been evaluated. To date, no organ dysfunction meeting the pro-
tocol-defined dose-limiting toxicity (DLT) criteria has been
reported in any of these studies, and the maximum tolerated
dose has not been defined.

In phase I or II studies of single-agent PF-3512676, the mini-
mum dose level at which objective response was reported was
0.16 mg/kg weekly in patients with cutaneous T-cell lymphoma
or RCC and 6 mg (approximately 0.10 mg/kg) weekly in
patients with advanced melanoma.*19 A subsequent, random-
ized phase 1I study in Western patients with chemotherapy-naive
NSCLC investigated PF-3512676 (0.2 mg/kg) in combination
with standard taxane/platinnm doublet chemotherapy (n = 74)
and chemotherapy alone (1 = 37).47 The PF-3512676 dose of
0.2 mg/kg was selected to be above the minimum dose associ-
ated with antitumor activity in phase I and II studies of single-
agent PF-3512676 and below the dose level (0.24 mg/kg) that,
in the same single-agent studies, had been well tolerated for up
to 6 months by the majority of patients. In the randomized phase
IT NSCLC study, the response rate in the PF-3512676 plus che-
motherapy arm was higher than that in the chemotherapy-alone
arm (30% vs 19% confirmed response rate, respectively). In addi-
tion, there was a trend toward improved median overall survival
with addition of PF-3512676 to chemotherapy (12.3 months
compared with 6.8 months for chemotherapy alone, P = 0.183).
One-year survival was 50% and 33% for PF-3512676 plus che-
motherapy and chemotherapy alone, respectively. Common
adverse events (AEs) considered related to treatment with PF-
3512676 and not to chemotherapy were injection-site reactions
and flu-like symptoms. Other, less-common AEs considered
related to treatment with PF-3512676 were febrile neutropenia,
anemia, and thrombocytopenia. Overall, a 0.2 mg/kg dose of
PE-3512676 in combination with taxane/platinum doublet che-
motherapy appeared to have promising antitumor activity as
well as a favorable safety profile and was recommended for fur-
ther study in patients with advanced NSCLC.!'"

The present phase I study was conducted to investigate
the safety and pharmacokinetics of PF-3512676 both as mono-
therapy and in combination with carboplatin and paclitaxel as
first-line therapy for Japanese patients with advanced NSCLC.

Patients and Methods

Patients. Patients aged 20 to 75 years with histopathologically
or cytologically diagnosed, previously untreated stage IIIB or IV
NSCLC were eligible. To enroll in the study, patients were
required to have a life expectancy 23 months, an Eastern Coop-
erative Oncology Group performance status (ECOG PS) of <1,
and at least one measurable lesion of 220 mm according to
Response Bvaluation Criteria in Solid Tumors (RECIST).Y®
Patients were also required to have adequate renal, liver, and
bone marrow function (serum creatinine <1.5 X upper limit of
normal [ULN], total bilirubin <1.5 x ULN, aspartate amino-
transferase and alanine aminotransferase <2.5 x ULN, absolute
neutrophil count >2000/mm>, platelets 2100 000/mm? and
hemoglobin 210 g/dL).

Patients were excluded if they had brain or central nervous
system metastases that were symptomatic or requiring treatment;
any other malignancies within the past 5 years (except non-mel-
anoma skin cancer or adequately treated in sint cervical cancer,
gastric cancer, or colorectal cancer); autoimmune or antibody-
mediated diseases; possible hypersensitivity to ODNs or castor
oil; or hepatitis B or C infection. In addition, patients were
excluded if they had participated in any other clinical trials; had
received other investigational drugs within the previous
3 months; were pregnant or lactating; had uncontrolled infec-
tions or hypertension; had certain cardiac abnormalities; or
required chronic treatment with therapeutic doses of systemic
corticosteroids.

Yamada et al.

This study was conducted according to the Declaration of
Helsinki and its amendments, Japanese Good Clinical Practice
guidelines, and in agreement with the Institutional Review
Board at the National Cancer Center Hospital (Tokyo, Japan).
All patients provided written informed consent prior to study
procedures.

Study design and treatments. This was an open-label phase T
study in patients with advanced NSCLC. Patients received
single-agent PF-3512676 subcutaneously on day 1, followed by
7 days of observation. Tf safety was confirmed, the patient
immediately proceeded to the combination therapy phase. Dur-
ing combination therapy, carboplatin (area under the curve
[AUC] 6 mg X min/mL) and paclitaxel (200 mg/mz) were
administered by intravenous (i.v.) infusion on day | and PF-
3512676 was administered subcutaneously on days 8 and 15 of
a 3-week cycle. Treatments were administered for a maximum
of six cycles. Dexamethasone (20 mg) and chlorpheniramine
maleate (10 mg) were administered by i.v. infusion 1 h before
and ranitidine (50 mg) by i.v. infusion at least 30 min before
each administration of paclitaxel.

During the monotherapy phase, patients in dose levels 1 and 2
were to be administered 0.1 mg/kg and 0.2 mg/kg PF-3512676,
respectively. These doses were to be maintained during the com-
bination therapy phase. Patients in dose level 3 were to receive
0.4 mgskg PF-3512676 in the monotherapy phase and
0.2 mg/kg during the combination therapy phase. The three
treatment arms with a maximum dose of 0.4 mg/kg PF-3512676
during the monotherapy phase were designed to establish one of
the primary endpoints of this study: the pharmacokinetic (PK)
profile of PF-3512676 in Japanese patients. Another study objec-
tive was to determine whether the same dose (0.2 mg/kg) of
PF-3512676 that was used in combination with chemotherapy in
the phase IT and III studies of this agent in Western patients with
NSCLC would also be recommended in Japanese patients.
Therefore, PF-3512676 in dose level 3 was reduced from
0.4 mg/kg to 0.2 mg/kg when patients moved from the mono-
therapy to the combination phase. Patients with no DLT in the
monotherapy phase could move immediately into the combina-
tion phase. For patients in level 3 only, any DLT observed dur-
ing the monotherapy phase would have led to extension of the
duration of this phase of the study by | week; if severity of tox-
icity decreased to <grade 1, patients would then continue into
the combination therapy phase. A DLT was defined as any of
the following: zgrade 3 febrile neutropenia accompanied by
infection, 2grade 3 non-hematologic toxicity; 2grade 3 injection
site reaction; >grade 3 thrombocytopenia requiring transfusion;
grade 4 flu-like symptoms; grade 4 neutropenia lasting 7 days;
or grade 4 thrombocytopenia. DLT evaluation took place during
monotherapy and the first cycle of combination therapy. PF-
3512676 activates the immune system, and conumonly associ-
ated AEs include flu-like symptoms and mild neutropenia
believed to be the result of transient migration of neutrophils
into peripheral tissues. This is distinct from bone-marrow sup-
pression and may not necessarily be an indication of an
increased risk of infection. Therefore, in this study, >grade 3
neutropenia was not considered a DLT unless it was accompa-
nied by infection. If, following a DLT, continnation of study
was judged to be possible with dose reduction of chemothera-
peutic agents, and if study protocol dose-reduction criteria were
satisfied, treatment could be continued. The dose of carboplatin
could also be reduced to AUC 4.5 mg x min/mL and/or paclit-
axel to 150 mg/m? if, in the absence of a DLT, patients had spe-
cific, predesignated hematologic or non-hematologic adverse
events, These dose modifications were based on those reported
for the Four-Arm Comparative Study."? The planned sample
size for dose levels I and 3 was three patients each. If one DLT
was observed in dose level | or 3, three additional patients were
to be enrolled. The planned number of patients in dose level 2 in

Cancer Sd | January 2010 | vol. 101 | no. 1 | 189
©® 2009 Pfizer Japan Inc.

—~454-



]

this study was predefined to be six patients. If >1 DLT was
observed in dose levels 1 or 2, the study would not have pro-
gressed to the next level. Dose level 2 in this study was the same
dose used in preceding clinical studies in Western patients.

Primary endpoints were evaluation of safety and PK of PF-
3512676 during the monotherapy and combination therapy
phases. Secondary endpoints included evaluation of patient
immune function and objective tumor response according to
RECIST.

Pretreatment assessment and follow-up studies. History, phys-
ical examination (including temperature, blood pressure, heart
rate, and weight) ECOG PS, and routine laboratory studies were
performed at baseline, before each treatment cycle, and at end
of the study. Routine laboratory studies included serum electro-
lytes, renal and liver function tests, complete blood count and
differential white blood cell counts, coagulation studies, and uri-
nalysis. Physical examination and complete blood count were
also performed on days 2, 3, and 4 of the monotherapy phase
and on days 1,8, 9, 10, 11, and 15 of the first cycle of combina-
tion therapy. After patients completed one cycle of monotherapy
and one cycle of combination therapy, these tests were per-
formed on days I, 8, and 15 of all other cycles of combination
therapy. An electrocardiogram was performed at baseline as
well as at 3 and 24 h after administration of PF-3512676 mono-
therapy. Severity of AEs and other symptoms were evaluated
according to Common Terminology Criteria for AEs (CTCAE)
version 3.0. Relevant radiologic studies to assess measurable
and evaluable disease were repeated after every other cycle, and
responses were scored according to RECIST.

Pharmacokinetics. To compare the PK of PF-3512676 in the
monotherapy phase with its PK during the combination therapy
phase, blood samples were collected predose and at 1, 2, 3, 5, 7,
10, 24, 48, 72, and 96 h postdose in the monotherapy phase as
well as predose and at 1, 2, 3, 5,7, 10, 24, 48, 72, and 96 h post-
dose on day & of the first cycle of the combination . therapy
phase. For each sample, 4 mL of whole blood was collected in a
tube containing EDTA-2K dipotassium salt. Collected samples
were centrifuged at 1000g for 10 min, and resultant plasma
was stored in aliquots at or below —70°C until analysis. Concen-
trations of PF-3512676 were determined by Pharmaceutical
Product Development (Richmond, VA, USA) using a validated
hybridization assay with capture and detection probes comple-
mentary to either the 3’ or 5’ portions of the molecule. Pharma-
cokinetic parameters were calculated and summarized using
descriptive statistics.

Pharmacodynamics. To evaluate patient immune function,
blood samples were collected to measure the serum concentra-
tions of IP-10, TL-6, IFN-o, IL-12p40, monocyte chemotactic
protein-1 (MCP-1), and C-reactive protein (CRP). Serum sam-
ples were collected predose and at {, 3, 7, 24, 48, 72, 96, and
168 h postdose of PF-3512676 in the monotherapy phase. Dur-
ing the combination therapy phase, samples were collected on
day 8 of the first cycle of combination therapy predose and at 1,
3, 7, 24, 48, 72, 96, and 168 hi postdose. For each sample,
>3 mlL of whole blood was collected, stored at room tempera-
ture for 30 min, and then centrifuged at 1000g for 10 min.
Resultant serum was stored in aliquots at or below —70°C until
analysis. Serum levels of IFN-2, IL-12p40, and MCP-1 were
determined by the Human Custom Three-Plex Beads Kit (Invi-
trogen/Biosource, Carlsbad, CA, USA). Multianalyte profiling
was performed on the BioPlex® Suspension Array System, and
acquired fluorescence data were analyzed by the BioPlex Man-
ager software versions 4.1 (BioRad Laboratories, Hercules, CA,
USA). The levels of CRP, IP-10, and TL-6 were determined by
ELISA (enzyme-linked iminunosorbent assay). C-reactive pro-
tein was quantified with the C-reactive Protein (hsCRP) EIA kit
(ALPCO Diagnostics, Salem, NH, USA). Interleukin-6 and
IP-10 were detected using the Quantikine® HS Human TL-6
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Immunoassay kit and Quantikine® Human CXCL10/IP-10
Immunoassay kit (R&D systems, Minneapolis, MN, USA),
respectively. The levels of TFN-2, MCP-1, TL12-p40, and CRP
were determined at Mitsubishi Chemical Medicine (Tokyo,
Japan). The levels of IP-10 and IL-6 were determined at Quest
Pharmaceutical Services (Newark, DE, USA).

Results

Patient characteristics, From June 2006 to March 2007, a
total of 12 patients were enrolled, and all patients were trea-
ted with PF-3512676 monotherapy and at least one cycle of
combination therapy. There were seven male and five female
patients in this study, and median age was 60 (range, 41-69)
years (Table 1). Most patients had stage TV disease (8/12,
67%) and adenocarcinoma (9/12, 75%). Forty-two total cycles
of combination therapy were administered, and the median
number of combination therapy cycles per patient was four
(range, 1-6).

Safety. A list of any-grade AEs with incidence of 30% or
more in either the monotherapy phase or the entire study (both
monotherapy and combination therapy phases) is presented in
Table 2. Many treatment-related AEs observed during the com-
bination therapy phase were likely to be at least in part related
to PF-3512676, as they also developed in patients during the
monotherapy phase. Treatment-related AEs that occurred in
>30% of patients during monotherapy included injection-site
reactions (n = 12, 100%), flu-like symptoms (n = 11, 91.7%),
lymphocytopenia (1 = 6, 50.0%), leukopenia (n = 4, 33.3%),
and anemia (n =4, 33.3%). Neutropenia was also observed
@ = 3, 25.0%). Through the entire study period the most com-
mon treatment-related AEs of any grade were injection-site
reactions, neutropenia, and leukopenia (n = 12, 100% for each);
anemia, flu-like symptoms, and lymphocytopenia (n = 11,
91.7% each) were also very comimon.

Only injection-site reactions and flu-like symptoms occurred
with similar frequency in both monotherapy and combination
therapy phases, suggesting these AEs were most closely related
to treatment with PF-3512676. Certain AEs such as thrombocy-
topenia, monocytopenia, and malaise that were observed during
the combinatioun therapy phase were not observed at all during
monotherapy phase, suggesting they were most closely related
to chemotherapy.

Seven patients discontinued study therapy; one patient in dose
level 1 discontinued as the result of progressive disease, while
the remaining six patients (85.7%) discontinued as a result of

Table 1. Characteristics of patients

Enrolled patients, n 12
Age (years), median (range) 60 (41-69)
Gender, n (%)

Men 7 (58)

Women 5 (42)
Baseline ECOG performance status

g 7

1 5
Histologic classification of NSCLC, n (%)

Adenocarcinoma 9 (75)

Squamous cell carcinorna 2(17)

Other 1(8)
Clinical stage, n (%)

ne 4(33)

I\ 8 (67)

ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small-cell
fung cancer.
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AEs or laboratory abnormalities (one patient in dose level 1,
three patients in dose level 2, and two patients in dose level 3).
All of the discontinuations resulting from AEs or laboratory
abnormalities occurred during combination therapy, and the
AEs that led to discontinuation varied. The patient in dose level
1 discontinued as a result of grade 2 nausea and grade 2 vomit-
ing that were related to both PF-3512676 and chemotherapy.
One patient in dose level 2 discontinued after having multiple
hematologic AEs that were related to both PF-3512676 and che-
motherapy: grade 4 anemia, and grade 2 neutropenia and leuko-
penia. Another patient in dose level 2 discontinued after having
PF-3512676-related, grade 2 flu-like symptoms (this event was
considered unrelated to chemotherapy). The third discontinua-
tion in dose level 2 was the result of grade 3 increase in y-glut-
amyltransferase that was considered related to PF-3512676 and
chemotherapy and a grade 3 rash considered related to chemo-
therapy, but not to PF-3512676. One discontinuation in dose
level 3 was the result of grade 2 peripheral neuropathy that was
considered to be related to paclitaxel. The other was a patient
who developed PE-3512676-related grade 3 anorexia and
flu-like symptoms (these events were considered anrelated to
chemotherapy).

Although all patients reported treatment-related AEs of
2grade 3, no serious ABs were reported. No DLTg occurred dur-
ing the monotherapy phase. One patient in level 2 experienced a
DLT in the combination therapy phase. This patient developed
grade 3 rash and grade 3 increase in y-glutamyltransferase on
days 9 and 10 of the first cycle of combination therapy, respec-
tively. Both events decreased to grade 2 by day 13 of the same
cycle and to grade | after completion of the DLT observation
period. The patient discontinued study therapy as a result of
these AEs. No further DLTs were observed. Therefore, the study
progressed to the highest planned dose level. ‘

Efficacy. Of 12 patients treated with PF-3512676 and chemo-
therapy, one patient (8%) achieved a complete response (CR)
and three patients (25%) had partial responses (PRs). All objec-
tive responses were among patients treated in dose levels 1 and
2. In addition, seven patients (58%) had stable disease (SD).

Pharmacokinetics. The plasma concentration profiles of PE-
3512676 were similar in the monotherapy and combination ther-
apy phases (Fig. 1), and overall pharmacokinetic parameters of
PF-3512676 were not different with addition of chemotherapy
(Table 3). Median time to highest plasma concentration ranged
from 2-3 h and mean peak plasma concentration (Cp,y) of PR-
3512676 appeared to be dose dependent. Furthermore, mean
half-life (1;,,) of PF-3512676 varied with dose, ranging from
4.8 to 21.6 h during the monotherapy phase and from 7.9 to
9.5 h in combination therapy phase, with longer t,,, for higher
doses of PF-3512676. Based on these PK data, accumulation of
PF-3512676 was not observed in this study.

Pharmacodynamics. [FN-2, IL-12p40, IL-6, IP-10, CRP, and
MCP-1 were evafuated following treatment with PF-3512676

Table 3. Pharmacokinetics of PF-3512676

1800 Monotherapy

~»-0.1 mg/kg {n = 3)
1600 —-0.2 mg/kg {n = 6)
——0.4 mg/kg {n = 3}

g

Combination therapy
~0-0.1 mg/kg {n = 3)
-0-0.2 mg/kg {n = 9)

Plasma concentration (ng/ml.}
POl

P -] By

§ 8 8 8 B

]
S

y —

>

12
Time (R}

Fig. 1. Pharmacokinetics (PK) of PF-3512676 were similar during
monotherapy and combination therapy phases. To compare the PK of
PF-3512676 in the monotherapy phase with the PK of the
combination therapy phase, blood samples were collected predose
and at 1, 2, 3, 5 7, 10, 24, 48, 72, and 96 h postdose in the
monotherapy phase as well as predose and at 1, 2, 3, 5, 7, 10, 24, 48,
72, and 96 h postdose on day 8 in the first cycle of the combination
therapy phase. A custom-designed hybridization enzyme-linked
immunosorbent assay was used. Mean plasma concentration = SD of
each time point for each group is shown,

during both monotherapy and combination therapy phases for
all dose levels. For each assayed cytokine or protein, detected
levels began to escalate at approximately 3 h postdose, but time
to peak concentration varied from approximately 24 to 96 h
(Fig. 2). Levels returned to predose concentrations by ~168 h
postdose. Pharmacodynamic profiles of the cytokines and pro-
teins during the combination therapy phase were similar to their
corresponding profiles in the monotherapy phase, although there
was a trend toward lower peak cytokine and protein levels in the
combination therapy phase. However, it must be noted that there
was considerable variation in individual predose and maximum
concentrations. Cytokine and protein profiles of patients who
achieved objective responses were not different from those of
patients without evidence of antitumor activity.

Discussion

This phase 1 study was conducted to examine the safety and
PK of PF-3512676 as a single agent and in combination with
carboplatin/paclitaxel therapy in Japanese patients with previ-
ously untreated NSCLC. Treatment with carboplatin and paclit-
axel is a standard approach for patients with advanced NSCLC
in Japan."'"” American Society of Clinical Oncology guidelines
for treatment of previously untreated stage IV NSCLC recom-
mend combination chemotherapy, but suggest stopping this

’ Mean Chax, Mean AUCq-..y Median tnax Mean ty,3,
Dose level n ng/mL (SD) ng x h/mL (SD) hours (range) hours (SD)
Monotherapy

0.1 mgskg 3 90 (36) 376 (73) 2 (2-3) 4.8 (3.4)

0.2 mgrkg 6 217 (80) 856 (127) 2{1-3) 12.8 (14.0)

0.4 mg/kg 3 1010 (633) 5270 (2450) 2 (2-2)t 21.6 (16.4)
Combination therapy

0.1 mgskg 3 55 (19) 379 (55) 3 (2-3) 7.9 (6.2)

0.2 mg/kg 9 226 (124) 1340 (775) 2 (1-3) 9.5 (6.9)

+All patients had reached maximum concentration of PF-3512676 by 2 h postdose. AUC, area under the curve; Guax peak plasma concentration;
sD, standard deviation; t, half-life; .., time to maximum plasma concentration.
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weatment if patients do not respond after three or four cycles.™”

Furthermore, in a recent phase III trial in Japanese patients, the
median number of cycles of first-line platinum-based: chemo-
therapy was three.?” In this phase I study, patients received a
median of four cycles of chemotherapy combined with PF-
3512676. Therefore, SC delivery of PF-3512676 was consid-
ered tolerable either as monotherapy or in combination therapy
at the highest doses tested in this study (0.4 mg/kg and
0.2 mg/kg, respectively).

Through the entire study period, the most common treatment-
related AEs of any grade were injection-site reactions,
neutropenia, leukopenia, anemia, flu-like symptoms, and lympho-
cytopenia. Injection-site reactions and flu-like symptoms were
likely related to treatment with PF-3512676 alone, as they
occurred with similar frequency in both the monotherapy and the
combination therapy phases. There was no clear dose relationship
for these AEs during PF-3512676 . Other AEs (eg,
leukopenia, neutropenia, lymphocytopenia, anemia, and anor-
exia) observed during both phases of the study were probably
related to treatment with both PF-3512676 and chemotherapy,
because they occwred more frequently during the combination
therapy phase than the monotherapy phase. There was no indica-
tion of cumulative toxicity. These safety results are similar to
those from a previous phase I study in Western patients. ” Tn that
study, the most common AEs related to PF-3512676 and not to
chemotherapy were mild to moderate injection-site reactions and

monotherapy

Yamada et al.

fAu-like symptoms. Other less common AEs considered related to
treatment with PF-3512676 were neutropenia, anemia, and throm-
bocytopenia.

Across this study, the most frequently occurring AEs of
>grade 3 were hematologic (e.g. neutropenia, leukopenia, or
lymphocytopenia). Hematologic AEs were observed at all dose
levels and were qualitatively similar to those regorted with car-
boplatin and paclitaxel doublet chemotherapy.®"” When evaluat-
ing safety in studies of doublet chemotherapy, it is important to
note that the incidence of 2grade 3 neutropenia after doublet
chemotherapy may be higher in Japanese patients"® than in
Western patients.” %2 Although the small number of patients
included in this study precludes a definitive comparison, 11
patients (91.7%) in the present study had 2grade 3 neutropenia,
and this is similar to the frequency reported (84%) in Japanese
patients with NSCLC receiving doublet chemotherapy alone."'®

Because the administration and observation periods were bricf
in this phase T study, patient blood samples were not analyzed
for immunopathological changes that could potentially be indic-
ative of autoimmune events. However, no symptoms suggestive
of autoimmune disease were observed. Some patients in other
PF-3512676 clinical trials developed positive tests for anti-DNA
antibodies. The potential significance of these serologic results
is not yet clear.

The PK profiles of PF-3512676 observed during the mono-
therapy and combination therapy phases were similar. The effect
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of PF-3512676 on the PK of carboplatin and paclitaxel was not
evaluated in this study. Median time required to achieve maxi-
mum plasma concentration (2-3 h) was consistent across all PF-
3512676 doses with or without the addition of chemotherapy.
The C,.x increased with the dose administered and was highest
in dose level 3 monotherapy in which patients received
0.4 mg/kg PF-3512676. The time required to clear drug from
the body appeared to be dose dependent; shortest ¢, (4.8 h)
was found in the 0.1 mg/kg dose level monotherapy phase, and
longest t; 5 (21.6 h) was observed in the 0.4 mg/kg monothera-
py phase. However, these data may be confounded by the small
number of patients per group and resultant high SD as well as
the assay sensitivity level at the lowest dose level. Therefore, it
is unclear whether clearance is truly dose dependent. Linearity
was also not clearly defined because of the small sample size
and the large variation in PK parameters.

The objective response rate (33%) in this study was similar to
the rate of confirmed responses (30%) found in the previous
phase T study.@”

Treatment with PF-3512676 alone or in combination with che-
motherapy, regardless of dose, modulated several cytokines and
other proteins. Immunomodulation was transient, and all
increases had dissipated by ~168 h postdose. The most robust
responses observed were increases in the levels of IP-10 and
TL-6, and this was consistent with the Ty1-like pattern of activa-
tion of the innate immune system previously observed in normal
human volunteers subcutaneously injected with PF-3512676.'%
1P-10 is a potent chemokine for activated T Iymphocytes and reg-
ulates cell proliferation, apoptosis, and adhesion molecule
expression.™ Tts elevation is indicative of TLRY activation.
There appeared to be a trend toward reduced stimulation of cyto-
kine and chemokine production in the combination therapy
phases compared with monotherapy. Although the relevance of
this finding is unclear, it should be noted that in this study design,
patients who received monotherapy were treatment-naive, while
patients who received combination therapy had already received
monotherapy with PF-3512676. Increasing the single-agent dose
to 0.4 mg/kg seemed to result in a similar pattern of cytokine
and chemokine production to that observed with lower doses.
Cytokine and chemokine profiles from patients who achieved
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CR or PR were similar to those from patients without evidence
of antitumor activity, However, the small sample size in this
study may have confounded these results, and further investiga-
tion in future, larger studies would be required for confirmation.

In addition to the present study, PF-3512676 has been investi-
gated in two phase TII clinical studies in which combination with
platinum-based doublet chemotherapy was compared with plati-
num-based doublet chemotherapy alone in Western patients with
previously untreated advanced NSCLC.®*® In those studies,
addition of PF-3512676 to doublet chemotherapy did not pro-
duce an improvement in overall survival and was associated
with increased toxicity. After completion of the study described
in this manuscript and based on results from these phase III
studies, all clinical trials of PF-3512676 in combination with
cytotoxic chemotherapy agents for treatment of NSCLC were
discontinued. However, clinical trials in other settings and in
combination with targeted or immunotherapeutic agents are
ongoing or planned.

In conclusion, PF-3512676 as a single agent and in combina-~
tion with carboplatin and paclitaxel had an acceptable safety
profile in Japanese patients with treatment-naive NSCLC, and
PF-3512676 showed evidence of immune activation in the
study. Tt is, therefore, still considered to have potential utility as
an anticancer agent.

Acknowledgments

The authors thank Fumiaki Koizumi, MD, PhD; Kazuto Nishio, MD,
PhD; and Koji Kono, MD, PhD, for their immunologic advice. The
authors also thank Tamara Fink, PhD, ProEd Commuuications Inc.,” for
her medical editorial assistance with this manuscript.

Disclosure Statement

Financial support for this study was provided by Pfizer, Inc. Junichi
Hashimoto and Emiko Ohki are employed by and hold stock in Pfizer
Japan. Yuichiro Ohe receives speaker’s bureau honoraria from Pfizer
Japan. None of the other authors has a conflict to disclose. Financial sup-
port for medical editorial assistance was provided by Pfizer, Inc.

12 Krieg AM. Therapeutic potential of Toll-like receptor 9 activation. Nat Rev
Drug Discov 2006; 5: 471-84.

13 Weeratna RD. Bourne LL. Sullivan SM et «l. Combination of a new TLR9
agonist immunomodulator (CpG 7909) and paclitaxel for treatment of
metastatic Lewis Lung Carcinoma (LLC). J Clin Oncol 2004; 22 (Suppt): 699.
Abstract 7346.

14 Kim Y. Girardi M, McAuley S, Schmalbach T. Cutaneous T-cell lymphoma
(CTCL) responses to a TLRY agonist CpG immunomodulator (CPG 7909), a
phase I study. J Clin Oncol 2004: 22 (14 Suppl): 580. Abstract 6600.

15 Pashenkov M, Goess G, Wagner C et @f. Phase IT trial of a toll-like receptor 9-

activating oligonucleotide in patients with metastatic melanoma. J Clin Oncol

2006; 24: 53716-24.

Thompson JA, Kuzel T, Bukowski R ef al. Phase Tb trial of a targeted TLR9

CpG imnwunomodulator (CPG 7909) in advanced renal cell carcinoma (RCC).

J Clin Oncol 2004; 22 (14 Suppl): 416. Abstract 4644,

Manegold C. Gravenor D. Weytowitz D e al. Randomized phase If trial of a

toll-like receptor 9 agonist oligodeoxynucleotide, PF-3512676. in combination

with first-line taxane plus platinum chemotherapy for advanced-stage non-

small-cell lung cancer. J Clin Oncol 2008; 26: 3979-86.

18 Therasse P, Arbuck SG, Eisenhauer EA ef al. New guidelines to evatuate the
response to treatment in solid tumors. European Organization for Research
and Treatment of Cancer. National Cancer Institwte of the United States,
National Cancer Institute of Canada. J Nail Cancer Inst 2000; 92: 205-16.

19 Ohe Y, Ohashi Y, Kubota K e al. Randomized phase HT study of cisplatin
plus irinotecan versus carboplatin plus paclitaxel. cisplatin plus gemcitabine,
and cisplatin plus vinorclbine for advanced non-small-cell lang cancer: Four-
Arm Cooperative Study in Japan. Ann Oncol 2007: 18: 317-23.

20 Scagliotti GV. De Marinis F, Rinaldi M e of. Phase M1 randomized trial
comparing three platinum-based doublets in advanced non-small-cell lung
cancer. J Clin Oncol 2002; 20: 4285-91.

16

[

3

doi: 10.1111/.1349-7006.2009.01361.x
© 2009 Pfizer Japan Inc



Gandara DR, Ohe Y, Kubota K e al. Japan-SWOG comimon arm analysis of
paclitaxel/carboplatin in advanced stage non-small cell lung cancer (NSCLC):
a model for prospective comparison of cooperative group trials. J Clin Oncol
2004 22 (Suppl): 14s. Abstract 7007.

Smit EF, van Meerbeeck JP, Lianes P ¢t al. Three-arm randomized study of
two cisplatin-based regimens and paclitaxel plus gemcitabine in advanced
non-small-cell lung cancer: a phase ITI uial of the European Organization for
Research and Treatment of Cancer Lung Cancer Group ~ EORTC 08975.
J Clin Oncol 2003; 21: 3909-17.

Neville LF, Mathiak G, Bagasra O. The immunobiology of interferon-
gamma inducible protein 10 kD (IP-10): a novel. pleiotropic member of the

Yamada et al.

-460-

24

25

C-X-C chemokine superfamily. Cytokine Growth Factor Rev 1997; $:
207-19.

Hirsh V, Boyer M, Rosell R eral. Randomized phase U trial of
paclitaxel/carboplatin with or without PF-3512676 as first line treatment of
advanced non-small cell lung cancer (NSCLC) [oral presentation]. J Clin
Oncol 2008; 26 (Suppl): 428s. Abstract 8016.

Manegold C, Thatcher N, Benner RJ ef al. Randomized phase T trial of
gemcitabine/cisplatin with or without PF-3512676 as first line treatment of
advanced non-small cell lung cancer (NSCLC) [oral presentation). J Clin
Oncol 2008; 26 (Suppl): 428s. Abstract 8017.

Cancer Sci | January 2010 | vol. 101 | no. 1 | 195
@ 2009 Pfizer Japan Inc.



Drug Metab. Pharmacokinet. 24 (6): 565-574 (2009).

SNP Communication

Genetic Polymorphisms of Copper- and Platinum Drug-efflux
Transporters ATP7A and ATP7B in Japanese Cancer Patients

Hiromi FukusHiMA-UesakA', Yoshiro Samo'2*, Keiko MAekawa!?, Kouichi Kurose'?, -
Emiko Sucivamal2, Noriko KATORI™, Nahoko KANIWA'2, Ryuichi HAsEGAWAZ,
Tetsuya HAMAGUCHIS, Takako EGUCHI-NAKAIMAS, Ken KATO®, Yasuhide YAMADAS,
Yasuhiro SHiMADAS, Teruhiko YosHIDAS, Noboru YamamoTo7, Hiroshi NokiHARA?,
Hideo Kunitow?, Yuichiro OHe7, Tomohide TAMURA?, Takashi UrA8, Miyuki SATog,

Kei Muro8, Toshihiko Dor?, Nozomu Fuse®, Takayuki YOSHINO?, Atsushi OHTsu!?,
Nagahiro SAo!"**, Yasuhiro MATSUMURA'2, Haruhiro OkupA '3 and Jun-ichi SAwADA' 3+
1Project team for Pharmacogenetics, National Institute of Health Sciences, Tokyo, Japan
2Division of Medicinal Safety Science, National Institute of Health Sciences, Tokyo, Japan
3Division of Functional Biochemistry and Genomics, National Institute of Health Sciences, Tokyo, Japan
*Division of Drugs, National Institute of Health Sciences, Tokyo, Japan
SGastrointestinal Oncology Division, National Cancer Center, Tokyo, Japan
6Genetics Division, National Cancer Center Research Institute, National Cancer Center, Tokyo, Japan
"Thoracic Oncology Division, National Cancer Center Hospital, National Cancer Center, Tokyo, Japan
8Department of Medical Oncology, Aichi Cancer Center Hospital, Nagoya, Japan
Division of Gastrointestinal Oncology/Digestive Endoscopy, National Cancer Center Hospital East, Kashiwa, Japan
®Director of Research Center for Innovative Oncology, National Cancer Center Hospital East, Kashiwa, Japan
"Deputy Director, National Cancer Center Hospital East, Kashiwa, Japan
2[nvestigative Treatment Division, National Cancer Center Hospital East, Kashiwa, Japan
BDjivision of Organic Chemistry, National Institute of Health Sciences, Tokyo, Japan

Full text of this paper is available at http: /www.jstage.jst.go.jp/browse/dmpk

Summary: ATP7A and ATP7B are involved in cellular resistance to platinum compounds such as cisplatin.
By sequencing ATP7 A, 38 genetic variations, including 30 novel ones were detected from 203 Japanese
cancer patients. Of these, seven nonsynonymous variations were found: novel 1030A>G (R344G),
2111A > G (Q704R), 2200C > A (Q734K), 2948C > T (T983M) and 3112G > A (V1038I) at 0.004 frequen-
cies and known 2299G > C (V767L) and 4390A > G (11464V) at 0.351 and 0.075 frequencies, respectively.
Regarding ATP7B, 28 novel and 33 known genetic variations were detected including 13 nonsynonymous
ones: novel 1258A>G (M420V), 1426G>A (A476T), and 2401A>C (T801P) were found at-0.002,
0.005, and 0.002, respectively and known 1216G>T (A406S), 1366G > C {(V456L), 2495A > G (K832R),
2785A>G (1929V), 2855G>A (R952K), 2871delC (P957P{sX9), 3419T>C (V1140A), 3836A>G
(D1279G), 3886G > A (D1296N) and 3889G > A (V12971) at 0.483, 0.463, 0.387, 0.005, 0.384, 0.005,
0.387, 0.002, 0.012, and 0.015 frequencies, respectively. Linkage disequilibrium between detected varia-
tions was also analyzed. Our results would provide fundamental and useful information for genotyping
ATP7A and ATP7B in the Japanese and probably other Asian populations.
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Introduction

ATP7A and ATP7B are copper transporters that se-
quester copper from the cytosol into the trans-Golgi net-
work for loading onto copper-requiring enzymes."
ATP7A is expressed in the majority of tissues except for
the liver, while ATP7B expression is found mainly in the
liver, but also in the kidney and placenta.‘"“) Under
elevated copper levels in polarized cells, ATP7A relo-
cates toward the basolateral plasma membranes, while
ATP7B travels to the apical side of the membrane to ex-
port the metal from the cell. Both proteins are predicted
to have 8 transmembrane domains (TMD)."**) Several
functionally important motifs facing the cytoplasm have
been found: 6 repeated metal binding motifs
(GMxCxxCxxIE) in the N-terminal domain; the transduc-
tion motif (TGExxP) in the loop between TMDs 4 and 5;
ATP binding (GDGxNDxD) and phosphorylation motifs
(DKTGTLT) in the loop between TMDs 6 and 7 and the
endocytic signal LL in the C-terminal.”’ Certain mutations
in ATP7A and ATP7B abrogate protein function and cause
Menkes and Wilson diseases, respectively."* The ATP74
gene located on q13.2-q13.3 of the X chromosome con-
sists of 23 exons spanning approximately 140 kb. The
ATP7B gene spanning ca.79 kb is comprised of 21 exons
and located on chromosome 13q14.3. The two transport-
er proteins share ~ 65% amino acid sequence similarity.

Recent studies demonstrate that ATP7A and ATP7B
are involved in cellular resistance to platinum com-
pounds such as cisplatin.s’G) Regarding ATP7A, the
resistance to cisplatin, carboplatin and oxaliplatin has
been observed through sequestration of the drugs into in-
tracellular vesicles in an ATP7A-transfected cell line.”
Oxaliplatin exposure to HT29 cells enhances ATP7A ex-
pression.s) As for ATP7B, Komatsu et al. showed that
overexpression of ATP7B conferred cisplatin resistance
to a human epidermal carcinoma cell line through ATP-
dependent decrease of drug accumulation.” Similar
resistance to carboplatin due to increased expression of
ATP7B has been reported,m) while oxaliplatin resistance
is controversial depending on the cell line used.'” It has
been reported that tumor tissues show higher expression
levels of ATP7A'” and ATP7B"*' proteins than cor-
responding normal tissues and that this higher expression
is associated with shorter survival times in cisplatin or
carboplatin-based chemotherapy. Higher ATP7B expres-
sion levels in tumors are also associated with shorter time
to progression in colorectal cancer patients treated with
oxaliplatin-based chemotherapy.'® The polymorphisms of
ATP7A and ATP7B may thus possibly affect the efficacy or
toxicity of platinum drugs. In this study, we sequenced
the ATP74 and ATP7B genes of 203 Japanese subjects to
survey novel variations of these genes,

Materials and Methods

Human genomic DNA samples: A total of 203
Japanese cancer patients administered paclitaxel/car-
boplatin (90 non-small cell lung and 6 other cancer
patients) or oxaliplatin/ 5-fluorouracil/leucovorin (107
colorectal cancer patients) participated in this study. The
ethical review boards of the National Cancer Center, the
Aichi Cancer Center and the National Institute of Health
Sciences approved this study. Written informed consent
was obtained from all participating patients. Genomic
DNA for sequencing was extracted from blood leuko-
cytes.

PCR conditions for sequencing ATP74 The
reference sequences (GenBank), NT_011651.17 (genom-
ic)and NM_000052.4 (mRNA) were used for assignment
of nucleotide positions and primer design. For sequenc-
ing ATP74, two sets of long-range PCRs were made to am-
plify all 23 exons from 50 ng of genomic DNA using mul-
tiple primers (1 #M) and 0.02 units/Ul of Z-Taq (Takara
Bio Inc., Shiga, Japan). In the first set, 5 pairs of primers
amplified the regions from the promoter region to exon
2 and from exons 7 to 18; in the second set, 2 pairs of
primers amplified from exons 3 to 6 and from exons 19
to 23. The primers were designed in the promoter or in-
tronic regions as listed in “lst PCR” of Table 1. The
conditions for the Ist round PCR were 30 cycles of 98°C
for 5 sec, 55°C for 10 sec and 72°C for 190 sec. Next,
in the 2nd round PCR, the promoter region and exonic
regions, except for exon I, were separately amplified us-
ing the 1st PCR products as templates by Ex-Taq (0.02
units/il, Takara Bio Inc.) with the primers (0.2 4M) listed
in “2nd PCR” of Table 1. Because of a high GC content,
exon 1 was amplified using 0.05 units/ul of LA-Taq
(Takara Bio Inc.) in GC buffer 1 with 0.5 UM of the
primers shown in Table 1. The 2nd round PCR condi-
tions were 94°C for 5 min, followed by 30 cycles of
94°C for 30 sec, 60°C for 1 min, and 72°C for 2 min
and then a final extension at 72°C for 7 min. Thereafter,
the PCR products were treated with a PCR Product Pre-
Sequencing Kit (USB Co., Cleveland, OH, USA) and
directly sequenced on both strands using an ABI BigDye
Terminator version 3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) with the primers listed
in “Sequencing” of Table 1. Excess dye was removed by
a DyeEx96 kit (Qiagen, Hilden, Germany). The eluates
were analyzed on an ABI Prism 3730XL DNA Analyzer
(Applied Biosystems). All detected rare variations were
confirmed by repeating the PCR from the genomic DNA
and sequencing newly generated PCR products.

PCR conditions for sequencing ATP7B: The fol-
lowing sequences obtained from GenBank were used as
reference sequences of ATP7B: NT_024524.14 (genomic)
and NM_000053.2 (mRNA). First, multiplex long-range
PCR was performed to amplify the promoter region and
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Table 1. Primers used for sequencing ATP7A

567

secﬁ::r?iieffieiegon Forward primer (5’ to 3') Reverse primer (5 to 3') ll:rl:gt)lzif(l;S)
1st PCR Mix 1 Promoter to Exon 1 GAGCCTCTCCCTCTTTTTACTGTTA GTGTCAAAGATAAGATGCCACAGGG 1,755
Exon 2 TCTTGGAAGTCACACCTTGTCGCTT TAGTGAGACCCCCATCGCTACAAAA 2,373
Exon 7 to Exon 12 ATTTGTGGTATGCCCTTTGGTCAAT GCGGTITCCCCTATGCTGTTGTCAT 8,077
Exon 13 to Exon 14 TTTTCCTGTCTITTITCTGAGCCCTC CACAGTCCAGTTCTGCTTTACCACT 3,073
Exon 15 to Exon 18 CCTCCTGCCTTAGCCTCCAAAAGTA GAGAGAGACAAAATGGGCACTTTAT 11,619
Mix 2 Exon 3 to Exon 6 TAAATCTTCTGACTCCCAACCCAGT GAGCCACCACACCCAGCCTACATTT 17,069
Exon 19 to Exon 23 ACGGAGTTTCTCTCTTGTTGCCCAA AAACCTCACCTTCAAAAGCCTTGCC 11,876
2nd PCR Promoter AGAGACTGTAACACTTTTGC CCACGGGAAAGAGAGCGACT 774
Exon 1* ACACAGTCTACGGGAAGCAAGTTA TCACTAAGCAAAGACCCCAGTCCA 1,116
Exon 2 CAGGAAGAATGCTTACCATA GTTCAGTATGAGATTCAGAG 615
Exon 3 CCATTAGATTGAGTTGTCTC ACCTCAATGATACAGCAAGC 727
Exon 4 TGATGACAAGAATGAGAGAG CCACGAGTTATIGTTTCCAG 1,055
Exon 5 TGCGGAGGAAAGTGTAGAGA GGTTGTCCCACACATTACTG 509
Exon 6 GTTTGGGGTCAAGACTGGTA GCTTGAAGAGTACCATTAGA 488
Exon 7 AAGAATCACTTGAACCTGGA CCTTTGCCTAACTTTTCCTG 541
Exon 8 to Exon 9 GTATTCCCCAGAGTGACTTG TGAACTCTTTCTTAGGGGTT 825
Exon 10 TCTCCCTTTAGTGTTTATGG AGCAAACTGATGTGACAGACTTAG 864
Exon 11 TTGTGTACTTCGTCTTTCTG CTGGGAGACAGATTATGTGA 425
Exon 12 GTTCACTAACAGTAAGCAAG AGCCACAAAGTAAATCTGAG 461
Exon 13 GGTTTTTCCAGTTCAAGGTT GAACTTAGGAGGTCAAGGGT 564
Exon 14 TTTATAGAAACAGGGTCTCC TTGACAGTAAATGACAGAGC 709
Exon 15 TTCTGGAATCTCAGTATGTC CCTACCTCAAATCTCTGGAT 544
Exon 16 TCCCGAAGACCATCAGTTIT AGTCTTTTTAGCCTCATACC 459
Exon 17 CAAAATCCACTGTCAAGTAG /CATAGGGTATTGACTTGAGG 487
Exon 18 CACTGTTGGAGGCTATGTTC GAATAACCCTCATAGTTCAG 376
Exon 19 AAGTCTGTGTGGGCTTAGAG AGGAACCAGATAGGACTACT 421
Exon 20 CCACATCCTTGCTATCACTA ATGACTTCCCATAATCCCAC 503
Exon 21 AAAGTGTTTTCAGAACCCTG CACCATACCAGTAGGCTACA 444
Exon 22 ATACCCCACAGAAACTCTCA TAGTAGACATAGGGTTTCAC 576
Exon 23 ACTAAGTGTGGATGAGCAAA AAAGATGGGAGGCAGGGAAC 1,134
GTGCTTTTTTAGATGCTCCA CTGGTAATGGGAACAAAATG 1,182
AGTTAGTGTGGTTGGCAAAT GCAGTATTTTTGATTCCCTC 1,070
ACAGGAGAAAGAGGTGATTA GTGCTCTATCTGGTTACTCA © 960
Sequencingb Promoter AGAGACTGTAACACTTTTGC CCACGGGAAAGAGAGCGACT
Exon 1 GGACTCGTACCCTAACAAAG GTTAGGGGAGGTAAAACATA
Exon 4 TGATGACAAGAATGAGAGAG GAAACTACTATGCTGCTTAC
GTAAGCAGCATAGTAGTTTC CCACGAGTTATTGTTTCCAG
Exon 5 GAGGAAAGTGTAGAGATAAC GAGAACAAAAAAGATGGAGC
Exon 7 AAAAAAAGTGGTAACTCAT GAAGTGTTCAAAGGAGTTAG
Exon 8 to Exon 9 GTATTCCCCAGAGTGACTTG CATTGTGACCATTTCATCCA
CTGGATGAAATGGTCACAAT TGAACTCTTTCTTAGGGGTT
Exon 10 TCTCCCTTTAGTGTITATGG AGACATACTGTACTATCTAC
TATTTCTCATTTGTCTCTCT
Exon 14 AAAGTGTTGGGATTACAGGT CTCTCCCACTCCAAACCTTT
Exon 22 TCTACCACCAAGAGGATAAA ATGGTTTGGGCTTATCATTG
Exon 23 ACTAAGTGTGGATGAGCAAA GCAGCAGTTCAGCAATCTCT
GCCCAAGAAGAAGAAAATGA CAATGAAAAACCACCTAAAC
GTGCTTTTTTAGATGCTCCA CGAAACCCCGTCTCTACTGA
TATTTTTCAGTAGAGACGGG CTGGTAATGGGAACAAAATG
AGTTAGTGTGGTTGGCAAAT CATTGGTCTAAAAAAAGGGC
AAGGCAAACCCATTTCACTG GCAGTATTTTTGATTCCCTC
ACAGGAGAAAGAGGTGATTA ATGACACACCATACATCTTG
GTAGTCTCAAGATGTATGGT GTGCTCTATCTGGTTACTCA

* LA-Taq with GC buffer I was used for amplification because of its high GC content,
* Exons not listed were sequenced using 2nd PCR primers.
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Table 2. Primers used for sequencing ATP7B

Se:::ﬂigféegon Forward primer (5’ to 3') Reverse primer (5’ to 3) lgrrxg}t]]iif(igg)
1st PCR Promoter to Exon 1 GGTAGCATTCCTGGGGTTTTTTCCT ACCAGGCTCTGAGTAACTTCTCCAG 2,148
Exon 2 to Exon 4 GTGTGTAAGTGACTCTATGATGGTC ATGAACAATGTCACCTGTACTCGGA 9,526
Exon 5 to Exon 9 TCCCACTCCTGATGCTGAACCAATG CTAACCCCAAGGAAATACAGAAGCC 10,283
Exon 10 to Exon 16 TCACCAGTATTTCCCCCTTGTCTGT TGTACTCTGTGCGACACCAGTCTGT 11,551
Exon 17 to Exon 21 GCTCAGATTCTATCCTGGGCTTTAC TCGTAAGTGGGAGATGAACAATGAG 8,565
2nd PCR Promoter to Exon 1* GCCTTCCAGCCAATAGAATA TTTCTCCCACGCCAAGACAT 1,145
Exon 2 GTTGTGTGAGAACGACATIT AGAAGGCTCTCACCAGATGT 1,825
Exon 3 GAGGGACAAGGTAGTTACTG AATGCCAGTTATACAAGGAC 573
Exon 4 GAGACCAGACATCGTGATTG CATTGTTGTCGGCTTCAAAG 517
Exon 5 AGGGAAAGGCTCTTGGCTGC CTTTCTCTTACCCATTCACT 480
Exon 6 GAGGCACTTTTAGATTCACT GAGGGTTCACATTACAAGGG 334
Exon 7 ATGTGACAAAGGCAGGTCTT GCCCTTAGTAGTCCCCCACA 496
Exon 8 CATAAACGCCCATCACAGAG TAAGTCTGTCTCTATGCTGT 492
Exon 9 AGAGCCTTTTATCGTGCCGT TGCCCACACTCACAAGGTCT 335
Exon 10 to Exon 12 AACAGTGCCTGGTATTCAGC GGCTTAGATTTTGCTGTCAA 1,061
Exon 13 ATGGCAGAGCAGTGTGGAAT TCAGGCTTTICTCTCAATGT 428
Exon 14 AACCCTGAGATTGAACGACA CTTTGTGATAACCTGGAACT 532
Exon 15 AGTTCCCGCTTTCCGCTGCT CCCAAGAACATAAGAGAAAC 458
Exon 16 AGAGGTGCTTACAAGGTTAC ACAATCTTCTGGAAAACAGG 419
Exon 17 TGCTTCCAGACTTTITGTGTA AGAGAAAAGCATCCAGCAAG 460
Exon 18 to Exon 19 CAACATCACTGACTGGACCC AAACAGCCTTTCTAAAACGC 644
Exon 20 TGGGAACATCAGGGCGAGTGGAA TTGAGGAGCAGAGTAAGGGC 574
Exon 21 CTCTTGAGGTTTTGATACTG AGCAAAGACCACAAGGACAT 1,010
TGTGCTTGTCAGTGGGGACC AGTGAAACTAACCATCCAAG 1,162
GCACTTGATTCAGGAGGTCA ATCCTCCTCTGCCCCCTAAA 550
Sequencing" Promoter to Exon 1 GCCTTCCAGCCAATAGAATA TGAGAGCGTGAGGGGAGAGT
ACTCTCCCCTCACGCTCTCA TTTCTCCCACGCCAAGACAT
Exon 2 GTTGTGTGAGAACGACATTT GGACCTTGCCTTCAATGGAG
TGCCATCGGTTGTGTGCCTG ACTGGGCTGGTACAAGAAGG
CTTGGAGAACAAAACTGCCC AGAAGGCTCTCACCAGATGT
Exon 10 to Exon 12 AACAGTGCCTGGTATTCAGC CCCAGAACTCTTCACATAAT
TAACTTCATCTTTCTCGTTITAG GGCTTAGATTTTGCTGTCAA
Exon 20 TCAGGGCGAGTGGAAGAGAG GTGAATGGGCAGCAGTGAAT
Exon 21 TAGAATGGCTCAGATGCTGT GGGCAGGATGACTGGACATA
TATGTCCAGTCATCCTGCCC AGCAAAGACCACAAGGACAT
TGTGCTTGTCAGTGGGGACC CTCCTTTTCTGAAGCCCCTG
TGTGTGGCTTGGAGGAAATG AGTGAAACTAACCATCCAAG
GCACTTGATTCAGGAGGTCA ATCCTCCTCTGCCCCCTAAA

* LA-Taq with GC buffer [ was used for amplification because of its high GC content.

® Exons not listed were sequenced using 2nd PCR primers.

all 21 exons of ATP7B from 50 ng of genomic DNA with
0.025 units/tl of Z-Taq and five sets of primers (in “Ist
PCR” of Table 2, 1 uM) designed in the promoter or in-
tronic regions. The 1st round PCR conditions were 30
cycles of 98 °C for 5 sec, 55°C for 10 sec, and 72°C for
190 sec. Next, exonic regions, except for promoter to
exon 1 region, were amplified separately in the 2nd
round PCR using the 1st PCR products as templates by
Ex-Taq (0.02 units/ul) with the primers (0.2 4M) listed in

“2nd PCR” of Table 2. Because of its high GC content
the promoter to exon 1 region was amplified using 0.05
units/tl of LA-Taq in GC buffer I with 0.5 UM of the
primers listed in Table 2. The 2nd round PCR condi-
tions, purification of the PCR products and sequencing
with the primers listed in “Sequencing” of Table 2 were
performed as described in the above ATP74 section. All
rare variations were confirmed by repeating PCR from
the genomic DNA and sequencing newly generated PCR
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products.

Linkage disequilibrium (LD) analysis: Hardy-
Weinberg equilibrium and LD analysis were performed
by SNPAlyze software (Dynacom Co., Chiba, Japan) and
pairwise LD between variations with minor allele fre-
quency (MAF) greater than 0.03 was analyzed using r
values.

Results and Discussion

For ATP7 4, the 5'-flanking region (up to 872 bases up-
stream of exon 1), all 23 exons and their flanking introns
were sequenced for 203 Japanese subjects. Thirty-eight
genetic variations, including 30 novel ones were detected
(see Table 3): 3 were in the 5’-flanking region, 1 in the
5’-untranslated region (UTR), 7 in the coding exons (7
nonsynonymous variations), 12 in the introns and 15 in
the 3’-UTR. Since we did not find any significant differ-
ences in the frequencies of these variations between the
96 patients with carboplatin- and 107 patients with ox-
aliplatin-based chemotherapies (by Fisher’s exact test,
P> 0.13), the data for all subjects were analyzed as one
group. Since this gene resides on the X-chromosome, al-
lele frequencies were also compared between 138 males
and 65 females and no significant differences were found
(by Fisher’s exact test, P>>0.24). In the female patients
(with two X chromosomes), detected variations were in
Hardy-Weinberg equilibrium (P = 0.10). Five novel non-
synonymous variations, 1030A > G (R344G), 2111A>G
(Q704R), 2200C> A (Q734K), 2948C>T (T983M) and
3112G > A (V1038]), were found as heterozygotes in sin-
gle patients at 0.004 frequencies (Table 3). Among
these, Q734 is presumed to be the first amino acid fol-
lowing TMD2 and is conserved between ATP7A and
ATP7B.Y Using the PolyPhen program (http:/genetics.
bwh.harvard.edu/pph/) to predict functional effects of
amino acid substitutions, Q734K was expected to proba-
bly alter the protein function based on the PSIC (position
specific independent count) profile score differences der-
ived from multiple alighments. R344G and Q704R sub-
stitutions were predicted to have possible functional al-
terations. The effects of T983M and V10381 were
predicted as benign. Functional analysis for these varia-
tions is warranted. Moreover, it is necessary to evaluate
real frequencies of very rare variations found in only one
subject (frequency: 0.004). We also detected the previ-
ously published variations 2299G>C (V767L) and
4390A> G (I11464V) at 0.351 and 0.075 frequencies,
respectively.

Regarding ATP78, 61 genetic variations including 28
novel ones, were detected by sequencing the 5’-flanking
regions (up to 768 bases upstream of exon 1), all 21 ex-

ons and their flanking introns of 203 Japanese subjects: 9 .

were in the 5'-flanking region, 2 in the 5/-UTR, 19 in the
coding exons (13 nonsynonymous and 6 synonymous
ones), 25 in the introns, 5 in the 3’-UTR and 1 in the 3’-

flanking region (see Table 4). Just as with ATP74, no sig-
nificant differences were found in the frequencies of
these variations between patients with carboplatin- and
patients with oxaliplatin-based chemotherapies (by
Fisher’s exact test, P>>0.20) and the data for all subjects
were analyzed as one group. Detected variations were in
Hardy-Weinberg equilibrium (P> 0.05), except for
—408T > C and IVS13 — 129C > T. The deviations were
probably caused by an unexpected occurrence of one ex-
tra homozygote in these low-frequency variations. Three
novel nonsynonymous variations, 1258A>G (M420V),
1426G > A (A476T) and 2401A>C (T801P) were found
at 0.002, 0.005 and 0.002, respectively. The PolyPhen
program predicted that M420V and T801P, located wi-
thin conserved regions between ATP7A and ATP7B,
probably had damaging effects on protein function. Func-
tional analysis should be conducted for these variations.
Moreover, it is necessary to evaluate real frequencies of
very rare variations found in only one subject (frequency:
0.002). We also detected 10 known nonsynonymous
variations, 1216G>T (A4068), 1366G>C (V456L),
2495A>G (K832R), 2785A>G (I1929V), 2855G>A
(R952K), 2871delC (P957PfsX9), 3419T > C (V1140A),
3836A>G (D1279G), 3886G>A (DI1296N) and
3889G>A (V1297I) at 0.483, 0.463, 0.387, 0.005,
0.384, 0.005, 0.387, 0.002, 0.012 and 0.015 frequen-
cies, respectively. Of these, 2871delC (P957PfsX9), the
most frequent causative variation for Wilson disease in
]apanese,w) causes a frame-shift downstream of codon
957, resulting in an early stop codon at codon 966. This
variation most probably results in a non-functional pro-
tein without 34% of the protein at the C-terminus, in-
cluding TMDs 6~8 and the large cytoplasmic loop con-
taining the ATP binding site.” Compared to Chinese
healthy individuals, MAFs in this study are lower for
V456L (0.463 in Japanese vs. 0.609 in Chinese) and com-
parable for K832R and V1140A (0.387 vs. 0.42 for both
variations), respectively.”) Functional changes were not
observed for K832R, 1929V and R952K when assessed by
growth of recombinant yeast in the presence of copper
cations.'®. Known variations —119_— 118insCGCCG
and —75A > C were detected at 0.488 and 0.468 fre-
quencies, these values being higher than those in Chinese
volunteers (0.218 for —119_—118insCGCCG and
0.372 for —75A>C).'"

Using the detected variations at >0.03 frequencies,
linkage disequilibrium (LD) was analyzed. For ATP7A, us-
ing 14 variations, strong linkages (r2 > 0.8) were observed
between —61293T>G and 6744 (*2241) G>C, and
among IVS5 + 86_87insT, 2299G > C (V767L), IVS13 +
141G>A, IVS13—29C>A, and 5983 (*1480)C>T.

As for the 22 common variations (MAF>0.03) of
ATP7B, strong linkages (r2>0.8) were observed among
—520C>T, —119_~—118insCGCCG and —75A>C;
between 1216G>T (A406S) and IVS2+287A> G;
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among IVS2—93A > C, 1366G > C (V456L) and IVS3 —
53A>C; between IVS5—65G>A and IVS19~—
159G>C; and among IVS9—25G>A, 2495A>G
(K832R), 2855G>A (R952K), IVS12—90G>T,
3419T> C (V1140A),IVS18 +6C>T, IVS19 + 50G > C,
5570 (*1172)G>A, 6180 (*1782)C>G and 6485+ 43
(*2087 +43)T>C.

We analyzed colorectal and mostly non-small cell lung
cancer patients treated with oxaliplatin/5-fluorouracil/
leucovorin and paclitaxel/carboplatin, respectively. In
these tissues in normal, ATP7A but not ATP7B is report-
ed to be expressed mainly. However, ATP7B levels are
up-regulated in colorectal and lung cancer tissues with
varying degrees.’s'zs) In addition to ATP74 polymor-
phisms, some ATP7B polymorphisms found in the
promoter region may affect the expression levels of
ATP7B in the tumor tissues to thus possibly influence the
efficacy of oxaliplatin and carboplatin treatment by
changing the drug concentrations within tumor cells. As
for adverse effects of these platinum drugs, bone marrow
toxicities and neuropathies (especially in oxaliplatin-ad-
ministered patients) were frequently observed in our
patients. Since ATP7A is expressed in the majority of
normal tissues except for liver, the detected polymor-
phisms in the ATP74 possibly influence the onset of these
toxicities. We are planning to conduct association analy-
sis between the polymorphisms of both genes and effica-
cy and adverse reactions caused by these drugs after in-
crease in patient number.

In conclusion, 38 and 61 genetic variations, including
30 and 28 novel ones, were detected in ATP7A4 and
ATP7B, respectively, in a Japanese population. Our
results would provide fundamental and useful informa-
tion for genotyping the platinum drug transporters
ATP7A and ATP7B in the Japanese and probably other Asi-
an populations.
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Adenccarcinoma (ADC) is the commonest histological type of lung cancer,
and its weak association with smoking indicates the necessity to identify
high risk individuals for targeted screening and/or prevention. By a genome-
wide association study (GWAS), we identified an association of
polymorphisms in the 6p21.31 locus containing four HLA (human leukocyte
antigen)-class II genes with lung ADC risk. DQA1*03 of the HLA-DQA1
gene was defined as a risk allele with odds ratio (OR) of 1.36 (95%CI=1.21—
1.54, P=5.3x10") by analysis of 1,656 ADC cases and 1,173 controls. DQA1*03
and the minor allele for a polymorphism, rs2736100, in TERT, another lung
cancer susceptibility locus identified in recent GWASs on Europeans and
Americans, were indicated to independently contribute to ADC risk with per
allele OR of 143 (95%CI=1.31-1.56, P=7.8x10"). Individuals homozygous
both for the DQA1*03 and minor TERT alleles were defined as high-risk
individuals with an OR of 4.76 (95%CI=2.53-9.47, P=4.2x107). The present
results indicated that individuals susceptible to lung ADC can be defined by

combined genotypes of HLA-DQA1 and TERT.
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Introduction

Lung cancer is the leading cause of cancer-related deaths in the world.
Adenocarcinoma (ADC) is the commonest histological type
comprising ~40% of lung cancer cases among European, North
American and Asian countries, and is increasing in incidence [1].
Development of ADC is more weakly associated with smoking than
those of two other major histological types of lung cancer, squamous
(SQC) and small (SCC) cell lung carcinomas [1-3].  Therefore,
identification of high-risk individuals for lung ADC and targeted
screening and/or prevention for these individuals will be a powerful
way to reduce the number of lung cancer deaths in the world.

Recent GWASs with single nucleotide polymorphism (SNP) array

methodology have led to the identification of three loci associated

with lung cancer risk, CHRNA3/5 at chromosome 15q25.1, TERT and

CLPTMIL at 5p15.33, and BAT3-MSHS5 at 6p21.33 [4-10]. Among these
loci, 5p15.33 was revealed as being a locus specifically associated with
risk of ADC among major histological types of lung cancer [11].
However, loci associated with lung ADC risk in Asians remain
obscure. Here, we performed a GWAS on the risk of lung ADC in a
Japanese population for 23,010 polymorphic microsatellite loci and
identified HLA-DQAT at 6p21.31 as a novel locus associated with lung

N wic TATn  Lyged v Ao A7 A
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susceptible to ADC can be defined by combined genotypes of HLA-

DQA1 and other lung cancer susceptibility loci described above.
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