
Second PCR  -8.8kb CCCAAAAAAGAGCAGGTGTAGCCAT 15586590 TTACTGTCTGTCAAGTGGACCTATC 15586279 312
-1.9kb CTGACCCACATTTTACTCAACTG 156579731  CCCAGTTTAGAGAGGAGAAAGTTAG 15579471 261
Promoter GTCCTGTTCTCCCAGAGTTTC 15578600 TCTCCAGAGTGAAAAGAGAAGC 15577623 978
Exon 1 TCATAAATTCCCAACTGGTC 15578062 GAGCTTGCAGTGAGTGGAGA 15577279 784
Exons 2-3 TGCTGAATGTGTTGAAGTGAGG 16576234 CTCCCTTGTCTCTGTGCTTC 15575334 901
Exon 4 AGGCAGTGGATGTGAATAACC 15573481  TCTGTACCTAAAGATTGGAGGCTG 15572897 585
Exon 5 TCTCAGCATACTATCACAAGGAC 156567211  TAAGGGCTATGTCAATGTGC 15566208 1004
Exon 6 ACTAACCTAAGCAGCGAATGA 15654467 TTTTCATCTCCCCACCACAGCATT 15553696 772
Exon 7 GGCTGGTTGTACTTCTGGAC 15551500 AATAGCAGAAAGTCCATCAAGC 15551034 467
Exon 8 GAAGTGATGAAATAGAGCGGCAA 15547620 TAGTGGCAGAGTTCAGTCAAACC 15546922 699
Exon 9 TGGGAATAAATAAAGAAATGACTG 15645899 GTCAGCATTAGAAAAGTATTAGCA 15545166 734
Sequencing® Exon 1 CAGTGTTTCTCCATCATCACAGC 15577988 TTCAGAGGGAGTATTTTGCTTT 15577388
Exon 2 CATCACAGGCCATCTATAAGTGG 15576165 CCCCCTCACCCCAGTTACC 15575764
Exon 3 GGTAACTGGGGTGAGGGGG 156575782 CTCCCTTGTCTCTGTGCTIC 15575334
Exon 5 GGAACATTACACACTGGGGT 16567115  ATTATTTTTATTTCAAGAAGAGGG 15566396
Exon 6 ACTAACCTAAGCAGCGAATGA 15554467 TCTCTGTCATCCTCCTCCATT 156553904

“Primer sets for the second PCR were used for the —8.8kb, —1.9kb, promoter, exons 4, 7, 8 and 9.
*The position in the reference sequence, NT_030059.12.

its surrounding region), promoter region (up to 890 bases
upstream of the translational initiation site, including
hepatocyte nuclear factor 4o-binding site) [17] and all
nine exons and its flanking introns were successfully
sequenced for all patients analyzed.

Linkage disequilibrium and haplotype analyses

Hardy-Weinberg equilibrium and linkage disequilibrium
(LD) analyses were performed by SNPAlyze software
(version 3.1, Dynacom Co., Yokohama, Japan), and a pairwise
LD between variations was obtained for the |D’| and rho
square (r?) values. Some haplotypes were unambiguously
determined from patients with homozygous variations at all
sites or a heterozygous variation at only one site. Separately,
diplotypes (a combination of haplotypes) were inferred by
LDSUPPORT software, which determines the posterior
probability distribution of the diplotype configuration for
each patient based on estimated haplotype frequencies [18].
Diplotypes of all patients were inferred with probabilities
(certainties) of more than 0.95 except for 18 patients.
Haplotypes without amino-acid changes were designated as
*7, and haplotypes with amino-acid changes were numbered
according to the assignments by the Human Cytochrome
P450 (CYP) Allele Nomenclature Committee (fzp://
www.cypalleles.kiselcypZc8.htm). The estimated haplotypes
(subtypes) were tentatively shown with numbers plus small
alphabetical letters. The haplotypes (subtypes) already
assigned by the Committee were described as numbers
plus capital alphabetical letters (*74, *IB, and *I().
Network analysis was performed using haplotypes detected
in more than two patients with Network 4.1.1.2 by median-
joining algorithm (Aezp://fluxus-engineering.com/) [19].

Patients administered PTX and pharmacokinetic
analysis

Demographic data of 235 PTX-administered cancer
patients including their eligibility criteria were described
previously [9]. Of the 235 patients, 199 (185 nonsmall cell
lung cancer, four thymic carcinoma, four breast cancer, and
six other cancers) were treated with PTX at doses of
175-210 mg/m? (the high-dose group in the previous paper
[9]) at the National Cancer Center, and used for analysis of
associations between haplotypes and pharmacokinetic
parameters. These patients consisted of 139 men and 60
women with a mean age of 60.8 (range: 29-81) years. All
patients were naive to PTX and pretreated with dexa-
methasone and an antiallergic agent (diphenhydramine or
chlorpheniramine maleate) as prophylactics against hyper-
sensitivity reactions. Carboplatin or nedaplatin was coad-
ministered to almost all patients immediately after PTX
treatment. The ethical review boards of both the National
Cancer Center and the National Institute of Health
Sciences approved this study. Written informed consent
was obtained from all patients.

Methods for pharmacokinetic analysis were described
previously, and the parameters obtained previously were
used for the current association studies [9].

Statistical analysis for association studies

Differences in medians of pharmacokinetic parameters
were analyzed by the Kruskal-Wallis test or the
Mann-Whitney U-test. Statistical analysis was done using
Prism v.4.00 (GraphPad Software Inc., San Diego,
California, USA) and SAS v.8.2 (SAS Institute Inc., Cary,
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North Carolina, USA). A significance level of 0.05 was
applied to all two-tailed analyses.

Results

CYP2C8 variations

We reported previously the CYP2CS nonsynonymous varia-
tions, *5 (475delA, 159f:X18) [7], *6 (511G > A, Gly171Ser),
*7 (556C>"T, Argl86X), *& (556C > G, Argl86Gly,) *9
(740A > G, Lys247Arg), *10 (1149G > T, Lys383Asn) [8],
*13 (669T > G, lle223Metr), and *74 (712G > C, Ala238Pro)
[9]. These variations were, however, very rare in the
Japanese, and it was rather difficult to perform statistical
evaluation on their in-vivo associations with altered function,
because of low frequencies [9]. Therefore, we continued
resequencing this gene including the promoter and intronic
regions for up to 437 patients. The enhancer regions were
also sequenced for 199 patients administered PTX. Table 2
summarizes the obtained data, where Genbank accession
number NT _030059.12 was utilized for the reference
sequence. Forty vanations, including 11 novel ones, were
detected in 437 patients. Because we did not find any
significant differences in the genotype distributions among
the three disease types (P > 0.05 by ¥ test or Fisher’s exact
test), data from all patients were analyzed as one group. All
detected variations were found in Hardy-Weinberg equili-
brium (P > 0.05 by % test or Fisher’s exacr test), except for
two polymorphisms IVS3—-97delT and IVS3-21 -20insT.
These deviations were due to the occurrence of one extra
homozygote, and the existence of these homozygotes was
confirmed by amplification of DNA by another set of primers
and resequencing (data not shown). The overall frequencies
of the previously reported nonsynonymous variations
CYP2C8*5, *6, *7, *8, *9, *10, *12 (1382_1384del TTG,
del 461Val), */3, and *14 were 0.00Z, 0.002, 0.001, 0.001,
0.001, 0.001, 0.001, 0.001, and 0.001, respectively, and they
were all found as heterozygotes. We also detected
-271C> A (CYP2C8*1B) and -370T >G (*I1C) at fre-
quencies of 0.106 and 0.330, respectively. The frequency of
the */C allele in Japanese is approximately 5.4-fold higher
than in Caucasians [6]. We did not detect any variation
in the functional hepatocyte nuclear factor 4o-binding site
(=155 to -137 from the translational start site on
NT _030059.12) [17], and its surrounding region in 437
patients. Also no variation was found in .pregnanex receptor/
constitutive androstane receptor-binding site (—8807 to —
8788), glucocorticoid receptor-binding site (—1930 to —
1910) [17], and their surrounding regions in 199 PTX-
administered patients.

Linkage disequilibrium analysis

Using the 15 detected polymorphisms greater than 0.03
in frequency, LD was analyzed for |D'| and 7* values
(Fig. 1). | D'| values were more than 0.9 in 89 out of 105
(85%) combinations (Fig. 1, lower left). For % values
(Fig. 1, upper right), strong LD (r* > 0.80) was observed
among  IVS2-64A > G, IVS2-13 —-12insT, IVS3
—166A > G, IVS4-150G > A, IVS4-94T > C, IVS6 + 196-

G>A, IVS7+49T>A, IVS8+106G>A, and 1497
(*24)C >T. These polymorphisms were also moderately
linked with —411T>C and -370T>G (+* > 0.49).
Strong LD was also observed between IVS3-21T >A
and IVS4+151G>A (#*=0.93), and both variations
were partially linked with IVS8-204A>G (+* = 0.57).
The 7* values of the other combinations were
below 0.33. Collectively, relatively strong LDs were
observed throughout the CYP2CS gene, suggesting that

- one LD block covers the entire region analyzed (approxi-

mately 33kb). Thus, CYP2CS haplotypes were analyzed as
one block.

Haplotype analysis

Haplotypes determined/inferred are shown in Fig. 2. The
haplotypes obtained in this study were tentatively shown
as a number plus small alphabetical letter except for the
haplotypes already publicized on the Human Cytochrome
P450 (CYP) Allele Nomenclature Committee website,
which are described as the number plus capital alphabe-
tical letter (*/4, *1B, and *71C). Several haplotypes were
first unambiguously assigned by homozygous single
nucleotide polymorphisms at all sites (*/4-*If, *1j, and
* [w) or a heterozygous single nucleotide polymorphism at
only one site (*14, *Im, *It, *1z, *laa, and *&b).
Separately, diplotypes for each patient were inferred by
LDSUPPORT software. The additionally inferred haplo-
types were 27 */ subtypes (*Ig, *14, *1/, *In to *1s, *1u,
*Iv, and other very rare 17 haplotypes), and eight
haplotypes with nonsynonymous variations (*54, *66,
*7b, *9b, ¥10b, *¥12b, *13b, and *146). The *1 subtypes
inferred in only one patient are grouped into ‘others’ in
Fig. 2, and haplotypes with nonsynonymous variations are
described with ‘2’ except.for unambiguous *85, since the
predictability for these very rare haplotypes is known to
be low in some cases. Overall, 49 haplotypes were
determined and/or inferred. The most frequent haplo-
type was */d (frequency: 0.366), followed by */e (0.289),
*If (0.113), and */B (0.085). Frequencies of the other
haplotypes were less than 0.05.

" Next, we performed network analysis using haplotypes

found in more than two patients to clarify the relation-
ships among the haplotypes. The results showed that the

"~ *] subtypes could be further classified into six groups,

*[A, *IB, *ID, *IE, *IG, and *IJ groups (Fig. 3). The
grouping of *7 subtypes was also shown in Fig. 2. Their
frequencies were 0.435 (*/E group), 0.381 (*/D), 0.103
(*IB), 0.030 (*IG), 0.021 (*I4), and 0.013 (*/J). Five rare
unclassified *7/ subtypes were shown in ‘*1 others’.
Haplotypes *54 and *64 were shown to be derived from
*1d and *1B, respectively.

Effects of CYP2C8 haplotypes on PTX metabolism

CYP2CS catalyzes biotransformation of PTX into 6a-OH-
PTX and of 3'-p-OH-PTX into diOH-PTX. The effects
of CYP2C8 haplotypes on PTX clearance, AUCs of PTX
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Fig. 1
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Linkage disequilibrium (LD) analysis of CYP2C8. Pairwise LD between
variations with > 3% frequencies is expressed as || (lower left) and
72 (upper right) by 10-graded blue colors. A denser color represents a
higher linkage. i

and its merabolites, and metabolic ratios (ratios of
metabolite AUCs to PTX AUC) were investigated in
199 PTX-administered patients. '

Because nonsynonymous variations were all rare, we
focused on the effects of diplotypes using grouped */
haplotypes (i.e. */4, */B, etc). No significant differences
were observed in clearance of PTX, AUCs of PTX, 6u-
OH-PTX and diOH-PTX, and AUC ratio of 6a-OH-PTX/
PTX among the grouped */-diplotypes found in more
than three patients (data not shown). A statistically
significant deviation, however, was observed in AUC of 3'-
p-OH-PTX among the grouped */-diplotypes (7 = 3)
(P = 0.014 by Kruskal-Wallis test) (Fig. 4a). Furthermore,
AUC ratio of 3'-p-OH-PTX/PTX also showed a tendency
to be different among the grouped *7/-diplotypes of # > 3
by the same test (P =0.071) (Fig. 4b). Careful analysis
revealed that significant differences in both parameters
were observed between *[D/*ID and *IG/*ID patients
(P <0.05 for both parameters, Mann-Whitney U-test)
and between */E/*IE and *IG/*IE patients (P < 0.001
for AUC of 3'-p-OH-PTX and P < 0.01 for AUC ratio of
3-p-OH-PTX/PTX) (Fig. 4).

Next, heterozygous */G diplotypes were combined into
*IG/non-*IG diplotypes (z=11). Because no significant
differences were observed among the other *I/*/ groups,
all the other *{/*/ diplotypes were combined into one
group, designated as non-*IG/non-*IG. As shown in Fig. 5a,
the median AUC of 3'-p-OH-PTX was about 2.5-fold

higher in the */G/non-*IG patients than in the non-*IG/
non-*IG patients (P <0.001 by Mann-Whitney U-test).
The median value of 3’-p-OH-PTX/PTX AUC ratio was
also about 64% higher in the *IG/non-*IG patients than in
the non-*IG/non-*IG patients (P <0.001, Fig. 5b). In
contrast, there were no significant differences in AUG of
6a-OH-PTX and AUC ratio of 6a-OH-PTX/PTX be-
tween the two groups (Fig. 5c and d) although the AUG
ratio was about 9% lower in the */G/non-*IG patients than
in the non-*IGfnon-*IG patients (Fig. 5d). Considering the
metabolic route of PTX, these findings suggest that
CYP2(CS8 activity is probably reduced in the */G-bearing
patients.

Recently, we have shown that CYP344*16B (and probably
*6, = 1) decreases the AUC ratio of 3'-p-OH-PTX/PTX,
and that no other major CYP344 haplotypes significantly
affect the AUC ratio and other PK parameters analyzed
[9]. Therefore, we analyzed the effects of */G on the
AUC of 3'-p-OH-PTX and AUC ratio of 3'-p-OH-PTX/
PTX excluding CYP3A4*16B- and *6-bearing patients
and confirmed the increasing effects of */G (P < 0.001 for
both by Mann-Whitney U-test). In addition, the
significantly increasing effects of CYP2C8*IG were also
observed within CYP3A44*1A4/*14 patients (P < 0.001 for
AUC of 3'-p-OH-PTX and P < 0.01 for AUC ratio of 3'-p-
OH-PTX/PTX, Mann-Whitney U-test). Furthermore,
distributions of CYP3A4 diplotypes/haplotypes were not
significantly different between the CYPZC8*IG/non-*1G
patients and the non-*IG/non-*IG patients (P> 0.05 by
Fisher’s exact test). These results suggest that the
effects of CYP2C&*IG are independent of the CYP344
genotypes. Gender also affects the AUC ratio of 3'-p-OH-
PTX/PTX [9]. Statistical analysis using data from men
only also gave almost the same increasing effects of */G
(P <0.001 for the AUC of 3-p-OH-PTX and P = 0.001
for the AUC ratio of 3'-p-OH-PTX/PTX, Mann-Whitney
U-test).

To identify further the genetic variation responsible for
the increased AUC of 3'-p-OH-PTX and increased AUC
ratio of 3'-p-OH-PTX/PTX, we next focused on the
variations in the */G group. Among them, the patients
bearing IVS3-21T > A showed statistically significant
increases in these parameters compared with the patients
without this variation (P <0.001 for both parameters,
Mann—-Whitney U-test). The *Iz haplotype also harbored
IVS3-21T>A, and one patient with the */#/*1d
diplotype (grouped into */D/*ID) had the second highest
AUC of 3-p-OH-PTX (1.07h*ug/ml) and the second
highest AUC ratio of 3'-p-OH-PTX/PTX (0.0497) in the
24 *ID/*ID patients (Fig. 4, grey arrowheads). These
findings suggest that IVS3—-21T > A might be involved in
the altered CYP2CS8 activity, although we cannot exclude
the possibility that other identified/unidentified linked
variation is causative.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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