Since it has been suggested that tumors with ErbB-1
expression and ErbB-2 overexpression are more aggressive
than those without expression of the receptors (11-13), it
has been proposed that dual inhibition of ErbB-1 and -2
could be a useful approach in patients with overexpression of
these receptors. Lapatinib (GW572016) is a potent, orally
active, small molecule dual inhibitor of ErbB-1 and -2.
Lapatinib markedly reduces autophosphorylation of ErbB-1
and -2, and inhibits activation of Erk1/2 and AKT, the down-
stream effectors of cell proliferation and cell survival,
respectively (14—17). Lapatinib inhibits tumor cell prolife-
ration in various human tumor cell lines expressing ErbB-1
and overexpressing ErbB-2, as well as in tumor xenograft
models (14—17).

Preclinical study of lapatinib revealed the agent to be well
tolerated with an effective half-life of ~24 h, suggesting
once-daily oral administration to be feasible (18). Clinical
studies of the safety and efficacy of lapatinib in cancer
patients are underway.

This was the first Japanese Phase 1 study of lapatinib in
patients with solid tumors. This study was primarily
designed to assess the safety of repeated oral doses of lapati-
nib in these patients and to investigate pharmacokinetics to
see if they are comparable with those in western patients.

PATIENTS AND METHODS
Stupy DesioN

This was a non-randomized, open-label, multicenter,
dose-escalation Phase 1 study conducted at two sites in
Japan—Kinki University Hospital, Osaka and National
Cancer Center Hospital East, Chiba.

The primary objectives were to assess the safety of
repeated oral doses of lapatinib, to determine the maximum
tolerated dose (MTD) in patients with solid tumors, to evalu-
ate the pharmacokinetics (PK) of repeated oral doses of lapa-
tinib and to compare the data from overseas studies and
based on these data, to find the clinically recommended dose
of lapatinib in Japanese patients enrolled in further studies.

Parient ELiGeimy

Adult patients aged 20—74 years with histologically or cyto-
logically confirmed solid tumors that are generally known to
express EGFR and/or overexpress ErbB-2 (including colorec-
tal cancer, gastric cancer, NSCLC and breast cancer) were
eligible for inclusion, provided that they had failed standard
therapies or there were no other appropriate therapies avail-
able (19—40). Patients had to have normal function of major
organs and adequate bone marrow, hepatic and renal func-
tions defined as hemoglobin >9 g/dl, neutrophil count
>1500/mm* and platelets =100 000/mm”, AST and ALT
<2.5 of upper limit of normal (ULN) and bilirubin <1.5 of
ULN, and serum creatinine <1.5 of ULN, respectively. Left
ventricular ejection fraction by echocardiography had to be
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=50% and in all patients an appropriate length of time since
cessation of previous therapy was required (chemotherapy,
radiotherapy, surgery or investigational products other than
anticancer drugs, >4 weeks; nitrosourea compounds or mito-
mycin C, >6 weeks; biologic response modifiers or
hormone therapy, =2 weeks). Patients were also to have an
Eastern Cooperative Oncology Group performance status
(PS) 0-2 and life expectancy >3 months after the start of
lapatinib treatment.

Exclusion criteria were serious complications (Grade >3
according to the National Cancer Institute common toxicity
criteria, NCI-CTC, version 2); pleural effusion, ascites and/
or pericardial effusion requiring drainage by puncture, intra-
cavital administration, or any other relevant treatment; sys-
tematic steroid use for >50 days or possible need for
long-term use of systemic steroids; multiple active cancers;
symptomatic brain metastases; malabsorption and/or total
resection of the stomach or small intestine; corneal disorder;
history of drug allergy; breast feeding; previous
trastuzumab-induced impaired cardiac function; and previous
acute pulmonary disorder or interstitial pneumonia induced
by gefitinib.

All patients gave written informed consent before the start
of study. The protocol was approved by the institutional
review board of each study site. The study was conducted
according to the World Medical Association Declaration
of Helsinki (41) and Japanese good clinical practice guide-
lines (42).

TrEATMENT

Based on the findings of overseas Phase [ study (43), and in
order to compare PK profiles with an overseas parallel Phase
I study (44), patients were assigned to receive lapatinib 900,
1200 or 1600 mg/day for 21 consecutive days. Lapatinib was
taken orally once daily with water after a light low-fat break-
fast, except on Days | and 21 when it was administered in
fasting state.

The dose levels started at 900 mg/day and increased to
1200 and 1600 mg/day, then increased by 200-mg incre-
ments until MTD was reached. MTD was defined as
the dose at which dose-limiting toxicity (DLT), i.e. a
drug-related adverse event of NCI-CTC Grade >3,
occurred within 21 days after the initiation of dosage in
two or more patients at cach dose level with six subjects.
When DLT was observed, the next dose for the patients
was to be postponed, and could not restart until NCI-CTC
grade became <2 within 14 days. In such cases, when
NCI-CTC became Grade 2 or below, the dose was to be
restarted at the previous dose level. When NCI-CTC did
not reach Grade 2 or below after dose delays of 14 days,
the treatment for the patients was to be discontinued.
These dose delays and reductions were allowed to be per-
formed only once.

Although appropriate supportive care and symptomatic
treatment were allowed, prophylactic use (including
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antiemetics) was not permitted between screening and Day
21 of the treatment period. Anticancer therapy of any kind,
medications that may affect the absorption or metabolism of
lapatinib, and other investigational drugs were prohibited
throughout the study. Also, to prevent PK interactions,
patients were instructed to avoid grapefrun, grapefruit juice
and St John's Wort (Hypericum perforarum) throughout the
study.

SAFETY ASSESSMENTS

Assessments including clinical laboratory tests, vital signs,
PS and body weight were performed at screening, at
baseline (i.e. within 3 days before the first dose), on Days
7, 14 and 21, every 4 weeks thereafter, on cessation
of treatment, and on the last day of observation (1.c. 28
days afier the final dose or immediately before the start of
next anticancer therapy). Chest X-ray, 12-lead electro-
cardiogram and echocardiography were performed at
screening, once between Days 14 and 21, and on the last
observation day, Toxicity was graded according to the
NCI-CTC wversion 2.

PHARMACOKINETIC ANALYSIS

For PK evaluation, 3-ml blood samples were collected at 1 b
pre-dosing and at 1, 2, 3, 4, 6, 8, 10, 12 and 24 h after
dosing on Days | and 21 and at pre-dosing on Days 7 and
14. Urine samples were collected before dosing on Day |
and 0—24 h after dosing on Days | and 21.

Serum concentrations of lapatinib were measured by
liquid chromatography tandem mass spectrometry with a
lower limit of quantitation of 1 ng/ml.

The calculated PK parameters were maximum serum con-
centration (Cpyy), time 10 Coyax (fnax), @rea under the plasma
drug concentration—time curve from 0 to 24 h (AUC,_24)
and terminal half-life (7). Renal clearance was calculated
from urine concentrations of lapatinib.

EFFICALY ASSESSMENTS

For efficacy assessment [i.e. tumor response as determined
by X-ray, computed tomography (CT), magnetic resonance
imaging (MRI) and/or other objective measurements
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines (45)], evaluations were per-
formed at screening (i.e. 4 weeks before the first dose
of lapatinib), once during Days 14-21, every 4 weeks
thereafter, and on the last day of observation. Target and
non-target lesions were assessed in the same manner before
and after dosing. Consistency of efficacy evaluation by the
study investigators was assessed by extramural review
committee.

RESULTS
PamiEnTs

Twenty-four patients were enrolled; all had received prior
chemotherapy. Table | shows their baseline characteristics.
The median age was 60 years (range, 37—73), and they had
a median PS of 1. NSCLC was the main tumor type. Six
patients at four dose levels, 900, 1200, 1600 and 1800 mg/
day each, received lapatinib. Eight patients received lapatinib
for >3 months and four for >6 months.

All patients completed the initial 21-day treatment period,
although one of the patients had dose reduction (overall
compliance, 90.5%) due to the onset of a Grade 3
drug-related adverse event (diarrhea) during this period.
Four patients (three at 1200 mg dose level and one at
1600 mg dose level) withdrew from study due to disease pro-
gression and four (one each at 900 and 1600 mg dose level
and two at 1800 mg dose level) were withdrawn at their own
request. Mean durations of study treatment in the 900, 1200,
1600 and 1800 mg groups were 131, 682, 117 and 49.3
days, respectively, No patient withdrew due to adverse
events.

SaFeTY

All 24 patients were eligible for safety analysis. Table 2 lists
the drug-related adverse events experienced by >20% of

Table 1. Baseline charactenistics of patients

Total

Charactenistic Dose (mg/day)
(m=24)
900 1200 1600 1800
(n=6) (m=6) (n=6) (n=246)
= s
Male 5 2 3 4 14
Female | 4 3 2 10
Tumor type
Non-small cell 5 ] | 4 13
lung cancer
Adenocarcinoma 2 ! | 3 7
Squamous cell 2 I 0 1 4
CArCINGMma
Other | | 0 0 2
Colorectal cancer | | 2 I L]
Breast cancer 1] 0 2 0 2
Others ] 2 ] | 4
Performance status®
] 2 1 2 3 L3
1 4 5 3 - | 15
2 0 (1] I o ]

*Eastern Cooperative Oncology Group performance status,
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Table 2. No. of patients with drug-relued ad events that d in >20% of pai iving lapatinit
Dose (mg/day)* No. of
900 1200 1600 1800 )
Common terminology criteria grade | 2 3 1 2 3 I 2 3 1 2 3
Any adverse events 3 3 0 4 2 0 1 4 | 2 2 2 24 (100)
Gastrointestinal 1 I 0 4 0 ] 2 3 1 3 i 2 18 (75)
harrhea I | 0 4 0 L] 2 I 1 3 1 2 16 (67)
Stomatitis 0 0 o | 1] 0 | 2 0 | 0 o 520
Skin 4 2 0 3 1 0 4 2 0 4 2 ] 22(92)
Rash I 0 1] 4 0 0 | 2 0 3 2 0 13 (54)
Dry skin 5 0 0 2 0 i | 0 ] 0 0 0 B (33)
Seborrheic dermatitis 3 1 0 1] o 0 o 0 0 I 1] ] 321
Paronychia 0 | 0 0 1 0 2 ] 0 1 0 i} 521
Meumbolism and nutrition 1 1] 1] i 0 0 2 0 0 4 0 1] 8(33)
Anorexia 0 0 0 I 0 0 1 ] 0 3 ] 0 520
Investigations 2 I 0 3 2 0 3 1 1] 3 1 I 174(71)
Decreased lymphocyte count 0 | i} i | 0 i 1 ] | 0 0 5(21)

"Six patients at each dose level.

patients at cach dose level. The majority of events was mild
(Grade 1—2); the most common events were skin reactions
(mostly rash and dry skin) observed in 22 patients (92%) and
gastrointestinal disorders (mostly diarrhea) in 18 patients
(75%). The most severe drug-related adverse events were
Grade 3 diarrhea observed in one patient at 1600 mg dose
level and two patients at 1800 mg dose level. One of these
also had Grade 3 y-GTP increase. All diarrhea resolved with
routine symptomatic treatment during or after withdrawal of
lapatinib therapy, y-GTP increase resolved without further
treatment after completion of lapatinib therapy.

Grade 1/2 drug-related nausea and vomiting were experi-
enced only by patients at higher dose levels of lapatinib [1/6
(17%) at 1600 mg/day and 3/6 (50%) at 1800 mg/day], with
Grade 2 symptoms only seen at the 1800 mg dose level,

For other adverse events, no clear drug relation was found.
The most frequent events included decreased body weight
and serum alkaline phosphatase increase, each observed in
10 patients (42%). Grade 1 drug-related decreases in left
ventricular ejection fraction were found in three of the six
patients at the 1200 mg dose level, No clinically relevant
changes in vital signs, 12-lead electrocardiogram or echocar-
diography were noted.

Hypoxemia and pneumonia were reported at the 900-mg
dose level in another patient with NSCLC on Day 35, After
hypoxemia occurred, the patient continued to receive study
drug medication until Day 40. We attributed hypoxemia to
bronchostenosis caused by the primary disease. Oxygen
inhalation and erythromyein were given and hypoxemia
improved while the pneumonia was resolved on Day 41

before the patient died from progression of primary disease 3
months after the events were resolved. Chest X-rays and CT
findings for this patient were inconsistent with those for
interstitial pneumonia associated with other tyrosine kinase
inhibitors; therefore a drug relation with lapatinib was
denied.

Maximum ToLeraTen Dose

Dose escalation was stopped at 1800 mg/day, where two
patients experienced DLT (Grade 3 diarrhea). One of these
patients also experienced Grade 3 y-GTP increase. Thus,
1800 mg/day was determined as the MTD.

PHARMACOKINETICS

Table 3 shows the PK parameters derived from data on 23
patients (data from one patient received lapatinib for only 19
days and are not included).

Serum concentrations of lapatinib at each dose level on
Days 1 and 21 are shown in Fig. 1, Repeated doses of lapati-
nib (900—1800 mg/day) for 21 days resulted in dose-related
increases in mean Cpy,,, (range, 1715=3111 ng/ml) and mean
AUCq_14 (range, 25 680—51 099 ng-h/ml) (Table 3). Large
inter-patient variations were found in mean C,,, and mean
AUCq_14. After a single dose of lapatinib, r,,,, was ~4 h,
although values varied greatly among patients, After 21 days
of treatment, fm., values were similar to those observed after
the single dosing on Day 1.
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Figure 2. Relation between dose of lapatinib and exposure. comparison of
(A} maximum serum concentration (Cr,) and (B) area under the plasma
drug concentration—time curve from 0 to 24 h (AUC,..~;) after dosing on
Day 21 (our study, Japanese paticnts) and Days 14 and 20 (US studies,
westermn patients)

stable with doxifluridine, and progressed with trastuzumab.
Following treatment with lapatinib 1600 mg/day, the tumor
shrank by 41% on Day 21. Time to progression was 133
days.

Among the patients with SD, three (two with NSCLC and
one with colorectal cancer) were stabilized for =6 months
and three (two with NSCLC and one with cervical cancer)
were stabilized for 3—6 months and therefore were con-
sidered as having a durable response.

DISCUSSION

The dual ErbB-1/-2 inhibitor lapatinib taken orally once daily
for >21 days was well tolerated at doses of 900—1600 mg in
Japanese solid tumor patients. Adverse events were mostly
mild in nature, and only four grade >3 drug-related adverse
events were noted, in three patients (three events of Grade 3
diarrhea and one Grade 3 y-GTP increase), No NCI-CTC
Grade 4 adverse events were observed. Grade |12 diarthea
occurred in some patients other than those who experienced
Grade 3 diarrhea; for these, supportive therapy was given and
fully recovered in all cases. Grade 1/2 drug-related nausea
and vomiting were experienced only by patients at higher
dose levels of lapatinib, with Grade 2 symptoms only seen at
1800 mg dose level.

The types and incidences of drug-related adverse events in
Japanese patients were similar to those reported from studies
conducted in healthy volunteers (18) and two overseas Phase
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| studies, the latter including a parallel study in western
patients that used similar dose administration and
dose-escalation schedules (43,44). In that study as well as in
ours, diarrhea and rash were the most frequently noted
drug-related adverse events. Adverse events were generally
mild (Grade 1-2), transient and reversible on dose delay or
interruption. Headache, which was common in western
patients (18), was reported only by one patient at 1600 mg
dose level. 1800 mg/day was considered as MTD, at which
Grade 3 diarrhea and y-GTP increase were observed.

Skin-related adverse events of lapatinib were similar to
those reported for other agents that target ErbB-1; rash is
also a common adverse event associated with the ErbB-|
tyrosine kinase inhibitors gefitinib (46—49) and erlotinib
(7,50), as well as the anti-ErbB-1 antibody cetuximab (51).
Patients who received these medications also experienced
diarrhea (7,46—50). These adverse events occurred at a
similar frequency in our study as in two overseas Phase 1
studies (43,44).

Apart from one event of y-GTP increase, no Grade >3
abnormal laboratory test suggestive of liver dysfunction
was noted. Therefore, drug-related liver abnormality was
generally less frequently seen with lapatinib compared with
gefitinib (48,49).

Hematologic toxicity was uncommon and limited 1o cases
of anemia. This finding is similar to those of the Phase I bio-
marker study (44) and studies of gefitinib (48,49,52).

None of the patients developed interstitial lung disease,
which is an adverse event reportedly associated with gefiti-
nib (53,54) and occurs in 5.8% of Japanese patients (55).
However, because of the limited number of patients in our
study, further studies are required to assess safety of lapati-
nib in this regard.

Cardiotoxicity is a known adverse event associated with
trastuzumab therapy and might be related to ErbB-2 inhi-
bition (2,56); however, we found no evidence of drug-related
cardiac dysfunction in our study.

PK parameters such as C,y and AUC_,4 in this study
were analyzed and their means and 95% confidence intervals
compared with those obtained at similar doses (900—
1800 mg) in two overseas Phase | studies (43,44). As can be
seen in Fig. 2, the values were comparable among the three
studies. However, large inter-patient variations were noted,
cspecially in Japanese patients, and these might have con-
tributed to higher mean values. On the other hand, no clear
pharmacokinetic differences were apparent between Japanese
and non-Japanese subjects, suggesting that values obtained
overseas can be extrapolated to the Japanese population.

The dose recommended for further clinical studies outside
Japan, 1500 mg/day, can be used for Phase Il studies in
Japan. We base this recommendation on the similar PK pro-
files of lapatinib in Japanese and western patients, evidence
of antitumor activity at doses of >>900 mg/day, and an MTD
of 1800 mg/day.

To conclude, lapatinib, taken continuously as once-daily
oral therapy at 900~1600 mg, was well tolerated in Japanese
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patients with solid tumors. The safety and PK profiles shown
in this study are similar to those in Phase | studies conducted
in western patients. Phase 11 studies to determine the efficacy
of lapatinib against a range of tumors are now in progress.
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Background: Pemetrexed in combination with cisplatin (Pem/Cis) is used globally for the
treatment ol malignant pleural mesothelioma (MPM). This Phase U/l study was conducted to
determine the recommended dose (RD) (Phase 1) of Pem/Cis, and evaluate the efficacy and
safety (Phase Il) in Japanese MPM patients.

Methods: Key eligibility criteria were histologic diagnosis of MPM incurable by surgery, no prior
chemotherapy, and a performance status 0—-1. Under full vitamin supplementation, pemetrexed
was intravenously administered on Day 1 of a 21-day cycle, followed by cisplatin. A cohort of
six patients, starting from pemetrexed 500 mg/m? and cisplatin 75 mg/m? (Level 1), were
studied in the dose-escalation Phase | (Step 1). The RD determined in Step 1 was carried
forward into Phase |l (Step 2). Planned number of patients treated with Pem/Cis was 18-38.
Results: In Step 1, 13 patients were enrolled: seven in Level 1 and six in Level —1 (peme-
trexed 500 mg/m?, cisplatin 60 mg/m?), Two of six evaluable patients had dose-limiting toxicities
(pneumonitis and neutropenia) in Level 1, establishing Level 1 as the RD. In Step 2, 12 patients
were enrolled, for a total of 19 patients treated at the RD. Seven patients achieved a partial
response among these patients, for a response rate of 36.8% (95% confidence interval: 16.3~
61.6); overall survival was 7.3 months, One drug-related death occurred due to worsening of a
pre-axisting pneumonia. Common grade 3/4 toxicities were neutropenia and decreased-hemo-
globin.

Conclusion: The Pem/Cis combination provides promising activity and an acceptable safety
profile for chemonaive Japanese MPM patients with the same recommend dosage and sche-
dule used in rest of the world.

Key words: cisplatin — thelioma — pemetrexed — phase 11

INTRODUCTION membranes or from undifferentiated mesenchymal cells in
connective tissue under the membranes. MPM is a locally
invasive and aggressive tumor with a poor prognosis and a
median survival time (MST) of =9—16 months (1).

MPM is known to be linked to asbestos exposure, and the

Malignant pleural mesothelioma (MPM) is a tumor derived
from the mesothelinm covering the surface of pleural

g:hf'll’“'[“;‘:': all st ot d o K 31; Z‘CIlt;noh K""::“ University incidence of this tumor is expected to increase in the next 10—
ool of cine, ical Oncology, 377-. igashi, Osakasaysma % . BE Y
580-8511, Japan. E-mail: nakagewa@med kindai.se jp 20 years according to an estimation of asbestos consumption in

" The Author (2008). Published by Oxford University Press. All rights reserved




340 Phase I/l pemetrexed for MPM in Japan

the world (9). Recently, the prevalence of MPM in Japan was
widely recognized after uncovering the high incidence of
MPM and MPM-related deaths in ex-workers of asbestos fac-
tories and in residents of the surrounding areas who may have
been subject to non-occupational exposure to asbestos fibers.

Surgical resection offers local control of the tumor but its
effect on survival remains unclear. In addition, application
of radiation therapy is limited because of the diffuse exten-
sion of tumor spread. Regimens applied to lung cancer such
as platinum-containing chemotherapy have been used for
MPM in Japan; however, the efficacy outcomes of these
therapies are not satisfactory. Therefore, effective systemic
chemotherapy for MPM is clearly needed.

Pemetrexed is a novel antifolate (12) that inhibits three
enzymes in folate metabolism: thymidylate synthase, dihydro-
folate reductase and glycinamide ribonucleotide formyltransfer-
ase (11). Because of the multi-targeted profile of this
compound, broad and preferable anti-tumor activity is expected.
Pemetrexed has shown clinical activity in various tumors
including mesotheliomas (6). A pivotal multicenter, random-
ized Phase 111 study of pemetrexed (500 mg/m®) in combination
with cisplatin (75 mg/m?) versus cisplatin alone (cisplatin
75 mg/m”) in patients with MPM who had no prior chemother-
apy was conducted in 20 countries (not including Japan) (16),
A total of 448 patients were randomized and treated in this
study (226 treated by pemetrexed/cisplatin (Pem/Cis) and 222
treated by cisplatin). MST in the Pem/Cis arm was 12.1 months
compared with 9.3 months in the cisplatin arm (P = 0.020,
two-sided log rank test). This was the first confirmation of sig-
nificant prolongation of survival for patients with MPM, On the
basis of this evidence, the combination of pemetrexed and cis-
platin was approved for the treatment of MPM in the USA in
2004. Since then, the combination therapy has been approved
in more than 80 countries and regions for the treatment of
MPM, and recognized as a standard care for MPM (8).

In 2005, we initiated a Phase /11 study of Pem/Cis therapy
in Japanese patients with MPM who had no prior chemother-
apy. The primary objectives of this study were to determine
the clinically recommended dose (RD) of Pem/Cis therapy
in the Phase 1 portion of the study (Step 1), and to examine
tumor response of the combination therapy in the Phase I1
portion (Step 2). The secondary objectives included
time-to-event efficacy outcomes [the duration of response,
progression free survival (PFS), and overall survival time],
l-year survival rate, quality of life (QOL) assessments,
pulmonary function tests and safety.

PATIENTS AND METHODS
PATIENT SELECTION

Chemonaive patients with histological diagnosis of MPM,
regardiess of clinical stage and who were not candidates for
curative surgery, were assessed for eligibility. Eligible
patients needed to be 20—74 years old with a life expectancy
212 weeks and an Eastern Cooperative Oncology Group
performance status (PS) 0 or |. Patients were also required

to have adequate organ functions: bone marrow reserve
[platelets >100 x 10*/mm?*, hemoglobin >9.0 g/dl, and
absolute neutrophil count (ANC) >2.0 x 10°/mm*), hepatic
function [bilirubin <1.5 x upper limit of normal (ULN),
aspartate/alanine transaminase (AST/ALT) <2.5 x ULN,
and serum albumin >2.5 g/dl], renal function (serum
creatinine <ULN, and calculated creatinine clearance
=45 ml/min using the Cockeroft and Gault formula), lung
function (functional oxygen saturation [SpO.] >92%) and
normal electrocardiogram.,

Patients were excluded from this study for active infection,
symptomatic brain metastasis, a wide-spread diffuse shadow
in the lung caused by interstitial pneumonitis diagnosed by
chest X-ray, pregnancy, serious concomitant systemic dis-
orders incompatible with the study, clinically significant
effusions, Common Terminology Criteria for Adverse Events
(CTCAESs) v3 grade >2 peripheral neuropathy, the inability
to discontinue aspirin and other non-steroidal anti-
inflammatory agents or the inability or unwillingness to take
folate and vitamin B, duning the study.

This study was conducted in compliance with the guide-
lines of good clinical practice and the Declaration of
Helsinki, and it was approved by the local institutional
review boards. All patients gave written informed consent
before study entry. The Efficacy and Safety Evaluation
Committee (ESEC), an independent hody, was consulted if
any efficacy and safety issues arose in the study.

Stuoy Desion

This was a Phase I/TI, multicenter, single-arm, open-label
study, performed in two steps. The RD level established in
Step | was carried forward in Step 2. Patients enrolled in Step
1 at the RD level could continue in Step 2 unless otherwise
indicated. The planned number of patients in total of Steps 1
and 2 treated with Pem/Cis was 18—38 for examination of
efficacy and safety profile. In Step 1, six patients were to be
cnrolled in each dose level. The lower number of the planned
number of patients, 18, was set as the minimum number of
patients needed to confirm that the response rate of the study
drugs was significantly larger than the threshold rate of 10%
at one-sided significant level 0.05 with >80% power.

Stupy TrREATMENT

Pemetrexed was intravenously administered as a 10-min
infusion on Day 1 of a 21-day cycle, followed by cisplatin
administration intravenously as a 2-h infusion 30 min after
pemetrexed administration. Patients were instructed to take a
daily | g multivitamin containing 500 pg of folate beginning
1 week prior to Day | of Cycle | until study discontinuation.
Vitamin B3 (1000 pg) was intramuscularly injected, starting
| week prior to Day | of Cycle | and repeated every 9
weeks until study discontinuation. Patients remained on
study unless they were discontinued, for instance, due to
disease progression and unacceptable adverse events,




Derermmiation of RD ror Ster 2

In Step | (Phase 1), four escalating dose levels were planned:
pemetrexed at 500 (Level 1), 700 (Level 2), 900 (Level 3)
and 1000 mg/m” (Level 4) with cisplatin held at 75 mg/m*.
In addition, a lower dose level (Level — 1) was planned at
pemetrexed S00 mg/m’ and a lower dose of cisplatin 60 mg/
m? for a failure case of dose-escalation in Level 1. In the
dose-escalation procedure, the starting dose of pemetrexed
was set to be 500 mg/m’® which is ca. 40% of the maximum
tolerated dose (MTD) of pemetrexed monotherapy with folic
acid and vitamin B,; supplementation determined in a
Japancse Phase 1 study; the MTD and RD of pemetrexed
were determined to be 1200 and 1000 mg/m’, respectively
(7). The percentage of the starting dose to the MTD was
based on a guideline for Phase I/I1 study on anticancer drugs
(10). For escalation of pemetrexed dose, a modified
Fibonacci dosc-escalation method was used (2). Dose level
reduction or escalation depended on the incidence of dose-
limiting toxicity (DLT) at a given dose level (Fig. 1). If two
of six patients at Levels 1, 2 or 3 developed DLT, that dose
level was considered the RD for Step 2 (Phase II) of the
study, and then Step 2 was initiated. This was also the case
for Level —1 or 4 if 0-2 patients developed DLT. If three
or more patients developed DLT at a given dose level
(except dose Level — 1), the next lower dose level was con-
sidered the RD level for Step 2. If three or more patients had
DLT at Level —1, a decision was made as to whether the
study should be continued.

A DLT was defined as a toxicity occurring in Cycle |
meeting one of the following criteria: any grade >3 non-
hematologic toxicity (except nausea, vomiting, anorexia and
fatigue), grade >2 peripheral neuropathy or hearing loss/
impairment, grade >3 febrile neutropenia (< 1000/mm?
with >38.5°C), grade 4 leukopenia (< 1000/mm”) or neu-
tropenia (< 500/mm”) lasting >3 days, thrombocytopenia
(<25000/mm?), or thrombocytopenia requiring platelet
transfusion. A failure to start the second cycle by Day 29
due to toxicity was also considered a DLT. All toxicities
were assessed according to CTCAE.

Step 2

50060 (Level -1)

50075 (Level 1)

{mghT)icimplabe (Mo}
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Figure 1. Scheme of dose-cscalation Steps | and 2. DLT, dose-limiting
toxicity.
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TREATMENT ASSESSMENTS
ANTI-TUMOR ACTIVITY

Discase staging was assessed according to International
Mesothelioma Interesting Group Tumor Node Metastasis
(IMIG TNM) staging criteria (13). Within 28 days before the
first treatment and approximately every 4 weeks after the
first treatment, computer tomography or X-ray imaging of
cach lesion was performed. Tumor response was assessed
using the modified Southwest Oncology Group (SWOG) cri-
teria. Unidimensionally measurable lesions were defined as
Measurable disease, and assessed objectively by the sum of
the greatest diameters of them. Bidimensionally measurable
lesions defined in the standard SWOG criteria (5) were
assessed in the similar way. Best overall response selected
from total overall response assessments was determined
according to assessment of the Extramural Case Judgment
Committee (E-CJC). Duration of response was measured as
from the date of the first objective assessment of complete
response (CR) or partial response (PR) until the date of the
first assessment of progression of disease (PD). PFS was
measured as from the registration date of Cycle 1 treatment
until the first date of PD or death from any cause. Overall
survival time was measured as from the registration date of
Cycle | treatment until the date of death from any cause or
until the last follow-up date in survival surveillance period.

QOL AssessMENTS AND PuLMONARY FUNcTioN TesTs

QOL surveillance was employed using the following ques-
tionnaires: QOL questionnaire for cancer patients treated
with anticancer drugs (QOL-ACD), and functional assess-
ment of cancer therapy for lung cancer (FACT-L). These
questionnaires were used on Day | of Cycles 1 and 2, and
on 3 months after Day | of Cycle 1. QOL-ACD consists of
four subscales (activity, physical condition, psychological
condition and social relationships) and a total QOL scale
(face scale) (4). The lung cancer subscale (LCS) score of
FACT-L was used (3). As pulmonary function tests, forced
vital capacity (FVC), forced expiratory volume in 1 s (FEV,)
and vital capacity (VC) were measured using a spirometer in
the sitting position. All tests followed the Japanese
Respiratory Function Test guidelines (14).

SareTY

Adverse cvents were recorded throughout the study and after
the last drug administration until signs of recovery were
evident, Adverse events were evaluated according to
treatment-emergent adverse events (TEAEs) definitions, and
coded using the Medical Dictionary for Regulatory
Activities (MedDRA v9.0). The severity (grade) of an
adverse event was assessed according to CTCAE v3.

STATISTICAL ANALYSIS

The evaluation period of cfficacy and safety in this study
was defined as from the beginning of the study treatment to
5 months after the last patient began study treatment. For the
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cevaluations of overall survival ume and |-year survival rate,
survival surveillance period was defined as from the begin-
ning of the study treatment to | year after the last patient
began study treatment. Patients who received the study drugs
and complied with all inclusion/exclusion criteria were
included in full analysis set (FAS). Patients who were treated
with the RD level in Step | or 2 among FAS were included
in efficacy analysis set for efficacy evaluation. Patients who
received the study drugs at least once were included in
safety analysis set for safety evaluation.

Assessment results of the best overall response by the
E-CIJC were used for efficacy analysis. Statistical tests based
on binominal distribution were done to confirm that the
response rate of the study drugs was significantly larger than
the threshold rate of 10% at one-sided significant level 0.05.
The threshold rate 10% was set on the basis of historical
data on the response rate of cisplatin alone arm reported in
other studies (15,16).

RESULTS
PaTIENT CHARACTERISTICS

From 2005 to 2006, a total of 25 Japanese patients with
MPM were enrolled in Steps 1 and 2 at seven centers in
Japan. All patients met the eligibility criteria and received
study treatment; all were included in FAS. One patient was
still receiving the study drug at the time of the efficacy and
safety evaluations in this report.

Patient characteristics are summarized in Table 1. The
majority of patients were male (22 patients, 88.0%). The
median age was 61 years (range: 50—74 years). Most
patients had a PS of | (18 patients, 72.0%) and clinical stage
IV (21 patients, 84.0%). The predominant histologic subtype
was epithelial in 64% of patients. Two demographic charac-
teristics showed differences among dose levels. There were
more patients with PS 0 in Level —1 (50.0%) than in Level
1 (21.1%). All six (100%) patients in Level — ] had the epi-
thelial subtype versus 10 (52.6%) patients in Level 1.

Dose-Escaramion, Dose-Livrring Toxicry avp RD

One patient in Level | of Step | died on Day 14 of Cycle 1 due
to exacerbation of pneumonia, respiratory failure (hypoxia) and
disseminated intravascular coagulation (DIC), The ESEC
cvaluated the case of the early death. Since the patient had
had the shadow of the lung detected by radiographic image
prior to receiving study treatment, it was unlikely that the
administration of pemetrexed was the primary cause of the
pneumonia. The autopsy of this patient showed that interstitial
changes in the lung were mild and the pathological diagnosis
was an organizing pneumonia. The result of the autopsy was
compatible with the clinical course and suggested that the
direct cause of the death was not the drug-induced interstitial
pneumonia but the exacerbation of infectious pneumonia, wor-
sened by the study treatment. The case, therefore, was con-
sidered not appropnate for the DLT evaluation.

Table 1. Patient characteristics

Step | Level =1 Level 1 All treated
(n=6) (n=19) (m = 25)

Gender

Male 5 17 22

Female 1 2 3
Age

Mean 6l 61 61

SD 19 6.3 5.8

Med 6l 59 61
Weight(kg)

Mean 628 58.1 59.2

sD B3 1119 10.65
Performance status prior
to Cycle |

] 3 4 7

1 3 15 18
Histological subtype

Epithelioid 6 1o 16

mesnthelioms

Sarcomutoid 0 1 5

mesothelioma

Biphasic 1] 4 4
mesothelioma

Other o 0 0
Ashestns exposure

Had no exposure 2 3 5

Had exposure 4 16 20
Stage of discase

In 1] 0 o

b ] | 1

1 0 1 1

jiid I 1 2

w 5 16 2l

Level 1: pemetrexed 500 mg/m® + cisplatin 75 my/m®
Level = 1: pemetrexed 500 mg/m* + cisplatin 60 mg/m®
8D, standard deviation

One patient was added in this dose level to assess the safety
profile additionally. Among the six patients in Level 1 exclud-
ing the case inappropriate for the DLT evaluation, two patients
showed DLTs: drug-induced pneumonitis in one patient and
dose delay of Cycle 2 initiation due to decreased neutrophil
count in the other. According to the protocol definition, Level
| was determined to be an RD for the next phase (Fig. 1).

The ESEC, however, recommended examining the treat-
ment at Level —1 (pemetrexed 500 mg/m? and cisplatin
60 mg/m’) exploratively to accumulate more safety infor-
mation. Accordingly, six patients were enrolled and treated
at Level — 1, and no DLTs were observed in this dose level.

Evaluating the data of these two levels together, the ESEC
agreed to continue Step 2 carefully with the dose of Level
I. The sponsor decided to carry forward into Step 2 with



an RD of Level | {pemetrexed 500 mg/m’ and cisplatin
75 mg/m°). In Step 2, 12 patients were treated at Level |

Erncacy

Nineteen patients (7 in Step 1 and 12 in Step 2) in Level 1
were included in the efficacy analysis set and of 19 patients,
seven patients had PR. five patients had stable disease (SD),
six patients had PD and one patient was classified as not
evaluated. An overall response rate (ORR) was 36.8% [95%
confidence interval (Cl): 16.3%—61.6%). The 95% one-sided
confidence lower limit was 18.8%, exceeding the threshold
level of 10%. The six patients in Level —1 had PR; thus, the
ORR for all 25 patients treated with the study drug reached
52.0% (13 1otal PR, 95% CI: 31.3%-72.2%).

The secondary efficacy variables were time-to-event out-
comes (the duration of response, PFS and overall survival
time), 1-year survival rate, QOL and pulmonary function
test. The median duration of response was 5.2 months (95%
C1: 43—7.3 months) for the seven responders in the efficacy
analysis set (Table 2). The median duration of response for
the six responders at Level — | was again 5.2 months. For
the efficacy analysis set, median PFS was 4.7 months (95%
Cl: 1.3—6.5 months) and MST was 7.3 months (95% CI:
4,6—14,2 months, Fig. 2) with 1-year survival rate of 36.8%
(95% CI1: 15.2%—58.5%). Median PFS for the six patients at
Level —1 was 10.1 months. MST at Level = 1 could not be
calculated by Kaplan—Meier method. The l-year survival
rate of Level =1 (66.7%) was beyond 50%.

The QOL-ACD and FACT-L measures were used for QOL
evaluation. There were no major changes from prior to Cycle
1 to 3 months after Cycle | treatment in the mean scores for
the activity and physical condition subscales of QOL-ACD
(Table 3); however, mean scores from prior to Cycle 1 to 3
months after Cycle | treatmemt for the psychological condition
and social relationships subscales numerically increased, The
mean LCS score of FACT-L did not change substantially from
prior to Cycle 1 to 3 months after Cycle | treatment (data not
shown), These score changes indicate that QOL of the patients
was mainiained without worsening from baseline. Pulmonary
function was also maintained with no worsening from baseline
observed in the pulmonary function tests (FEV,, FVC and
VC) in the efficacy analysis set (data not shown).

SaFeTy

Of 25 patients of the safety analysis set, three died during
the study period: one (Level 1, Step 1) from exacerbation of
pncumonia as a pre-existing complication, respiratory
failure, and DIC, as described earlier, and the other two
(Step 2) due to study disease. Two patients experienced non-
fatal serious adverse events (fever and aspiration pncumonia,
respectively). A causal relationship between fever and the
study drugs could not be ruled out, but the aspiration pneu-

was not considered related to study drugs. Adverse
events leading to discontinuation from study treatment were
observed in six patients: one patient ar Level | and three
patients at Level — 1 in Step | and in two paticnts in Step

Jpn J Clin Oncol 2008:38(5) 343

Table 2. Summary of lime-to-event oulcomes and 1-year survival rates

Step | Level —1 Level | All trested
(n=8) (n=18) (n=25)
Duration of response {months)
Respanders 6 r) 13
Med 52 5.2 52
(95%: CI) AN = 43-713 43-73
Range 17-8.6 20-73 10-9.0
Censored 50 143 308
(%)
Progression free survival {months)
Med 10.1 47 48
(95% C1) 43—+ 1365 25-7.1
Range 13-121 0.5-9.6 0.5-12.1
Censored 50 10.5 20
%)
Overall survival (months)
Med NA 13 92
(95% CI) L= 46—142 55144
Range K6—193 05-215 05-215
Censored 66.7 21l 32
(%)
{-year survival rate (%)
66.7 368 440
(95% C1) 28.9-100.0 152-58.5 245-635

*Not calculated. NA, not assessed.

Level 1. pemetrexed 500 m&m’ + clsplatin 75 mg/m*
Level = I: pemetrexed 500 mg/m” + cisplatin 60 mg/m’
Cl, confidence interval

2. Adverse event leading to discontinuation in two or more
patients was increased blood creatinine (two patients).

Grade 3 or more laboratory TEAEs were observed in
16 patients: four patients at Level | and five patients at
Level =1 in Step | and in seven patients in Step
2. Laboratory TEAEs observed in at least half of the 25
patients were decreased-hemoglobin, decreased red blood
cell count, decreased neutrophil count, decreased white
blood cell count, decreased lymphocyte count, increased
blood urea and decreased body weight (Table 4), Grade 3 or
more non-laboratory TEAEs were observed in eight patients:
three patients at Level | and one patient at Level —1 in Step
1 and in four patients in Step 2. Non-laboratory TEAEs
observed in at least half of the 25 patients were nausea, anor-
exia, vomiting and malaise. No major differences between
Levels | and —1 (Step 1) in the incidence of TEAEs were
noted.

For the 19 patients at Level 1, laboratory TEAEs of grade
3 or higher, possibly related to drug, and observed in at least
two patients were decreased neutrophil count (seven patients,
36.8%), decreased hemoglobin (six patients, 31.6%),
decreased white blood cell count (five patients,
26.3%), decreased lymphocyte count (five patients, 26.3%),
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Figure 2. Kaplan—Meier plot of overall survival in the efficacy analysis set. Solid lines, overall survival; dotted lines, high and low limits of 95% confidence

interval,

decreased platelet count (two patients, 10.5%) and decreased
blood potassium (two patients, 10.5%). Non-laboratory
adverse drug reactions of grade 3 or higher observed in at
least two patients were vomiting (three patients, 15.8%),
anorexia (three patients, 15.8%), nausea (two patients,
10.5%) and malaise (two patients, 10.5%). Adverse drug
reactions of grade 3 or higher for the six patients in Level
—1 were decreased neutrophil count (three patients),
decreased-hemoglobin (two patients), decreased lymphocyte
count (two patients) and decreased red blood cell count (one
patient),

DISCUSSION

This Phase 1/11 study reports the first experience of the com-
bination of pemetrexed and cisplatin therapy in Japanese
patients. The RD of Pem/Cis combination therapy was estab-
lished at pemetrexed 500 mg/m” and cisplatin 75 mg/m?,
with pemetrexed administration on Day | of each 21-day
cycle followed by cisplatin, which is the same regimen used
in worldwide for patients with MPM (16).

Of the 19 patients evaluable for efficacy at the RD level,
there were PRs in seven patients, for an ORR of 36.8%
(95% Cl: 16.3%—61.6%). A pivotal Phase [I1 study of the
same regimen as that applied of the present study, yielded a
response rate of 41.3% (95% CI: 34.8%—48.1%) in 225
patients (16). The response rates from both studies are com-
parable despite of the large difference in sample size.

The response rate of all the 25 treated patients was higher
than the response rate for the 19 patients treated at the RD
(52.0% versus 36.8%). This is due to the fact that all the six
patients in Level —1 had PR. The excellent outcome
observed in Level —1 may be attributed to differences

between those patients who received the RD and those
patients in Level — 1 in the histological subtype of mesothe-
lioma. All six patients in Level —1 had an epithelial
subtype, which is known as a favorable prognostic factor,
while only about half of the 19 patients at the RD had this
subtype. In addition, the PS of the patients in Level — 1 was
better than the patients at RD.

A secondary efficacy endpoint MST showed 7.3 months in
this study, shorter than that of the Pem/Cis arm in the Phase
111 stady (12.1 months) (16). Although it would be difficult
to compare MST of this study derived from a small sample
size with the large Phase 111 study (n = 226), the discrepancy
of survival between the two studies could be ascribed for the
demographic characteristics of patients in both. There are
less patients who had good prognostic factors in this study
than in the Pem/Cis arm of the Phase I1I study: epithelial
subtype: 52.6% versus 68.1%, a good PS: 21.1% (PS =0)
versus 51.8% (Karnofsky PS = 90/100) and clinical stage
I/T1: 8.0% versus 22.6% (16).

In this study, the most common adverse events (>50%
of patients) were decreased-hemoglobin, erythropenia,
neutropenia, leukopenia and lymphopenia for laboratory
parameters, and nausea, anorexia, and vomiting for non-
laboratory parameters. These hematologic and gastroin-
testinal events were similarly observed in the Pem/Cis arm
of the pivotal Phase Il study (16). No grade 3/4 febrile neu-
tropenia toxicity which 1s a potentially life-threatening event
was reported in our study., One death by pneumonitis was
observed in this study; however, the patient was considered
to have a pre-existing condition before initial treatment with
study therapy. Adverse events observed in this study were
predictable from safety profile observed in overseas trials
and market experiences of pemetrexed and cisplatin combi-
nation therapy.
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Table 3. 5 y of QOL g for cancer p treated with Table 4. 5 v of emergent adverse events (TEAEs) reported
anticances drugs (Level |, n=19) > 15% paticnis
Subscale  Measuremnent " Mean  SD Min  Med Max System ofgan Seep | Level 1 All treated
Point class preferred term Level =1 (n=19) (n=25)
(n=6)
Activity 1T
Paticots wit 3
Priorto Cyclel 19 629 2535 200 600 1000 : ) 1 3
PrictloCycle2 15 618 3227 50 700 1000  ADORWRY
PriottoCycled 14 696 2179 200 750 950 oy Sdorekied ] e 4
Cyclel <3M 11 605 3213 S0 700 1000 Red blood cell count decressed 6 16 A
Neutrophil count decreased 5 16 21
Physical )
PriortoCyclel 19 647 1233 150 700 1000 Witz DloAd ol covec.dicivind. 3 13 20
Prorto Cycle 15 643  IBI1 200 650 950 Lyraphacyts count decrensed 4 12 -
PriortoCysled 14 662 1833 300 700 850 Blood urea increased 5 16
decreased )
Cyclel +3M 1| 614 2146 350 600 950 Weight 3 12 13
Blood albumin decreased 2 {1] 2
Psychological
Priorto Cyclel 19 532 2062 125 563 813 Prifuset count docyoased s s 12
ProrfoCycle2 15 396 2487 125 €25 1000 RICHEREotal it 4 9 1=
PriortoCycled 14 580 1741 313 563 815 Bl Comptitine Tt by 7 1
Cyclel +3M 11 614 1807 378 688 8§73 oyl coms: Exvensd . ) i
White blood cell count increased 2 ] 1
Social
i
Priorto Cyclel 19 329 2156 50 250 750 FHa Sodtuin deeroused 2 ! g
Priocto Cyele2 1S 337 1913 00 250 700 Alotsin uetinpiuires tnamiind. | ? 8
i 7
Priorto Cycled 14 436 1994 100 425 850 R S vy \ B
Cyclel =3M 11 364 2259 100 300 850 Aspkrtnic sptinotransferasd incmased. 1 g ?
Blood magnesium decreased 2 5 7
Face scale
Priorto Cyclel 19 500 2357 00 500 1000 Plood pomaiva gecrasd . g ’
ProctoCycle2 14 554 2437 00 500 1ooq |oniabomstory
PriortoCycled 14 643 2344 250 500 1000 Haiao 8 1 A
Cyclel +3M 11 636 2050 250 750 1000 Anonesia ¢ 14 =
- Vomiting 3 15 I8
Level 1: pemetrexed $00 my/m® + cisplaun 75 mg/m’ M, months. Malaise 5 10 15
QOL. quatiry of life. Constipation 3 9 12
CONCLUSION Sy 2 -
‘ Rash 2 6 8
The RDs for the Pem/Cis :ombin}mmn are pemetrexed Diarhoss | 6 7
jﬂq mg/m* and cnsplatm 75 mga’m‘, Whlctl‘] is the same OCeliia 2 5 7
regimen used in worldwide for patients with MPM. The h = P 3
M Py fiy ’ ! yl:ll -
combination shows promising efficacy with an acceptable
safety profile in Japanese paticnts with MPM. Dpgre 3 = i
On January 2007, Pem/Cis combination therapy was Headache 1 6 7
approved and launched for the treatment of patients with
MPM in Japan. Intensive post-marketing surveillance in  Level I pemetiexed 500 mg/m’ £ cispiatin 75 mg/m’
. : . A Level = |: pemetrexed 500 mg/m” + cisplatin 60 mg/m®
patients with MPM is ongoing MedDRA Ver 9.0
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Abstract

Introducrion It has been reported that the R497K poly-
morphism of the epidermal growth factor receptor (EGFR)
gene has attenuated functions in ligand binding, tyrosine
kinase activation, and growth stimulation. On other hand,
EGFR gene mutations at kinase domain in non-small cell
lung cancer (NSCLC) have been examined for their ability
to predict sensitivity to gefitinib or erlotinib.

Materials and methods We investigated the EGFR muta-
tions and/or R497K polymorphism statuses in 225 surgi-
cally treated NSCLC cases. 192 adenocarcinoma cases
were included. The presence or absence of EGFR polymor-
phism of exon 13 was analyzed by PCR-RFLP method.
Results  EGFR mutations at kinase domain were found
from 95 of 225 lung cancer patients. In 86.2% of patients,
homo- or heterozygous Lys497 allele was present. No cor-
relation existed between R497K EGFR genotype and cli-
nico-pathological features, such as gender, smoking status,
and pathological subtypes.
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Conclusions EGFR mutation stats was not cormrelated
with R497KEGFR genotype of lung cancers. In node-nega-
tive patients, R49TKEGFR genotype was not correlated
with disease outcome. In node-positive patients, however,
R497K EGFR was significantly associated with better over-
all survival. This association was attributable to neo-adju-
vant or adjuvant chemotherapy. In 46 total gefitinib treated
NSCLC patients, the prognosis was not different between
the EGFR wild type (GG) patients and AG+AA patients.
R497TKEGFR polymorphism might be associated with
favorable prognosis of advanced lung cancers and corre-
lated with chemosensitivity.

Keywords EGFR - Lung cancer - Polymorphism - R497K

Introduction

Lung cancer is a major cause of death from malignant dis-
eases, due to its high incidence, malignant behavior, and lack
of major advancements in treatment strategy (Ginsberg et al.
1993). There are much accumulated evidences that epidermal
growth factor receptor (EGFR) and its family member are
strongly implicated in the development and progression of
numerous human tumors, including lung cancer (Nicolson
etal. 2001; Onn etal. 2004). The EGFR tyrosine kinase
inhibitor, gefitinib, was approved in Japan for the treatment
of non-small cell lung cancer (NSCLC) since 2002, In 2004,
two reports have shown that EGFR mutation statuses at tyro-
sine kinase (TK) domain in NSCLC patients were correlated
with the clinico-pathological features related to good
response to gefitinib (Paez etal. 2004; Lynch etal. 2004).
EGFR mutations in lung cancer have been correlated with
clinical response to gefitinib therapy in vivo and in vitro
(Paez et al. 2004; Lynch et al. 2004; Pao et al. 2004). Genomic
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profiling of the EGFR signaling is also helpful in identifying
lung cancer patients who are at risk of wmor recurrence and
those who are more likely to benefit from chemoradiation
therapy. For example, the NSCLC patients with more than 35
(CA)n repeats in EGFR intron 1 polymorphism had a signifi-
cantly longer overall survival than the patients with the 35 or
fewer (CA)n alleles, who received radiation (RT; 50.4 Gy) or
RT concurrent with chemotherapy (CT; four cycles of cis-
platin plus etoposide) (Dubey et al. 2006; Keller et al. 2000).
EGFR intron 1 and —216G/T polymorphisms influenced
clinical outcomes in gefitinib-treated NSCLC patients (Liu
et al. 2008). A polymorphic variant EGFR arising from a sin-
gle nucleotide change (G-A) leading to an arginine (Arg) to
lysine (Lys) substitution in codon 497 (R497K) in the extra-
cellular domain of EGFR has been identified (Moriai et al.
1994). This polymorphism alone or in combination with
another polymorphism in the same gene is associated with a
lower recurrence of tumor in rectal cancer patients treated
with chemoradiation (Zhang et al. 2005). To determine this
EGFR polymorphism status and correlation with clinico-
pathological feamres in Japanese lung carcinoma, we investi-
gated EGFR gene status by PCR-RELP method and direct
sequencings. The findings were compared to the clinico-
pathologic features of lung cancer,

Materials and methods
Patients and samples

The study group included 206 lung cancer patients who had
undergone surgery at the Department of Surgery II, Nagoya
City University Medical School between 1997 and 2005.
Fifty eight patients were treated with platinum-based neo-
adjuvant or adjuvant chemotherapy. Twenty seven patients
were treated with gefitinib for their recurrence of lung can-
cer after they had undergone surgery. We have also investi-
gated EGFR R497K status for 19 NSCLC patients who had
treated with gefitinib for their recurrence of lung cancer
after undergone surgery at the National Hospital Organiza-
tion, Kinki-chuo Chest Medical Center. The lung tumors
were classified according to the general rule for clinical and
pathological record of lung cancer in Japan, as well as
WHO classification. All mmor samples were immediately
frozen and stored at —80°C until assayed.

The clinical and pathological characteristics of the 225
lung cancer patients were as follows; 132 (58.6%) were
male and 93 were female. One hundred and ninety two
were diagnosed as adenocarcinoma, and 33 were diagnosed
as other types of carcinoma (20 squamous cell carcinomas,
eight adenosquamous carcinomas and five large cell carci-
nomas). One hundred and twenty five (55.6%) were smoker
(current smoker or ever smoker) and 100 were non-smoker.

&) Springer

Written informed consent was obtained from the patients,
and the institutional ethics committee of the Nagoya City
University approved the study.

PCR assays for EGFR polymorphism

Genomic DNA was extracted using Wizard SV Genomic
DNA purification Systems (Promega) according to the
manufacturers’ instructions. EGFR mutation statuses at
kinase domain were investigated using TagMan PCR assay
(Applied Biosystems). The sequences of 13 allele-specific
TagMan MGB probes and primer sets used in the TagMan
PCR assay were already shown (Endo etal. 2005). The
results of TagMan PCR assays were already reported. The
R497K EGFR (G-A) polymorphism was examined by
PCR-RELP method as described previously (Zhang et al.
2005; Wang et al. 2007). Briefly, the PCR reactions were
performed using LA-Taq kit (Takara Bio Inc, Shiga, Japan)
in a 50 ul reaction volume. The primer sequences for EGFR
gene at exon 13 were as follows: the forward primer, 5'-
TGCTGTGACCCACTCTGTCT-3" and the reverse primer,
5'-CCAGAAGGTTGCACTTGTCC-3'. The cycling con-
ditions were as follows: initial denaturation at 95°C for
3 min, followed by 35 cycles at 94°C for 60 s, 59°C for
60 s, 72°C for 60 s. The products were purified by Qiagen
PCR purification kit (Qiagen, Valencia, CA), and then
digested by BstN1 restriction enzyme (New England Bio-
labs) at 60°C for 16 h. These samples were separated on 4%
ethidium bromide-stained agarose gels. In some cases,
direct sequencing were performed and analyzed by BLAST
and chromatograms by manual review.

Statistical analysis

Statistical analyses were done using the Mann-Whitney U/
test for unpaired samples and Wilcoxon's singed rank test
for paired samples. Linear relationships between variables
were determined by means of simple linear regression. Cor-
relation coefficients were determined by rank correlation
using Spearman’s test and ¥° test. The overall survival of
lung cancer patients was examined by the Kaplan-Meier
methods, and differences were examined by the Log-rank
test. All analysis was done using the Stat-View software
package (Abacus Concepts Inc. Berkeley, CA), and was
considered significant when the p value was less than 0.05,

Results
EGFR gene mutation status

Of 225 patients, in exon 19, 51 patients had the deletion
type mutation. In exon 18 or exon 21, 39 patients had the
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missense point mutations (1 G7198, 3 G719C, 34 L858R
and 1 L8610Q). Five patienis had exon 20 insertion muta-
tions (Sasaki et al. 2007). Of these 95 patients, 34 were

male and 61 were female. Sixty seven were
wokers. Ninety two patients he

wquamous cell carcino

mn-smokers

and 28 were

noma and three
EGFR mutati

correlated with ge

8-21 were significantly

< 0.0001), tobacco-smoking
(p <0.0001), and pathological subtypes (adenocarcinoma
vs. non-adenocarcinoma, p < 0.0001). Of 206 patients from
Nagoya City University, 97 (51.5%) were siage 1. There
was a higher EGFR mutation in stage 1(51/97, 28.4%) than
in stage TI-TV (33/89, 19.7%, p = 0.0235).

EGFR polymorphism at exon 13

Using the PCR-RFLP assay, a sequence difference in exon
13 (R497K) was found in tumors that defined in the EGFR
gene. Example of the EGFR gene analyzed by PCR-RELP
method was shown in Fig. 1. Same codon 497 polymor-
phism of EGFR was found in both DN As isolated from sev-
eral lung cancer samples and adjacent peripheral blood
samples. Several samples were also confirmed by direct
sequencing (Fig. 2). Of 225 patients, 194 patients had the
EGFR polymorphism (80 AA and 114 GA), 117 were male
and 77 were female, 110 were non-smokers and 84 were
smoker, and 166 patients had adenocarcinoma and 28 had
other types of lung cancers. The R497K polymorphism did
not cormelate with gender (p=0.2410), smoking status

Lanei; Lane2: Lane 3: Laned
GG GA GA Al

Fig. | Representative PCR-RELP patterns of different EGFR codon
497 status. PCR products afier being digested by BsiN1 were separated
by agarose gel electrophoresis

Fig. 2 The sequence results of EGFR exon 13, Left upper wild type
(GG). Righs upper heterozygous change (GA). Left lower homozygous

change (AA)

Table 1 Clinico-pathological daw of 223 lung cancer patients

Factors

EGFR p-value
GG GA+AA
Patients Patients

Mean age (years) 6324
Gender

Male

Female

Smoking
Non-smoker
Smoker
Pathological subtype
Adeno

Others

EGFR mutation
Positive

Negative

Age

<60

>60

Pathological stages

|

I

M-IV

Lymph node metastasis
Negative

Positive

634+ 100 620+ 12.0 0.6685

15(48.4%) 117 (603%) 0.2410

16 (51.6%) 77 (49.7%)

16 (51.6%) 84(43.3%) 04387
15(48.4%) 110 (S6.8%)

26 (83.9%) 166 (85.6%) 0.7865

5(16.1%) 28 (14.4%)

14(45.2%) 81(41.8%) 05566
17 (54.8%) 113 (38.2%)

12(38.7%) 72039.1%) >0.9999

19 (61.3%) 112 (60.8%)

10(35.7%) 96(53.9%) 01073
4(143%) 29(163%)

14 (50.0%) 53(29.8%)

14 (50.0%) 118 (663%) 0.1366

14 (50.0%) 60(33.7%)

*EGFR epidermal growth factor recepior, Smoker current smoker or
ever SEHIIL!'L '1!.'1"!'”!,I\lrllln_.'ilL'HIC-ﬂlﬂ

(p =0.4387). pathological

subtypes (p= 0.7865), and

EGFR-TK matation stas of lung cancer (p=0.5566)
(Table 1). Major components of adenocarcinomas with
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R497K were as follows; acinar 58.3%, solid 25.0%, and
papillary 12.5%. Major components of adenocarcinomas
with wild type (Lys/Lys) were as follows; acinar 40.0%,
papillary 40.0%, and solid 20.0%. Thus polymorphism sta-
tus did not correlated with the major components of adeno-
carcinomas. No significant association between R497K
EGFR genotype and patient outcome was seen for the 206
patients from Nagoya City University (p =0.1121). Patho-
logical stages (p < 0.0001) but not gender (p = 0.0696) was
a prognostic factor. In node-negative patients, 119 (28 were
dead) were R497 KEGFR and 14 (three were dead) were
wild type EGFR. Thus EGFR genotype was not correlated
with disease outcome (Log-rank test p = 0.8882) (Fig. 3).
In node-positive patients, however, 59 (33 were dead) were
R497K EGFR and 14 (12 were dead) were wild type. Thus
R49TK EGFR was significantly associated with better over-
all survival (Log-rank test, p=0.0072) (Fig.4). In this

8 T
.6 7

4] AA+GA

(survival rate)

g

0

T T T T

0O 20 40 60 80
{months)

100 120 140

Fig. 3 The overall survival of node-negative lung cancer patients was
studied in reference to the EGFR (R497K) status, There was no differ-
ence of survival between the patient with EGFR wild type (GG)
(n =14, 3 were dead) and the patient with R497TK EGFR (GA or AA)
(n =119, 28 were dead) (Log-rank test, p = 0,8882)

14
g .8
E .6-‘ AA+G
g 44 A
=2
0 GG
o zb 40 60 80 100 120
(months)

Fig. 4 The overall survival of node-positive lung cancer patients was
studicd in reference to the EGFR (R497K) status. The patients with
EGFR wild type (GG) (n=14, 12 were dead, median follow
up = 21.7 months) had significantly worse prognosis than the patients
with R497K EGFR (GA or AA) (n = 59, 33 were dead, median follow
up = 42.7 months) (Log-rank test, p=0.0072) (relative risk 2.4,
1.229-4.689)

@ Springer

cohort, pathological stage (stage II, n = 17 vs. stage III-IV,
n =56, p=0.2932) or gender (male, n=41 vs. female,
n=32, p=0.7957) was not a prognostic factor. Mulli-vari-
ate analysis showed that R497K status was a prognostic
factor (p =0.0104, relative risk 2.4, 1.229-4.689). We also
compared associations between EGFR polymorphism sta-
ws and patient outcome who were treated with platinum-
based adjuvant or neo-adjuvant chemotherapy who had
undergone surgery. The overall survival of 58 lung cancer
patients with follow-up through March 1, 2008 was studied
in reference to the EGFR polymorphism status. Ten were
wild type (eight were dead) and 48 were R497K (23 were
dead). The prognosis was significantly worse in EGFR wild
type than in EGFR R49TK polymorphism (p= 0.0038)
(Fig. 5). In this cohort, pathological stages (stage L n =11,
stage II, n= 14, stage [I-IV, n =33, p =0.0445) but not
gender (male, n =42 vs. female, n = 16, p =0.9103) was a
prognostic factor. However, multi-variate analysis showed
none of them was a prognostic factor.

Relationship between clinical courses of lung cancer
patients treated with gefitinib and EGFR

The overall survival of gefitinib treated lung cancer patients
from Nagoya City University, with follow-up through
March 1, 2008, was studied in reference to the EGFR poly-
morphism status. Of 206 patients from Nagoya City Uni-
versity, 27 were treated with gefitinib therapy. Total 46
gefitinib treated patients were investigated the R497K poly-
morphism statuses. In this analysis, 38 patients had EGFR
polymorphism (AG or GG). The prognosis after gefitinib
therapy was not significantly different between EGFR wild
type patients (GG, 5/8 were dead) and EGFR polymor-
phism patients (AG+GG; 28/38 were dead) (p=0.3100)
(Fig. 6).
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Fig. 5 The overall survival of adjuvant or nec-adjuvant chemo-un-
treated lung cancer pati was studied in ref to the EGFR

(R48TK) status. The patients with EGFR wild type (GG) (n=10, &
were dead, median follow up = 23.7 months) had significantly worse
progoosis than the patients with R497TK EGFR (GA or AA) (n= 48,23
were dead, median follow up=>55.1 months) (Log-rank test,
p =0.0038)
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Fig. 6 The overall survival of 46 gefiimb untreated lung cancer pa-
tients was studied in reference 1o the EGFR (R497K) stamus. There was
no difference of survival between the patients with EGFR wild type
(GG) (n =8, 5 were dead) and the patients with R497TK EGFR (GA or
AA) (n = 38, 28 were dead) (Log-rank test, p = 0.3100)

Discussion

In the present study, we showed that the R497 polymor-
phism of EGFR in node-positive lung cancer patients who
received curative surgery might account for a longer overall
survival. Moreover, this polymorphism was shown to cor-
relate with a better prognosis after platinum-based adjuvant
treatment. Although the underlying mechanisms remain
unclear, an attenuated ligand interaction and consequential
signal transduction might be the main reason for the sub-
opitimal function of this receptor variant (Moriai et al.
1994),

The quantification of certain intratumoral molecules
involved in the targeting or metabolism of specific chemo-
therapeutic agents may be valuable in predicting their
efficacies or toxicities in cancer patients. For example,
patients with a higher intratumoral level of excision repair
cross complementation group 1 (ERCCI1), an enzyme
involved in nucleotide excision repair, may have a higher
resistance to cisplatin-based adjuvant therapy in NSCLC
(Olanssen et al. 2006). Moreover, NSCLC patients with a
higher class III beta tubulin may have a higher resistance Lo
taxane chemotherapy (Dumontet et al. 2005).

In this report, the R497K EGFR SNP(exon 13) is not
associated with somatic EGFR-TK mutation. Approxi-
mately 563 EGFR-SNPs have been identified in human
genome according to the National Cancer for Biotechnol-
ogy information database. However, there are few studies
examining associations between EGFR SNPs and human
disease (Shintani et al. 1999; Kang et al. 2005; Fukushima
et al. 2006; Zhang et al. 2006, Wang et al. 2007, Liu et al.
2008). In this study, we detected a polymorphism in exon
13 of the EGFR-extracellular domain, which changed
amino acid Arg (R) to Lys (K), and the K allele seems to

decrease the activity of EGFR (Moriai et al. 1994), Previ-
ous reports suggested that EGFR R497TK polymorphism
was weakly associated with gefitinib response (Liu et al.
2007). However, in our Japanese cohort, EGFR R497K was
not associated with response 1o gefitinib. Although the sur-
vival curve of R497K showed higher than EGFR wild type
(G/G) in our data, the larger number would help to deter-
mine the correlation between the R497K polymorphism
and gefitinib sensitivity.

Previous report showed that patients with 497 Arg/Arg
genotype tended to have a higher risk of local recurrence in
chemo-treated rectal cancer patients (Zhang etal. 2005,
Brandt et al. 2006). The patients with Arg/Arg genotype
showed the highest risk of disease-specificity morality and
none of the patients with the Lys/Lys genotype died
throughout the follow-up period of head and neck cancer
treated with chemoradiation (Bandres etal. 2007). The
mechanism through which the variant human EGFR
R497K may account for lower local failures after chemo-
therapy is unknown (Zhang et al. 2005). A study with Chi-
nese hamster ovary cells, the variant EGFR 497K cell line,
showed an attenuated growth response to EGF and trans-
forming growth factor-«, and a reduced induction of the
proto-oncogenes fos, jun, and myc (Moriai et al. 1994). It
was suggested that the amino acid substitution in the extra-
cellular domain might modulate ligand binding and trans-
membrane signaling to the intracellular domain (Zhang
etal. 2005). Thus, variant EGFR receptor may be less
efficient in the recruitment of intracellular substrates and/or
cause downstream activation of alternative signaling path-
ways with decreased proto-oncogene induction or growth
stimulation, affecting chemosensitivity. Shintani etal
(1999) demonstrated that another EGFR-SNP at position
2073 was correlated with truncated EGFR transcription,
which might interfere with EGFR three-dimensional struc-
ture and EGFR expression.

In summary, R457 polymorphism of EGFR in node-pos-
itive lung cancer patients had a beuter overall survival
R497TKEGFR polymorphism might be associated with
favorable prognosis of advanced lung cancers.
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