Patients had to have fully recovered from toxicity asso-
ciated with previous therapy. Patients were ineligible for
the study if they had symptomatic central nervous system
metastases, neurological symptoms, fever, or unstable
significant clinical conditions. Patients who were receiving
corticosteroids, anticoagulants, immunotherapy, biolog-
ical response modifiers, or other investigational agents; or
who had received prior radiation therapy to 20% greater
of bene marrow; or who had received a bone marrow stem
cell transplant, were excluded [rom the study.

The protocol was approved by the inslitutional
review boards of the National Cancer Center Hospital
and the Nagoya Medical Center, and all patients gave
written informed consent prior to study entry.

Dosage and dose escalation

Edotecarin (J-107088) was provided as an injectable
preparation in plastic infusion bags by Banyu Pharma-
ceutical Co., Ltd. (Tokyo, Japan). Each bag contained
37.5 mg edotecarin in a 250 ml 5% glucose solution
(final edotecarin concentration of 0.15 mg/ml). Edotec-
arin was administered by intravenous (I1V) infusion over
2 h every 21 days. Patients were hospitalized for the
mitial course of edotecarin and remained hospitalized
for close observation for 21-28 days thereafter. Sub-
sequent courses could be administered on an cutpatient
basis with a weekly evaluation by the mvestigator.

The initial dose of edotecarin was 8 mg/m?, and
subsequent doses were escalated in approximately 33%
increments {to 11 and 15 mg/m?). Patients were en-
rolled in cohorts of 3 patienis per dose and observed
for 21 days; the observation period was extended to
28 days if a longer recovery period was needed. If
only one of the three patients experienced a dose-
lmiting toxicity (IDLT), then three additional patients
were treated at the same dose. If none of the first
three patients in a cohort, or if only one of six pa-
tients demonstrated DLT, then the next three patients
were treated at the next higher dose. If at least two
patients in the cohort experienced DLT, that dose
level was regarded as the MTD. The dose for the next
cohort would then be reduced by approximately 15%.
The recommended dose for future Phase 11 studies was
to be evaluated in a total of nine patients and was to
be the highest dose at which fewer than a third of
treated patients experienced a DLT. Individual pa-
tients who did not experience DLT and had no ewi-
dence of disease progression could receive up to four
courses of edotecarin at the dose originally assigned.
No intrapatient dose escalation was permitied. Pa-
tients who had a DLT that had recovered to grade 2
or less could continue treatment with edotecarin at a
dose below the dose at which DLT was demonstrated.
If DLT occurred at the reduced dose, no further
treatment was to be administered. Patients with pro-
gressive disease were to discontinue treatment.
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Definition of dose limiting toxicity (DLT)

For the purpose of this study, DLT was defined as the
occurrence of pre-specified severe adverse events [sever-
ity defined according to the Natjonal Cancer Instituile
Common Toxicity Criteria (NCI CTC} version 2.0],
occurring during cycle 1 and attributed to edotecarin.
Criteria that are relevant to DLT’s observed in this
study were: grade 3 or 4 non-hematologic toxicity (ex-
cept nausea, vomiting, fever and fatigue effectively
managed with symptomatic treatment, and alopecia);
grade 4 granulocytopenia accompanied by fever of
239.1°C, or accompanied by an infection requiring
antibiotic or antifungal treatment based on fever of
238.0°C, or that persisted 25 days; grade 4 leukopenia
that persisted =5 days; or failure of granulocyte and
platelet counts to return to 21,500/mm? and 2100,000/
mm®, respectively, within 28 days after edotecarin
administration.

Supportive care

Each patient received granisetron 3 mg and dexameth-
asone 20 mg 1V pretreatment on day 1 and dexameth-
asone 8 mg 1V on days 2-4 post treatment for
prevention of nausea, vomiting, and general maiaise,
Granisetron 3 mg 1V was also administered on days 24
if needed. Routine use of colony-stimulating factors was
not permitted during cycle 1. However, patients who had
gramlocytopenia that had met the criteria for DLT were
permitted to receive filgrastim in cycle 1 and subsequent
cycles.

Patient evaluation

Patients were evalvated at baseline and periodically
throughout the study. During the first cycle, vital signs
were measured every 1-3 days, hematology determina-
tions were performed every 2-3 days, and serum bio-
chemistries on days 3, 8, and 15. Physical examinations,
including evaluation of perfoermance status and mea-
surement of palpable tumors, were done on days 8 and
15. During the second and the subsequent cycles, vital
signs, laboratory tests and toxicity evaluations were
performed on days 1, 8§, and 15 of each cycle. For cycle
1, blood coagulation studies were done before each dose
and on days 8 and 15. Measurements for subsequent
cycles were on day 1, and finally, within 2 weeks after
terminating the study. Performance status was assessed
by the physician according to the ECOG criteria [14].
Tumor responses were based on WHO criteria. Radio-
graphic evaluations of tumor size were performed every
two cycles and were to be repeated after 4 weeks in case
of response. Safety events were recorded on the basis of
changes in signs and symptoms, physical findings, vital
signs, and laboratory abnormalities. Weekly severity
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assessments of subjective and objective findings were
performed according to the NCI CTC version 2.

Plasma edotecarin measurements and assay
Pharmacokinetic analysis

Pharmacokinetic studies were performed during the first
cycle of treatment. On day 1, blood samples (6 ml each)
were drawn into heparinized tubes from an indwelling
IV cannula in the arm contralateral to the arm bearing
the infusion line. Samples were collected before infusion,
at 15 and 60 min after the start of the infusion, at the
end of the 2-h infusion, and at 5, 15, 30, and 60 min and
2,4,6,8,10and 24 h after the end of the infusion. Urine
samples were collected over two 24-h intervals for 48 h
after the start of the infusion.

The concentrations of edotecarin in plasma and in
urine were analyzed by Mitsubishi Chemical BCL (To-
kyo) using validated, high-performance liquid chroma-
tography. J-109404, a chemical analog of edotecarin,
was the internal standard. BondElut CH cartridges were
pre-conditioned with successive 1-ml washes of dichlo-
romethane, methanol, and water. Plasma samples (I m])
were mixed with 0.1 ml of 10% acetonitrile, 0.1 ml of
the internal standard (1 pg/mi) in 10% acetonitrile, and
I ml of 50 mM, pH 7.0 phosphate buffer and applied to
pre-washed BondElut cartridges. The cartridges were
then washed with 1 m] of water, spun at 1,000 rpm for
1 min at 4°C, washed again with 1-ml of 20% methanol,
and spun again. To each column was then added 0.5 ml
of 60% methanol followed by centrifugation to elute the
retained compounds of interest. Elnates were dried un-
der a nitrogen stream, reconstituted in 0.1 mL of mobile
phase, and transferred to Ultrafree MC (0.2 pm) cen-
trifugal filter units. The filter units were spun at
15,000 rpm for 5 min at 4°C and 60 pl of the filtrate was
chromatographed. Chromatography was carried out on
a Superiorex ODS §-5 um, 4.6 mm IDx250 mm column
with a Capcell C18 UGI120, 4 mm IDx10 mm guard
cartridge (source of columns was Shiseido, Tokyo)
eluted with water/acetonitrile/inethanol/triflnoroacetate
(TFA) (67/18/15/0.1} flowing at 1.0 ml/min. The ultra-
violet absorbance of the effluent was monitored at
334 nm. Linearity was demonstrated over the range of
1--500 ng/ml. Assays of quality control samples (each
agsay run included 2 replicate QC samples each at 2.5,
40.0, and 400.0 ng/ml) were within +£20% of nominal
concentrations, with one exception: a single 2.5 ng/ml
replicate assayed at 1.6 ng/ml in 1 assay run. The lower
limit of guantitation (LLOQ) was 1.0 ng/ml. The inter-
day and mtraday coefficients of variation for plasma are
2.0~5.9% and 2.0~4.0%, respectively.

Extraction and chromatography of urine samples was
carried out with slight modifications of the plasma
method. The urine volume assayed was 0.1 ml, which
was mixed with 0.1 ml of 10% acetronitrile, 0.1 m] of
2 pg/ml internal standard in 10% acetonitrile, and

0.2 ml of mM phosphate buffer, pH 7.0. Extraction was
carried out using pre-washed BondEhit CN columns.
The mobile phase consisted of acetonitrile/water/TFA
(75/25/0.1) flowing at 0.8 ml/min. The absorbance of the
effluent was monitored at 430 nm. LLOQ was 50 ng/ml.
Performance of the urine assay was comparable to that
of the plasma assay. The interday and intraday coeffi-
cients of variation for urine are 1.1~8.5 and 3.3~6.6%,
respectively.

Adequate freeze/thaw, frozen storage, and autosam-
pler stability were demonstrated for both plasma and
urine samples. Stability for plasma and urine was dem-
onstrated after three cycles of freezing and thawing; at
—70°C for 3.5 months; and for 24 h while in the auto-
sampler during the assays.

Statistical analysis

Noncompartmental pharmacokinetic parameters were
computed using WinNonlin, version 3.1 software
(Pharsight Corporation, Mountain View, CA, USA)
{15]. An apparent terminal half-life (1 /2) was calculated
from plasma concentrations observed at 8, 10, and 24 h
after the end of the infusion. Dose proportionality was
analyzed by means of a power model: AUC,... = 4 x
dose” and Cpyx = C x dose®, where 4 and C are pro-
portionality constants, dose units are milligram/patient,
and the 95% confidence limits around B and D include 1
if AUC and C,,,, are directly proportional to dose.
Nonlinear regression of AUCy.., and C,,, versus dose
and 95% confidence limits on computed parameters B
and D were computed using GrapliPad Prism, version 4
(GraphPad Software, San Diego, CA, USA). Descrip-
tive statistics (Table 6) were also computed using
GraphPad Prism.

Results
Patient characteristics

Twenty-four Japanese patients were enrolled into the
study (Table 1) and received at least one dose of edo-
tecarin. The median age of the patients was 56 years
(range 33-72), 22 (92%) had an ECOG performance
status of 1 at baseline, and 16 (67%) patients were male.
The most common tumor types were lung and colorectal
cancer. All patients except one had previously received
chemotherapy with a median number of chemotherapy
regimens of 2 (range 0—4). Patients treated at various
dose levels had similar baseline characteristics.

All 24 patients were assessed for both safety and
efficacy.

A total of 6] cycles of treatment were administered in
these patients. The majority of cycles were administered
every 3 weeks, with 10 cycles administered at day 28.
Three cycles were administered beyond this to accom-
modate patients’ personal reasons and schedules. The



Table 1 Patieant characteristics

Number enrolled 24
Age (years)
Median 56
Range 33-72
Maje:female (no. of patients) 16:8
ECOG performance status {no. of patients)
0
1
Tumor type (no. of patients)
Lung
Colorectal
Uterine sarcoma
Gastric
Bile duct
Primary unknown
Other
Prior treatment
Chemotherapy
No. of prior regimens (no. of patients)
0
1
2
3
4
Median (no. of regimens)
Surgery (no. of patients)
Radiation therapy (no. of patients)
Chemotherapy + radiation therapy (no. of patients)

b b
b2
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median number of cycles at the 13 mg/m® dose was 2
{range 1-6). The most common reasons for treatment
discontinuation were progressive disease or best re-
sponse achieved (i.e.,, further treatment effect not
expected) (mme patients each) (Table 2).

Dose escalation and identification of DLT, MTD,
and the recommended Phase IT dose

At the initial dose of 8 mg/m?% no patient experienced
DLT. At the next dose of 11 mg/m? | of 6 patients
experienced DLTs (grade 3: infection, febrile neutrope-
nia, and hypoxia). Six patients were enrolled at 15 mg/
m? . Three patients experienced DLTs (grade 3: infec-
tion, febrile nentropenia, and constipation in 1 patient;
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grade 3: ileus and constipation in the second; and grade
4 granulocytopenia persisting for 5 days or more in the
third). Both patients who had grade 3 constipation had
previous intestinal surgery for rectal and colon cancer,
respectively. One patient with superior vena caval syn-
drome at baseline required radiotherapy at day 7 for
progression of this syndrome. The dose of 15 mg/m? was
defined as the MTD.

Consequently, 9 patients were treated at 13 mg/m?.
Two of the nine patients treated at this dose experienced
DLTs (grade 4 granuiocytopenia persisting for 5 days or
more in both patients). Therefore, based on protocol-
predefined criteria, 13 mg/m? is the dose recommended
for future single-agent Phase 11 studies with an admin-
istration every 21 days (with an additional week per-
mitted for recovery from toxicities, if needed).

Non-hematologic toxicity

The non-hematologic adverse events reported most
commonly (occurrence in 250% of all patients treated)
during the first cycle were anorexia, nausea, malaise, and
constipation (Table 3). No grade 4 non-hematologic
toxicities were reported in any treatment group. During
subsequent cycles, adverse events were similar in terms
of frequency and severity to those reported during the
first cycle of treatment and no cumulative toxicity was
observed.

Gastrointestinal toxicity, usually mild, was the most
common non-hematologic toxicity associated with edo-
tecarin administered with an antiemetic regimen. The
median time to onset of constipation during the first
cycle was 3 days (range: 2-4 days). None of the patients
who received antiemetic prophylaxis and who were
treated at the Phase 11 recommended dose of 13 mg/m?
had grade 2 or higher nausea, vomiting, or anorexia.
Diarrhea (grade 1-2) was observed in only a few patients
(8 mg/m?, 1 patient; 11 mg/m?% 2; 13 mg/m?, 2; and
15 mg/m?, 1). Alopecia was not reported. Injection site
phlebitis (grade 2) was reported in 11 (48%) of the pa-
tients. The frequency of this event was not dose-depen-
dent, suggesting that it was related to the infusion

Table 2 Number of treatment

cycles, number of patients with
dosing interval extensions and

reasons for treatment

Edotecarin dose (mg/m?)

discontinuation

8 11 i3 15
Number of patients 3 6 9 G
Median number of treaiment cycles (range) 34 2(1-4) 2(1-%) i (1-5)
Dose delay
Number of patients (number of days in dosing interval) 0 1(45) 2(31-34y 0
Reasons for treatment discontinuation
Progressive disease 1 3 4 1
Further treatment effect not expected 2 2 3 2
DLT 0 1 i 2
Adverse events other than DLT 0 0 1 0
Prohibited concomitant therapy 0 0 0 ]
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Table 3 Most common non-hematologic toxicities occurred in 250% of all patients treated during cycle 1

Adverse event Grade Dose (ng/m?) All doses (N=24)
E(N=3) 11 (N=06) 13(N=9) 15 (N=16)
Anorexia 172 3(100%) 6 (100%) 7 (78%) 4 (67%) 20 (83%)
3/4 0 0 0 0 ]
Nausea 172 2 (67%) 2 (33%) 5 (56%) 6 (100%) 15 (63%)
3/4 0 1 (17%) 0 0 1 {4%)
Malaise 1/2 3 (100%) 4 (66%) 5(56%) 4 (67%) 16 (67%)
3/4 0 0 0 0 0
Constipation 1/2 1 (33%) 1 (37%) 6 (67%) 3 (50%) 11 (46%)
3/4 0 0 0 2 (33%) 2 (8%)

procedure rather than the drug. There were no deaths
within 28 days of edotecarin administration, and none
of the deaths that occurred after the study were con-
sidered treatment-related.

One adverse event deserves a more detailed descrip-
tion. A 44 year-old-male with esophageal cancer with
liver and lung metastases developed grade 2 interstitial
pneumonitis 2 weeks after administration of edotecarin
13 mg/m?. He had undergone radiation therapy for the
primary lesion approximately 4 months before edotec-
arin infusion. Most lesions of the interstitial pulmonary
lesions were in the field of radiation therapy, and radi-
ation pneumonitis was diagnosed. However, the rapid
onset of pneumaonitis after edotecarin mfusion suggested
a recall phenomenon induced by edotecarin and the
event was judged to be possibly related to the study
treatment.

Hematologic toxicity

Neutropenia/granulocytopenia, leukopenia, anemia,
and lymphocytopenia were the most common (occur-
rence in 250% of all patients treated at the 3 highest
dose levels) hematologic toxicities reported during the
first cycle (Table 4). Neutropenia was the principal he-
matologic toxicity in this study and granulocytopenia
was dose-hmltmg at 13 and 15 mg/m? (Table 5). At 11-
15 mg/m?, the median time to nadir granulocyte count
was 11-14 days, and the median time to recovery from
nadir was 5 to 7 days. In all patients, granulocyte counts

recovered to grade 1 within 2] days after edotecarin
infusion at 8 and 15 mg/m® but had not recovered by
day 22 in ] patient at 11 mg/m and in 4 patients at
13 mg/m?. However, by day 26 after edotecarin mfusion,
granulocyte counts were within normal limits in all pa-
tients. Given this frequent and severe nevtropenia, G-
CSF support was provided durmg cycle 1in 2 patients at
13 mg/m”® and 1 at 15 mg/m® after DLT confirmation.
Grade 4 granulocytopenia persisting for more than
5 days led to dose reduction in the second cycle in 2
patients, one each at 13 and 15 mg/m?.

Grade 4 neutropenia (not necessarily lasting > 5 days),
was reported m 15 (65%) patients during the first cycle of
therapy, and was cbserved at all dose levels but did not
increase in incidence with additional cycles.

Anemia, reported in 15 (65%) patients, did not ex-
ceed grade 1 or 2 in severity. Thrombocytopenia was not
reported in this study. The numbers of patients with
abnormal laboratory values did mot tend to increase
with increasing courses of treatment, suggesting that the
toxicity of edotecarin was not cumulative.

No significant changes were demonstrated by the
blood coagulation studies, which assessed prothrombin
time (PT) and activated partial thromboplastin time
(aPTT).

Pharmacokinetics

Plasma pharmacokinetic parameters are listed in
Table 6. Edotecarin plasma concentrations rose rapidly

Table 4 Most common hematologic toxicities occurred in 250% of patients at each of the three highest dose levels during cycle 1

Adverse event Grade Dose, mg,fm2 All doses (N =23}
8 (N=3) 11 (N=0@) 13 (N=9) 15 (N=5)

Neutropenia 1/2 1 {(33%) 0 0 0 1 (4%)
3/4 1 (33%) 6 {100%) 9 (100%) 6 (100%) 22 (92%)

Granulocytopenia 1/2 1 (33%) 0 0 1{(17%) 2 (8%)
3/4 1 (33%) 6 (100%) 9 (100%) 5(83%) 21 (883%)

Leukopenia 1/2 1 (33%) 4 (67%) 5 (56%) 2 (33%) 12 (50%)
3/4 0 2 (33%) 4 (44%) 4 (67%) 10 (42%)

Anemia 1/2 3 (100%}) 4 (67%) 5 (56%) 4 (67%) 16 (67%)
34 0 0 0 b 0

Lymphocytopenia B2 1(33%) 4 (67%) 4 (44%) 2 (33%) 11 (46%)
3/4 0 0 1{11%) 2 (33%) 3(13%)




Table 5 Granulocytopenia during cycle |
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Dose No. of Nadir Days to Days to recovery
{mg/m?) patienis (no./mm*)® nadir® {grade 0) from nadir
Grade Without G-CSF With G-CSF
1 2 3 4 No.of No.of No.of No. of
patients  days” patients  days®
8 3 0 0 1(33%) 0 2,193 (550-993) 18 (14-21) 1 7 ] -
11 ) 0 ¢ 2(33%) 4(67%) 440 (150-923) 14 (11-16) 6 7(3-12) 0 -
13 9 0 ¢ 4 (44%) 5(56%) 480 (46-912) 14 (9-21) 7 7(2-13) 2 5 (4-5)
15 6 0 1(17%) 2 (33%) 3 (50%) 529 (88-1,017) 11 (11-14) 4 5(2-7 1 5
G-CSF granulocyte colony-stimulating factor
*Expressed as median (range)
Table 6 Pharmacokinetic parameters in cycle  {(mean = SD}
Dose No.of  Cuexs AUCpa¢n, AUG... Percentage CL 2 () Vs (Jm?)  48-h urinary
fmg/m?) patients® {(ngjml) {ng h/ml} (ng h/ml} of area 3 recavery (%)
extrapolated mlfmin/m®  ml/min
8 2 57417% 132, 192 330, 198 42, 23 404, 673 735, 1043 45.5,29.6 972,715 144+£2.3
11 5 B6£10°  2311£38 204+ 54 25x8 624114  962+287 26.01+3.3 @70x277 3.6%2.7
13 9 10317 262+43 33044 196 657488 1154+ 138 229423 569256 2.9+£38
15 5 1134£17° 269+ 56 352+62 205 7114123 10574190 20.2:+1.6 561258 1.8:£3.4°

Cinax, maximum plasma concentration; AUC area under the plasma concentration-time curve; CL clearance; #y;, apparent terminal half-

life; ¥, steady-state volume of distribution
IN=3
=6

*As drug concentrations were below the detectable range at one or more time points beyond the 8 h after the administration, some

parameters are not available for all patients

at the start of the infusion and dropped sharply at dis-
continuation of the infusion (Fig. 2), reaching levels of
1-2 ng/ml at the last sampling point.

In order to compare PK data from this study, to PK
data from the similar US study, a noncompartmental
model for calculating PK parameters was used.

Peak plasma concentrations of edotecarin and AUC,.
161 Increased with increasing dose (Fig. 3). Power model
fitting to AUC... and C,,, vs dose data suggested that
Crax Wwas proportional to dose while AUC,.. was
somewhat less than dose-proportional (results not pre-
sented).

Clearance (CL) values were comparable at 11, 13 and
15 mg/m? as were volumes of distribution.

An apparent terminal half-life (7)) was calculated
from plasma concentrations observed at 8, 10, and 24 h
after the end of the infusion. In three patients, the
plasma concentration at 1 or more of these time points
was below the lower limit of quantification of 1 ng/ml;
consequently, values of ¢, AUCy..., and CL were not
calculated in these patients. The mean apparent f;;; was
approximately 20 h. Since the PK sampling duration
was only 26 h post start of infusion (i.e., for only about
1 half-life), the computed AUC;..., CL, and 1) values
should be considered preliminary until data are available

from trials measuring plasma levels throngh at least 34
times the apparent terminal ;.
Mean 48-h urinary excretion accounted for 1.4-3.6%
of the administered dose of edotecarin in the 4 cohorts.
Coefticient of interpatient variation in edotecarin
Crnax and AUC values was 15-20%.

Antitumor activity

All 24 patients were assessable for efficacy, and 21 pa-
tients had evaluable lesions. No objective and confirmed
responses were observed. However, stable disease {(SD)
was reported in 12 patients (57%), with a maximum
duration of 5 cycles. Eight (38%) patients had tumor
volume reductions ranging from 10.5 to 65.4% based on
the sum of the products of the dimensions of measurable
lesions. Two patients had a decrease in tumor volume of
at least 50%. One patient, enrolled at 13 mg/m®, had
esophageal cancer with liver metastases. After cycle 1, at
day 18, tumor volume was reduced by 65%. Unfortu-
nately, treatment was discontinued because of pmeu-
monitis and the disease had progressed 28 days later.
The second patient, who received 11 mg/m2, had gastric
cancer with measurable metasiatic lesions in the Jung
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Fig. 2 Edotecarin cycle-1 plasma concentration-lime profiles
(mean = SE) in patients with advanced solid tumors. Data at 11
and 13 mg/m? have been offset by + 0.6 and —0.6 h, respectively, in
the x-direction to prevent overlapping data points and error bars
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and mediastinal lymph nodes. These lesions decreased
gradually in size, with the reduction from baseline
reaching 53% by cycle 3. For administrative reasons,
cycle 4 was delayed (45 days). The response was no
longer present and the treatment was discontinued.
Three of four patients with colorectal cancer, all with
lung lesions and having received prior 5-fluorouracil
treatment, showed evidence of tumor stabilization.

Discussion

The first objective of this Phase 1 clinical study was to
determine the MTD of single-agent edotecarin admin-
istered by IV infusion over 2 h once every 21 days with
pre- and post-treatment supportive medication (steroids
and 5-HT; antagonists). The MTD was 15 mg/m?® with
this schedule of administration. At this dose, hemato-
logic (neutropenia, febrile neutropenia) and non-hema-
tologic  (constipation, ileus, infection without
neutropenia) grade 3 and 4 toxicities were observed in 3
of the 6 patients of the MTD cohort.

In order to make a recommendation regarding the
dose of edotecarin to be studied in future single-agent
Phase 1T studies, 9 patients were treated at 13 mg/m?
with supportive medication. Grade 4 granulocytopenia,
lasting for 5 days or more, was observed in only 2 pa-
tients. Therefore this dose is recommended, with sup-
portive medication, for future Phase II studies. A similar
Phase I edotecarin trial conducted in the USA recom-
mended the same dose [12].

At the recommended dose of 13 mg/m?, edotecarin,
infused IV for 2 h with supportive medication, had
manageable toxicities. Neutropenia was dose-dependent
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Fig. 3 Peak plasma concentrations (left panel) and AUCy... values (right panel) as a [unction of dose in milligram in patients with

advanced solid tumors



but was not cycle-dependent. At the recommended dose,
the median time to neutrophil nadir was 14 days with a
median recovery time of 7 days. This suggests that
administration of edotecarin every 3 weeks is possible,
but bone marrow recovery has to be verified before the
administration of the next cycle. Other hematologic
toxicities were observed (anemia, lymphocytopenia), but
thrombocytopenia was not reported.

Gastrointestinal toxicity, the most common non-
hematologic toxicity observed, was usually mild. At the
recommended dose and with antiemetic premedication,
nausea, vomiting or anorexia never exceeded grade 1.
The incidence of constipation was dose dependent and
dose-limiting at 15 mg/m? in 2 patients that had pre-
viously undergone intestinal surgery for cancer. How-
ever, at the recommended dose, constipation was never
more severe than grade 2. In two previous Phase ]
trials of edotecarin [12, 13], constipation was not dose-
limiting. The reason for these discrepant observations is
unclear, but constipation is not infrequent in celorectal
cancer patients receiving chemotherapy. For instance,
the incidence of constipation in colorectal patients
ireated with irinotecan single agent in second line
therapy is estimated between § and 10% [16]). Because
of the relatively high frequency and the dose depen-
dency observed in this study, frequency of bowel
movements should be monitored in patients enrolled in
future studies with edotecarin. Alopecia and severe
diarrhea frequently observed in association with other
chemotherapy drugs (e.g., camptothecins) were not
seen in this trial.

At the recommended dose, 1 patient, who had re-
ceived thoracic radictherapy for lung metastasis of an
esophageal carcinoma, had a grade 2 interstitial pneu-
monitis shortly after edotecarin infusion, suggesting a
recall phenomenon. Interstitial pneumonitis has also
been observed after irinotecan [17, 18]. Pulmonary tox-
icity should be closely monitored in patients previously
treated with thoracic radiation therapy in future Phase
11 trials of edotecarin.

Conclusions, based on the pharmacokinetic data, are
tentative because of the narrow dose range and small
number of patients studied in this trial, as well as the
relatively short duration of PK sampling, While plasma
concentrations appeared to reach a plateau during the 2-
h infusion, attainment of a steady state concentration
{Css) would not be expected for a drug with the multi-
compartmenta)] disposition behavior exhibited in Fig. 2.
In theory, an mfusion duration of 3—4 times the appar-
ent terminal ), of 20 h would be required to achieve
Cs- This is supported by the fact that an attempt to
compute CL by the equation CL = ko/Ci.ax, Where kg 15
infusion rate and C,.. 15 used as an estimate of C.,
yielded CL values much higher than those calculated by
means of CL = dose/AUC,... (results not presented).

Within the limited dose range of 11-15 mg/m?, Cpax
and AUC appeared to increase roughly linearly with
dose, and CL was not relatively changed. These results

181

suggest that edotecarin exhibits linear pharmacokinetics
within 11-15 mg/m?.

Urinary recovery did not appear to vary with the
dose, which indicates that renal elimination contributes
minimally to total body CL.

The pharmacokinetic profile of edotecarin appears to
be simple with relatively little interpatient variability
compared to that of irinotecan (a prodrug topo-l
inhibitor with a very complex disposition) and to many
other cytotoxic drugs.

Efficacy was a secondary endpoint of this trial con-
ducted in a population of heavily pretreated cancer pa-
tients. No partial or complete confirmed responses were
observed. However 8 patients had minor reductions in
tumor size, including 2 patients with > 50% regression
of tumor size, however these reductions were not con-
firmed. Twelve patients qualified as having SD. Further
clinical work is necessary to quantify precisely the level
of edotecarin antitumor activity.

In conclusion, this study showed that the MTD of
edotecarin, administered as a 2 h infusion with sup-
portive medication of steroids and antiemetics, is 15 mg/
m” and the dose to be studied in future Phase 1T trials as
a single agent with an administration every 21 days is
13 mg/m>. At 13 mg/m®, toxicities, mainly neutropenia,
are manageable and are characterized by the lack of
severe diarrhea. The pharmacokinetic profile is atirac-
tive. Edotecarin i1s a promising new anticancer agent,
especially in colorectal cancer, and deserves further
clinical evaluation.
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In-frame deletion in the EGF receptor alters kinase inhibition by gefitinib
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The existence of an in-frame deletion mutant correlates with the
sensitivity of lung cancers to EGFR (epidermal growth factor
receptor)-targeted tyrosine kinase inhibitors. We reported pre-
viously that the in-frame 15-bp deletional mutation (delE746-
AT50 type deletion) was constitutively active in celis. Kinetic
parameters are important for characterizing an enzyme; however,
it remains unclear whether the kinetic parameters of deletion
mutant EGFR are similar to those of wild-type EGFR. We ana-
lysed autophosphorylation in response to ATP and inhibition of
gefitinib for deletion mutant EGFR and wild-type BGFR. Kinetic
studies, examining autophosphorylation, were carmried out using
EGFR fractions extracted from 293-pA 15 and 293-pEGFR cells
transfected with deletion mutant EGFR and wild-type EGFR

respectively. We demonstrated the difference in activities between
unstimulated wild-type (X, for ATP=4.01- 0.3 uM) and mutant
EGFR (K, for ATP=2.5+ 0.2 uM). There was no difference in
K, values between EGF-stimulated wild-type EGFR (K., for
ATP=1.940.1 uM) and deletion mutant EGFR (X, for ATP =
2.21+0.2 pM). These results supgest that mutant EGFR is active
without ligand stimulation. The K; value for gefitinib of the del-
etion mutant EGFR was much lower than that of wild-type EGFR.
These results suggest that the deletion mutant EGFR has a higher
affinity for gefitinib than wild-type EGFR.

Key words: autophosphorylation, epidermal growth factor re-
ceptor (EGFR), gefitinib, kinase inhibition, tyrosine kinase.

INTRODUCTION

EGFR [EGF (epidermal growth factor) receptor] is among the
most important targets for lung cancer therapy, and many EGFR-
targeted inhibitors have been developed [11. These EGFR-tar-
geted compounds inhibit the tyrosine kinase activity of EGFR
by competing at the ATP-binding site [2}. Many EGFR-targeted
tyrosine kinase inhibitors such as gefitinib and erlotinib have been
assessed elinically [3,4]. Recently, an EGFR mutation was found
in patients who responded o gefitinib, and mutant EGFR has
been reported to be a determinani of the response to EGFR
tyrosine kinase inhibitors [5,6]. To date, over 30 EGFR mutations
including delE746-A750, L858R and dell.747-P753insS, have
been reported in lung cancer. These EGFR matations, except for
T790M, are considered to be of the ‘gain-of-function’ type. Dif-
ferences exist among them; for example, constitutively active in
delE746—-A750 compared with hyperresponsive to ligand stimul-
ation in L858R and delL747-P753insS, although these mutant
‘BGFRs increase sensitivity to EGFR-targeted tyrosine kinase
“inhibitors [7-9]. In general, the observation of hyperresponsive-
ness to ligand stimulation, as in the case of LB58R, raises the pos-
sibility of high affinity for ATP. We teported previously that
deletion mutant EGFR was constitutively phosphorylated under
unstimulated conditions, whereas wild-type EGFR was not phos-
phorylated until ligand stimulation [7]. The differences in cellular
phenotype and sensitivity to gefitinib between deletion mutant
EGFR and wild-type EGER raise the possibility that the enzymatic
properties of the deletion mutant EGFR may differ from those of
wild-type EGFR. However, it remains unclear whether the kinetic
parameters of deletion mutant EGFR are different from those

of wild-type EGFR. In the present study, we focused on the
autophosphorylation of deletion mutant EGFR, and investigated
the inhibition constant of gefitinib. Technically, we used deletion
mutant EGFR and wild-type EGFR extracted from ectopically
expressed HEK-293 (human embryonic kidney) cells. The auto-
phosphorylation assay reflects the native behaviour of EGFR in
maintaining cellular functions.

MATERIALS AND METHODS
Reagenis
Gefitinib (Iressa®, ZD1839) was provided by AstraZeneca.

Cell codture

The HEK-293 cell line was obtained from the A.T.C.C.
(Manassas, VA, U.S.A.) and was cultured in RPMI 1640 medium
(Sigma) supplemented with 10 % heat-inactivated foetal bovine
serum (Life Technologies).

Plasmid ¢onstruclion and transfestion

Construction of the expression plasmid vector of wild-type EGFR
and the 15-bp deletion mutant EGFR (delE746-A750 type del-
etion), which has the same deletion site as that observed in detail in
PC-9 cells, has been described elsewhere [7,10,11]. The plasmids
were transfected into HEK-293 cells and the transfectants were
selected using Zeosin (Sigma). The stable transfectants (pooled
cultures) of the wild-type EGFR and its deletion mutant were
designated 293-pEGFR and 293-pA15 cells respectively.

Abbreviations used: EGF, epidermal growth factor; EGFR, EGF receptor; HEK-293, human embrycnic kidney; 293-pEGFR, HEK-283 cells transfected
with wild-type EGFR; 203-pA 15, HEK-293 cells transfected with deletion mutant EGFR; TBS-T, Tris-buffered saline with Tween 20; TGF-g, transforming

growth factore.

' To whom correspondence should be addressed (emaif knishio@gan2.res.nce.go.jp).

@ 2006 Biochemical Saciety



538 K. Sakai and others

immunoblotting

The 293-pA15 and 293-pEGFR cells were treated with or without
gefitinib for 3 h, stimulaled with EGF (100 ng/ml) under serum-
starvation conditions and then lysed for immunoblot analysis.
Immunoblot analysis was performed as described previously [12].
Equivalent amounts of protein were separated by SDS/PAGE (2~
15 % gradient} and transferred to a PVDF membrane (Millipore).
The membrane was probed with a mouse monoclonal antibody
against EGFR (Transduction Laboratories), a phospho-EGFR
antibody (specific {or Tyr'®*) (Cell Signaling Technology) as the
first antibody, followed by a horseradish-peroxidase-conjugated
secondary antibody. The bands were visualized with ECL®
(emhanced chemiluminescence) (Amersham Biosciences).

Determination of ligand secretion by ELISA

The 293-pA15 and 293-pEGFR cells were cultured in 12-well
plates under serum-starvation conditions. The cell culture super-
natant was collected for each cell line and stored at — 80°C
for further analysis. Amounts of EGF and TGF-« (transforming
growth factor e) in the culture medium from each cell line were
determined with a DuoSet ELISA development kit (R&D Sys-
tems). The assay was performed in triplicate according to the
manufacturer’s instructions.

Preparation of cell lysates for EGFR autophosphorylation

Cutiivated cells, after reaching 70-80 % confluence, were starved
in serum-free medium for 24 h, with or without EGF (100 ng/ml)
stimulation. The cells were washed twice with ice-cold PBS
containing 0.33 mM MgCl, and 0.9 mM CaCl, [PBS(+)], then
lysed with lysis buffer [50 mM Tris/HCI, pH 7.4, 50 mM NaCl,
0.25% Triton X-100, 5mM EDTA, protease inhibjior (Roche
Diagnostics) and phosphatase inhibitor (Sigma)]. For the prep-

aration of gefitinib-reated cell lysates, cultivated cells were
starved in serum-free medium for 24 h, and were then pre-incub-
ated with 2 uM gefitinib for 3 h. Either with or without EGF
stimulation (100 ng/mi), the cells were washed twice with ice-
cold PBS(+) and lysed with lysis buffer. The cell lysate was
centrifuged at 20000 g for 10 min, and the protein concentration
of the supernatant was measured with a BCA (bicinchoninic acid)
protein assay (Pierce).

Autophosphorylation assay

The amount of EGFR in 293-pA15 and 293-pEGFR cells was
determined by quantitative immunoassay (R&D Systems) accord-
ing 1o the manufacturer’s instructions. The autophosphorylation
assay was carried out with a quantitative immunoassay system,
Wells in a 96-well immunomodule (Nalge Nunc International)
were incubated with 0.8 pg/ml goat anti-thuman EGFR) antibody
in PBS (provided with the EGFR quantitative immunoassay Sys-
tern) and incubated at 4°C overnight. The plates were washed
three times with TBS-T (Tris-buffered saline with Tween 20;
20mM Tris/HCl, pH74, 150mM NaCl and 0.05%
Tween 20) and were then filled with blocking buffer (PBS con-
taining 1 % BSA and 5 % sucrose} and incubated for 2 h at room
temperature (25°C). The wells were washed three times with
TBS-T and incubated with cell lysates of 293-pEGFR or 293-
pA15 including equal amounts of EGFR (130 ng of EGFR jwell)
diluted with lysis buffer. After a 2 h incubation at room temper-
ature, the 96-well plate was washed with TBS-T. Autophos-
phorylation of EGFR was initiated by addition of ATP (032 M
in 50mM Tris/HCl, pH 7.5, 20mM MgCl, and phosphatase
inhibitor) followed by incubation for 5 min. In some experiments,
various concentrations of gefitinib were added to the wells
before the addition of ATP. Following the autophosphoryl-
ation reaction, the wells were washed with TBS-T. Next,

A B 203p815 293-pEGFR
15 EGF {min) EGF {min)

£ M - 151020 M - 151020

~r

& 0 EEGFR 220 ™ vt o | EGFR

=

w a

= At

S 05% - C 293-pA15 293-pEGFR

_S R gefitinib (pM} gefitinib {(uM)

2 — s

o . I & &

O oo 0 090‘39 ¥ v 0 ¥ v v
0 2 a4 6 & 1 it ' '

ATP (uM)
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@ EGF-stimulated deletion mutant
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Figure T Autophospherylation reactions of deletion mutant EGFR and wild-lype EGFR

(A) The 293-pA15 and 293-pEGFR cells were trealed with or without EGF (100 nig/mi) for 10 min after serum-starvation. EGFR was exiracted from e celis and immabilized on wel{s wilh anh‘-EGfH
anlibogy. Autophosphorylation reactions were initiated by the addition of ATP, and aulophiospherylalion was detecled using horsesadish-peroxidase-conjugated phosphotyrosing antibody, measuring

the absorbance (‘optical density') at 450 nm. Autophospharylation was seen for unstimutated (
wild-type EGFR, Resulls are representalive of at ieast three indepencent experimenls. (B) The 2
aller serum-starvation. Phosphorylation of EGFR and totel EGFR was determineg by immungblotiing. (C) The 293-pA 15 and 293

O3} and EGF-slimulated (@) deietion mutanl EGFR, and unstimulated (/) and EGF-stimulated (A )
93-pa15 and 283-pEGFR ceils were treaied with o wilhou! ESF (100 ng/ml) far the indicated times

-pEGFR cells were exposed to gefdinib (0.002-2 M} ior 3 hunder

serurn-starvation condilions, and stimulaled with EGF {100 ng/ml) for 10 min. The cells were then lysed and subjected o immuncblo! analysis.
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Autephosphorylation Deteclion

Figure 2 Schematic illusiration of the cell-based aulophosphorylation
assay

The 293-pA15 and (ke 293-pEGFR celis overexpressing deletion mulant EGFR and wild-type
EGFR respeclively were tieated with 2 ..M gefitinib for 3 k and slimulzied with or without EGF
(100 ng/ml) under serum-starvation conditions. EGFR was extracted from cells and immobilized
onwells with anti-EGFR antibody. The awlephosphorylation reaction was initiated by the addition
of ATP wilh or without gefilinib, and horseradish-peroxidase-conjugaled anti-phosphotyrosine
aniibady was used 1o detecl the phosphorylalion of EGFR. TKI, lyrosine kinase inhibitor.

horseradish-peroxidase-conjugaied anti-phosphotyrosine anti-
body, PY-99-HRP (0.4 pg/ml in PBS containing 1% BSA
and 0.1 % Tween 20) (Santa Cruz Biotechnology) was added
to the wells for 2h at room temperature. The wells were
washed three times with TBS-T. Bound phosphotyrosine anti-
body was detected colorimetrically after adding 100 ] of
substrate (tetramethylbenzidine and H,0,) to each well. After
a 10 min incubation, the colour reaction was quenched by the
addition of 100 ul of 1M H,S0,. The absorbance readings for
each well were determined at 450 nm with Delta-sofi on an Apple
Macintosh computer interfaced to a Bio-Tek Microplate Reader
EL-340 (BioMetallics).

Data analysis

For kinetic analysis, an Eadie-Hofstee plot was applied for the
calculation of K, (Michaelis constant} and V,, {maximum velo-
city). The data obtained were plotted as velocity against velocity/
substrate concentration (V/ATP). The slope of the line is equal to

A - Deletion mutant EGFR
.
200 £
> &
T W o

ATF {uM)y

1.0

0.0 : : T r T
00 02 04 06 D8 1.0 12

V/IATP

O No stimulation
& EGF-stimulation

— K, and the x-intercept is V... The K, value was calculated as
follows:

Ki =(Kmx[1})/(Km.l_Km) (1)
in which K,, is the Michaelis constant for ATP, K., is the
Michaelis constant for ATP in the presence of gefitinib and [I]
is the concentration of gefitinib. The statistical analysis was per-
formed using KaleidaGraph (Synergy Software).

RESULTS
Autaphosphorylalion of deletion muiant EGFR and wild-lype EGFR

We performed the autophosphorylation assay and immunoblot
analysis vsing lysates extracted from 293-pAlS5S and 293-
pEGFR cells under unstimulated and EGF-stimulated conditions
(Figures 1A and iB). Under unstimulated conditions, deletion
mutant EGFR was highly phosphorylated in the absence of ATP.
Addition of ATP did not affect the autophosphorylation of deletion
mutant EGFR. On the other hand, autophosphorylation of wild-
type EGFR was barely detectable without ATP, and proceeded
in an ATP-dependent manner. In the EGF-stimulated case, wild-
type EGFR was phosphorylated to a greater extent in the ab-
sence of ATP than unstimulated wild-type EGFR. The autophos-
phorylation of EGF-stimulated wild-type EGFR additively
increased with the addition of ATP. These findings indicate that
the deletion mutant retains the constitutive activity in our auto-
phosphorylation assay. In the immunoblot analysis, phosphoryl-
ation of deletion mutant EGFR was detected in 293-pA15 cells
without ligand stimulation. Addition of EGF increased phos-
phorylation of EGFR in the 293-pEGFR cells. Taken together,
these results indicate that the deletion mutant has constitutive
autophosphorylation activity.

In addition, we examined the secretion of major ligands for
EGFR such as EGF and TGF-« from transfected HEK-203 cells
by ELISA. No detectable EGF and TGF-a secretion was ob-
served in the cultivaiion medium used for HEK-293 transfectants
(results not shown), indicating that these transfectants are not
activated via EGF-mediated autocrine loops. We considered
that autophosphorylation using wnstimulated EGFR represents a

B Wild-type EGFR
3.0
20 T
¢ :
§L§ A
2'0 Em -:°
> -
1.0
0.0 . . . T ¢
00 D2 04 06 D8 1.0 1.2
VIATP

O No stimulation
& EGF-stimulation

Figure 3  Antophosphorylation aclivities of deletion mutant EGFR and wild-type EGFR

Plols of absorbance ('optical density’) against ATP concentration {insef) were filted to an Eadie~Holstee plot lo caloulate the vatues of kinetic parameters (K and Vg, for deletion mutant EGFR (A)
and wild-lype EGFR (B) under unstimulaied {O) and EGF-stimulated condilions {®). Results are representalive of at ieast fhree independent experiments wilk similar resulls.
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Table 1 Kinetic parameters for ATP

The autaphosphorylation reaction was pertosmed using the indicated enzyme and gefitinib (D.5-5 M), The staady-statz kinelic paramelers for ATP were delermingd irom the Eacie—Holslee plot in

Figure 5. Resulls are means = S.D. for three independent duplicale experiments.

K () Vigax (1M - min=*)
Deletior mulant Wild-type Deletion mutanl Wild-type
Gefitinit {nhd) EGF stimulation... - + - + - + - +
0 25402 22402 40403 1.8+ 19401 29101 20400 19+00
05 BE+05 57404 4104 234041 19401 10402 20401 18401
1 98+28 10.9+3.0 46312 25401 20103 19400 28+402 18--01
5 261+54 3024+42 7.0+23 49409 1801 1.8+02 20401 18402
A 1, _Deletion mutant EGFR C Deletion mutant EGFR
10
No stimulation EGF-stimulation /
sl o
6| 6
2 >
= 4 / = 4l
/
| %ﬁ | /
0 d ; 0 7 .
-0.5 0.0 0.5 1.0 0.5 0.0 0.5 1.0
TATP 1ATP
B 0 Wild-type EGFR D Wild-type EGFR
. No stimulation EGF-stimulation
L 8l
6 6l
2 <
4 4t QO 0nm
) & 0.5nM
7 / 2p A1 nM
0 . . o : ‘ A 5nM
-0.5 0.0 0.5 1.0 -0.5 0.0 0.5 1.0
1/ATP 1ATP

Figure 4 Mechanism of inhibilion of delefion mutani EGFR by gefitinib

Autophosphorylation of unstimulalec deletion mutant (A), unstimulaled wild-type (B), EGF-stimulated delelian mulant (C) and EGF-stimulated wild-type (D) EGFR was measurad with or withoul
gefitinit al concenlzations of 0 {O), 0.5 (@),  (A)and 5 (A ) nM. Reciprazal velocily against reciprocal ATP concenirations {0.5-32 ..M} were plotled. Data are representative of at least three

independent experiments.

low level of EGF-independent basal phosphorylation, whereas
autophosphorylation using EGF-stimulated EGFR represenis
EGF-induced phospherylation.

Kinetic paramelers of autophosphorylation

The deletion mutant EGFR is constitutively phosphorylated under
unstimulated conditions. Measuring the autophosphorylation
activity of deletion mutant EGFR requires unphosphorylated
tyrosine residues of EGFR. An autophosphorylation assay was
reconstructed to determine the kinetic parameters of deletion
mutart EGFR. The method is summarized in Figure 2. The con-
centrations of gefitinib used (2 uM) completely inhibited phos-
phorylation of both the deletion mutant and wild-type EGFR, as
demonstrated by immunoblot analysis (Figure 1C). We performed
autophosphorylation assays with various amounts of EGFR (re-

© 2006 Biochemical Soclety

sults not shown). In our autophosphorylation assay, a constant
amouni of EGFR (130 ng/well) was adopted to measure its auto-
phosphorylation, because this amount of EGFR was found to
be appropriate for detecting changes in the absorbance of both
wild-type and deletion mutant EGFR. The autophosphorylation
of deletion mutant EGFR and wild-type EGFR was analysed by
comparison with unstimulated and EGF-stimulated EGFR (Fig-
ure 3). The higher phosphorylation of deletion mutant EGFR
shown in Figure 1{A) was lowered by using gefitinib-treated
lysates, while the autophosphorylation reaction was initiated by
addition of ATP. The ATP-dependent autophosphorylation re-
actions of deletion mutant EGFR and wild-type EGFR in crude
cellular extracts were monitored (Figure 3, insets). The data
were transformed into an Eadie-Hofstee plot, and the kinetic
parameters were determined as apparent K, and V,,, values
for ATP (Figure 3 and Table 1). Under unstimulated conditions,
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Figure 5

Inhibition constant of gefitinib for autophosphorylation activity of deletion muiant EGFR

The same calaset 2s shown In Figure 4 was fitled {o an Eadie~Hofstee plol, and kinelic parameters from this it are summarized in Table 1. Shown are the zesults ot the unstimuiated (A} and
EGF-stimulated {C) deleliocn mulant EGFR and unstimulzied (B) and EGF-stimulated (D) wild-lype EGFR in response Lo ATP will or without gefitinib at concenlralions of D (O), 0.5 (@), 1 (A)

and 5 () nM. Resulls are representative of at least ihree independen! experiments.

differences in activities were seen between unstimulated wild-type
(K., for ATP=4.04- 0.3 xM) and deletion mutant EGFR (X, for
ATP=2.5%+ 0.2 uM). Under EGF-stimulated conditions, there
was no difference in K, values between EGF-stimulated wild-type
EGFR (K., for ATP=1.9140.1 M) and deletion mutant EGFR
(K for ATP=22+02 uM). The V.. values of wild-type
EGFR and deletion mutant EGFR were equal under both
conditions. These results suggest that the wild-type EGFR is
conformationally activated by EGF stimulation, and that the
mutant EGFR is active without ligand stimulation.

Geditinib inhibits auiophosphorylation of deletion mutant EGFR

‘We examined the inhibitory effect of gefitinib (0.5, 1 and 5 nM)
on the autophosphorylation of deletion mutant EGFR in com-
parison with wild-type EGFR under unstimulated and EGF-
stimulated conditions. The data were transformed into a
Lineweaver—-Burk plot for estimation of the mode of inhibition
(Figure 4). Lineweaver—Burk plot analysis showed that gefitinib
competitively inhibited the autophosphorylation of deletion
mutant EGFR as well as that of wild-type EGFR. The data were
transformed into an Eadie~Hofstee plot for determination of kin-
etic parameters (Figure 5). Eadie-Hofstee plot analysis revealed
the appareni K, and V ,, values for ATP in the presence of various
gefitinib concentrations, and the kinetic parameters are summar-
ized in Table 1. The K for deletion mutant EGFR and wild-type
EGFR was calculated using eqn 1 (see the Materials and methods
section). The K; value of gefitinib for deletion mutant EGFR (K
for gefitinib = 0.5 % 0.1 nM) was 26-fold lower than that for wild-

type EGFR (X; for gefitinib = 13.3 + 5.1 nM) under unstimulated
conditions (Figure 5). Under EGF-stimulated conditions, the K
value of gefitinib for deletion mutant EGFR (0.3 + 0.1 nM) was
10-fold lower than that for wild-type EGFR (3.04 0.6 nM)
(Figure 5). Based on these comparative stadies, we concluded
that gefitinib binds deletion mutant EGFR more strongly than
wild-type EGFR. In addition, we calculated the inhibitory effect
of gefitinib for boih types of EGFR in the presence of 2 M ATP
(Figure 6). Relatively strong inhibitory activity was detected for
deletion mutant EGFR as compared with wild-type EGFR. These
results suggest that gefitinib had a high affinity (low X, value) for
deletion mutant EGFR compared with wild-type EGFR.

DISCUSSIGN

Wild-type EGFR is unphosphorylated, being in an inactive form,
under unstimulated conditions. The binding of ligands to the extra-
cellular domain of EGFR induces dimerization and phosphoryl-
ation of the receptor into the active form [13]. The kinetic para-
meters of wild-type EGFR in our awtophosphorylation assay
are consistent with those of previous reports [14,15]. Crystalio-
graphic analysis has shown that the structure of the EGFR
kinase domain after forming a complex with erlotinib exhibits
a conformation consistent with the active form of protein kinases
[16,17). Previously, we reported that the deletion mutant EGFR
was dimerized and phosphorylated constitutively without ligand
stimulation, suggesting an active conformation {9]. We analysed
the enzymatic properties of the deletion mutant EGFR, and
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Figure § Eflects of gefitinib on autophosphorytation of deletion mutant
EGFR

The percentage of absorbance compared wilh the gontrol under conditions of 2 1M ATP was
calculated using the same datasel as shown in Figure 4 at a concentration of 2 M ATP. The
resulls shown are for unstimulated (&) and EGF-stimulated (C) deletion mutant EGFR and
unstimulaled (B) and EGF-stimulated (D} wild-type EGFR in Tesponse to ATP with or without
gefilinib. Results are representative of al least three fndependent experiments.

determined the K; value of gefitinib for deletion mutant EGFR.
The inhibition constant of gefitinib for wild-type EGFR was
sirnilar 10 the value reported by Wakeling et al. [18]. We showed
that the K; value of gefitinib for deletion mutant EGFR was much
lower than that for wild-type EGFR. The evidence of the decreased
K; value of gefitinib for deletion mutant EGFR means that gefitinib
binds deletion mutant EGFR more strongly than wild-type EGFR.
The high-affinity interaction between deletion mutant EGFR and
gefitinib may be attributable to structural differences between
deletion mutant EGFR and wild-type EGFR.

Our conclusion does not contradict the previous report by
Stamos et al. [16} on a similar EGFR-targeted tyrosine kinase
infribitor, erlotinib, which binds to the active form of EGFR [14].
This result differs from that reported elsewhere: Fabian et al. [19]
reported that there were no differences in the binding affinity
of EGFR-targeted tyrosine kinase inhibitors between wild-type
EGER and mutant EGFR, including the deletion mutation. They
construcied and expressed the kinase domain of EGFR on a
bacteriophage surface, followed by interaction with immobilized
inhibitors using biotin-avidin systems. Conversely, in our experi-
ments, We performed autophosphorylation assays with EGFR ex-
tracted from 293-pA 15 and the 293-pEGER cells overexpressing
deletion mutant and wild-type EGFR respectively. We consider
our cell-based antophosphorylation assay results to reflect the
native state of deletion mutant EGFR and to possibly explain
the hypersensitivity of mutant-expressing cells to gefitinib.

We demonstrated that the deletion mutant actually binds
gefitinib more strongly than wild-type EGFR. This is likely to be
the mechanism of action of other tyrosine kinase inhibitors such as
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erlotinib, ZD6474 [dual inhibitor targeted to VEGFR2 {vascular
endothelial growth factor receptor 2)/KDR (kinase insert domain-
containing receptor) and EGFR] and other possible multi-targeted
tyrosine kinase inhibitors. Indeed, EGFR-specific tyrosine kinase
inhibitors AG1478 and erlotinib, as well as ZD6474, as described
in our previons report [7] showed different growth-inhibitory
activities against HEK-293 transfected with deletion mutant
EGFR (results not shown). Thus it is likely that these (ATP
competitive) tyrosine kinase inhibitors have different binding
property effects on wild-type and deletion mutant EGFR to those
of gefitinib.

In the present study, we focused on the enzymatic properties of
in-frame deletion mutant EGFR (delE746—-A750). The inhibition
of receptor autophosphorylation in deletion mutant EGFR by
gefitinib was much greater than that in wild-type EGFR. Next,
it is necessary to examine the kinetic properties of other types of
EGFR mutants, especially L858R, and these findings may pave the
way for the discovery of different kinase inhibitors with different
inhibition profiles for EGFR.

This work was supported by funds for the Third Term Comprehensive 10-Year Strategy for
Cancer Control,
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SPECIFIC ATM

A short, inframe deletional mutant (E746-A750del) a
major mutant form of EGFR in non-small cell lung
cancer, and has been reported to be a major determi-
nant of response to EGFR tyrosine kinase inhibitors
such as gefitinib and erlotinib. However, the biclogical
and pharmacological functions of mutational EGFR
remain unclear. The aim of this study is to clarify
whether it is constitutively active or not and whether
alteration occurs downstream of the intracellular sig-
naling.

PRINCIPAL FINDINGS

1. A short, in-frame deletional mutant (E746-A750del)
induced dimerization and phosphorylation of EGFR
without any ligand stimulation

To determine the biological functions of deletion mu-
tant (E746-A750del) EGFR, we used the stable trans-
fected cells of wild-type and deletion mutant of EGFR.
Previously, we demonstrated that the 293 (D) cells trans-
fected with the deletional EGFR were hypersensitive io
EGFR-targeted tyrosine kinase inhibitors such as ge-
fitinib and ZD6474 as compared with the 293(W) cells
transfected with wild-type EGFR. Dimerization and
phosphorylation of EGFR in these cells were deter-
mined by using chemical cross-linker and by immuno-
blot analysis (Fig. 1). No expression of EGFR dimer or
monomer was detected in the 293(M) cells, Increased
dimerization and phosphorylation of the deletional
EGFR with a molecular weight of ~400 kDa were
detected without EGF stimulation in the 293(D) cells.
When stimulated with the EGF, increased dimerized
and phosphorylated EGFR were observed in the
293 (W) cells, whereas no response of EGFR to EGF was

0892-6638/06/0020-0311 © FASEB

observed in the 293(D) cells. The rato of dimerized to
monomeric EGFR in 293(W) and 293(D) cells was
analyzed densitometrically (Fig. 1, right). The dimer/
monomer ratio in the 293(W) cells was markedly
increased (~3-fold) by addition of EGF. Under un-
stimulated conditions, the dimer/monomer ratio of
the 293(D) cells was higher than that of the 295(W)
cells and the ratio was unchanged by addition of EGF.
These results suggest that the cells expressing the
wild-type of EGFR responded to EGF for their dimer-
ization and phosphoryladon and that the deletional
mutant of EGFR was dimerized and phosphorylated
constitutively without any ligand stimulation.

2. p44/42 MAPK and AKT pathways are activated
in the cells expressing deletional EGFR
without ligand stimulation

We examined the phosphorylation status of p44/42
MAPK and AKT that are major downstreamn targets of
EGFR in the transfectants. Even under unstimulated
conditions, increased phosphorylation of p44/42
MAPK and AKT was observed in the 293(D) cells. In the
293(W) cells, increased phosphorylation of p44/42
MAPK and AKT was observed with the addition of EGF
but p44/42 MAPX was remarkably phosphorylated. On
the other hand, no increased phosphorylation of
p44/42 MAPE and AXT was observed with the addition
of EGF in the 293(D) cells. This result suggests that the
pd4/42 MAPK and AKT pathways are activated in cells
expressing the deletional EGFR without ligand stimu-
lation.

! Correspondence: Shien-Lab, Medical Oncology, National
Cancer Center Hospital, Tsukiji 5-1-1, Chuo-ku, Tokyo 104-
0045, Japan. E-mail: knishio@gan2.res.nce.gojp
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Figure 1. Dimerization and phosphorylation of wild-type EGFR and deletional EGFR A. The 293 cells transfected with the empty
vector (293(M)), wild-type EGFR (203(W}), and deletional EGFR (293(D}) were treated with or without EGF (10 ng/mL) for
10 min after serum starvation. After two washes with ice-cold PBS(+), monolayer cells were incubated with the chemical
cross-linking reagent BS® (1.5 mM) in PBS(+). Glycine (20 mM) was added for an additional § min to terminate the reaction.
The lysates (twenty pg protein) were subjected to 2-15% SDS-PAGE followed by immunoblot analysis using ant-EGFR and
anti-phospho-EGFR. Right panel: ratio of dimerized to monomeric EGFR.

3. Gefitinib inhibited the AKT signaling pathway more
strongly than the p44/42 MAPK signaling pathway

We next determined the action of EGFR-targeted ty-
rosine kinase inhibitor gefitinib on downstream of
deletional EGFR (Fig. 24). In the 293(W) cells, phos-
phorylation of p44/42 MAPK was not inhibited by
exposure to a low dose of gefitinib (0.01 pM) but
phosphorylation of AKT was inhibited by exposure to
gefitinib (~70%, Fig. 2C). In contrast, exposure to
gefitinib decreased phospho-EGFR in the 295(D) ceils.
Phosphorylatdon of AKT was completely inhibited by
0.01 uM gefitinib exposure (~99%, Fig. 2C), whereas
inhibiton of p44/42 MAPK phosphorylation was not
remarkable in the 293(D) cells (—20%, Fig. 2B). These
data suggest that gefitinib inhibited the AKT signaling
pathway more strongly than the p44/42 MAPK signal-
ing pathway in the cells expressing the deletion mutant
EGFR.

4. AKT pathway was activated in the PC-9 cells
expressing deletional EGFR intrinsically

To examine whether increased phosphorylation is also
observed in the lung cancer cells intrinsically express-
ing deletional EGFR, we monitored the phosphoryla-
tion of EGFR and its related molecules in the PC9 cells
expressing deletional EGFR by using a beads-based
mulitiplex assay. We found increased phosphorylation of
EGFR and downstream molecules of AKT pathway includ-
ing IxB-« in PC-9 cells. This finding is consistent with the
result of the previous experiments with the 293(D) cells. It
is suggested that AKT pathway is activated in the cells
expressing deletional EGFR intrinsically.

CONCLUSIONS AND SIGNIFICANCE

To clarify the function of deletional EGFR, we used the
cell ransfectants with deletional EGFR [293(D)] that is

A B 15
o
293(M) 293(W) 293(D 30
Figure 2. Effect of gefitinib on phosphorylation Gefitinib - _f R 1 gE
of EGFR, p44/42 MAPK, and AKT in the EGFR Time () - 342 - 312 - 3 12 it
transfected 2938 cells. A) The 203(M), 203(W), 5 %% 05
and 293(D) cells were incubated with gefitinib  Phospho-EGFR §§
(0.01 uM) for 3 h or 12 h under nonstarved e
conditions. After two washes with icecold EGFR 00
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hypersensitive to tyrosine kinase inhibitors (e.g.,
gefitinib). We detected significantly higher levels of
dimerization and phosphorylation of deletional
EGFR without any ligand stimulation in the cells
deletional EGFR. Increased phosphorylation of
p44/42 MAPK and AKT was observed in the 293(D)
cells. These results suggest that deletional EGFR is
constitutively active. When the 293(D) cells were
exposed to gefitinib (0.01 wM), AKT phosphoryla-
tion was completely suppressed, suggesting that de-
letional EGFR signaling inclines toward the AKT
pathways. A summary of characteristics of deletional
EGFR is shown in Fig. 3.

FUNCTION OF AN EGFR IN-FRAME DELETION

Deletion-mutant EGFR

Figure 3. Function of deletional EGFR. Wild-
type EGFR is dimerized and phosphorylated by
EGF the wild-type EGFR and MAPK and AKT
pathways are activated. The deletion mutant
EGFR is dimerized and phosphorylated without
EGF. Both MAPK and AKT pathways are acti-
vated; but phospho-AKT was inhibited by TKI
predominantly in the cells expressing dele-
tional EGFR. MEK, MAP kinase/extracellular
regulated kinases; PI3K, phosphoinositide-3-ki-
nase; TR, tyrosine kinase inhibitors.

An additional experiment using a PC9 lung cancer
cell line intrinsically expressing deletional EGFR con-
firmed the gain of function of deletional EGFR and
activated AKT signaling pathway.

Results from this study have provided the under-
standing for biological functions of deletional EGFR
and cellular hypersensitivity to the EGFR-targeted ty-
rosine kinase inhibitor,

Now over 30 types of mutation have been reported in
clinical lung cancer specimens. We will examine the
biological function of other types of EGFR mutants
differentially, with the aim of selecting clinically mean-

ingful mutations.
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Background: ‘The authors evaluate the ellicacy and safety of ge-
fitinily monotherapy in chemotherapy-naive patients with advanced
non small-cell ing cancer (NSCLC). A secondary endpoint is 1o
evaluate the relationship between clinical mapifestations and epi-
dermal growth Lictor receptor (ZGFR) mutation status,

Methods: Japanese chemotherapy-naive NSCLC patients were en-
rofled. They had measurable lesions. Eastern Cooperative Oneology
Group perlormance status of 0 to 2. and adequate organ and bone
marrow Hinetion. Patients received 230 mg ol oral gefitinib daily.
FCGFR mutations in exon 18, 19, and 2 of DNA extracted [tom
wmor and serum were analyzed by senomic polymerase chain
reiction and direct sequence.

Results: All 30 putients were eligible for {he assessment of effivacy

and salety., An ohjective response and stable disense were abserved
in 10 patients (33.3%) and nine patients (30.0%). respectively. The
median time (o progression was 3.3 months and the median overall
survival was 10.6 months, The I-year survival rate was 43.3%.
Grade 3 1oxicities were observed in seven patients. FGFR mutation
was observed in Tour of 13 (30.8%) wmors. and two of them
achieved portial response. [n serum samples. three of 1) patients
with EGFR mutalions in the serun belore treatment had a response
1o gefitinih. EGFR mutation was observed in 10 o 27 and signili-
vantly more trequently observed in the posttreatment samiples from
patieats with a partial response or stable disense than in those from
pationts with progressive disease {p = 0.006),
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Conclusions:  Gefitinib  monotherapy  in chemotherapy-naive
NSCLC patients was active, with acceptable toxicities, These resulls
warrant further evaluation of gefitinib monotherapy as a first-line
therapy. The EGFR mutation in serum IINA may be o biomarker for
monitoring the response to gefitinib during treatment.

Key Words: Non-small-cell Tung cancer. Gefitinib. Epidermal
growtl facior receplor, Mutation. Serum DNA.,
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N on-small-cell lung cancer (NSCLC) is the leading cause
of cancer death in Japan and throughoul the workd.!
Unlortunately, the majority of patients with NSCLC present
with locally advanced or metastatic disease at the time of
diagnosis. Although chemoiberapy has produced modest sur-
vival benefits in advanced NSCLC patients, the outcome of
chemotherapy for NSCLC remaing nnsatisiactory.

Profein tyrosine kinases play imporiant roles in the
pathogenesis of malignant tumors,® Among them, epidennal
growth factor receptor (IXGFR) tyrosine kinase has beon
implicated in the initiation and progression o NSCLO 3 5
The overexpression of BGFR is frequent in NSCLC.5 Mono-
clonal antibodies and low-muolecular-weight compounds that
inhibii the BGFR signaling pathway have been developed and
shown to have antitumor effects. Gefitindb (Iressa, Astra-
Zenca, London, England) is an orally active BGFR type
tyrosine kinase inhibitor. In four phase [ studies, twmor
shrinkage or stabilization after gefitinib monotherapy was
observed in some patients with NSC1 C. iy two phase 11 trials,
[ressa Dose Evatuation in Advanced Lung cancer (IIDEAL) |
and 2, gelitinib monotherapy was shown o have a substantial
effect in NSCT.C patients treated previously with chemaother-
apy.”S In these trials, patients of Asian origin and who had
never been smokers had a statistically signilicant improve-
ment inoverall survival, In spite o enconraging resulis in the
IDEAL wrials, two large-seale, phase T randomized trials,
fressa NSCLO Trial Assessing Combination Treatment,
failed w show any survival benedit for (he use of gefitinib. >
Paticnts i o large-seale pliase 11 irial comparing gelitinib
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Gefitinib in chemotherapy-naive NSCLC patients

and placebo in advanced NSCLC with prior chemotherapy
demuonstrated in preliminary analysis o tendency (o have
improvement i overall survival but did nut have a statisti-
cally significant improventent in overall survival.'! There are
many issues (hat need 1o be addressed with regard (o the
clinical application of gefitinib; one of the most important
issues is the efficacy of gefitinib monotherapy in patients with
chemotherapy-naive NSCLEE? and anather is to establish a
way to predict response Lo gelitinib,

Recently, it has been suggested that mautations in the
LGER tyrosine kinase domain play a critical role in deter-
mining wmor respanse (o gefitinib in NSCLC patients 1314
The mutations consisted of small, in-frame deletions or sub-
stitutions clustered around the adenosine triphosphate  bind-
ing sile in exons 18, 19, and 21 of the EGFR. Afier these
reports, some investigators supported the beliel that FGFR
mutation is one of the strong determinants of twmor Tespose
o gefitinib.’* 7 Tumors with EGFR mutations tend (o be
more common in adenocarcinomas, female patients, non-
smokers, and those of Asian origin. In most of those studies,
tumor samples (hat were resected by operations were used.
Because it is offen difficull to obtain a tumor sample lrom an
inoperable NSCLC patient, it is necessary o establish a
method for detecting mytant f£GFR ftom a patient sample
other than [rom (umor specimens,

Polymerase chain reaction (PCR) teehnology for the
amplification of small amounts of IDNA has made it possible
to identify the same alterations typically observed in DNA
from serum samples [rom NSCLC patients.'*¥ Serum DNA
may provide a noninvasive and repeatable source of geno-
typic information that could influence treatment and progno-
sis, especially in advinced NSCLC patients who have re-
ceived gefitinib therapy. We essentially consider that it is
possible to detect the EGFR mutation in serum DNA. We
hypothesized that serum DNA may provide useful informa-
tion on EGFR mutations in lung cancer patients,

As described above, the usefulness of gefitinib mono-
therapy is controversiai and that in patients without pretremt-
ment is unclear. Because £GFR mutations have been shown
w be strongly assoclated with the response of NSCLC pa-
ticnts to gefitinib treatment, the analysis of £GFR mutations
is necessary to evaluate the clinical benefit of gelitinib. We
therefore conducted a multicenter phase 1T tial for these
patients, The primary objective was to evaluate the ebjective
response rate, and secondary objectives were (o estimate the
disease control rate, disease-related symptom improvement
rie, safety, time 1o progression (FTP), and uverall survival
(O8). In addition, as a correlative study. we planned 1o detect
EGEFR ntations in serum samples from NSCLC patients and
evaluate the relationship between the EGFR mutation and
clinical manifestations in NSCIC patients receiving gefitinib
treatment,

PATIENTS AND METHODS
Patient Eligibility

Patients who had histologicalty or evtologically proven
stage HIb or IV NSCEC and no previons chemotherapy were
virodicd into this rial Radiotherapy Toe nietastatie lesions

undil 3 weeks belore eniy was allowed on condition that
these lesions were not assessed [or timear response. Patients
in whom recunrence accurred afer surgery were also cligible.
Patient cligibility criteria ineluded at least one measurable
lesion, age of 20 years or older. lastem Cooperative Oncol-
ogy Group performance status (PS} of 0 0 2, and lile
expectancy of greater than or equal 10l2 weeks. Adequate
organ and bone marrow {umction was necessary. defined as
leukoeyte counts greater than or eyual to 3.0 X 10%liter,
neutrophil connts greater than or equal to 1.5 X 10%
fiter, platelet counts greater than or equal 1o 160 X 10%liler.
hemoglobin levels greater than or equal 1o 8.5 g/dl, alanine
aminofransferase or aspartate aminotransferase fevels less
than or equal 1o two times the upper limit of the reference
range (<< 100 TU/iter in the presence of liver metastases),
serum bilitubin devels fess than or egnal 1o 1.5 mg/dl. serum
creatinine levels less than or equal 101.5 mg/dl, and Pa0) ,
levels greater than ot equal to 65 mmlig. Patients with any of
the following were excluded: active double cancer: severe
complications such as myocardial infarction within 3 months
belore entry or uncontrolled diabetes; symplomatic brain or
bone melastasis: diarrhea more severe than grade 2 according
1o National Cancer Institute Common Toxicity Criteria ver-
sion 2:; systemic administration of sieroids 1o treat skin
diseases: pleural. pericardial, or peritoneal effusion requiring
treatment; and pregnancy or laclation. All patients were
required to give informed consent,

Treatment

Patients were (reated with gefitinib 250 mg orally once
per day. Treatment was discontinved when the disease pro-
pressed, intalerable toxicities appeared. the patients requested
withdrawal, or disease-related symptoms worsened without
tmor response after § weeks of gefitinib momsberapy. These
patients received chemotherapeutic treatment alier gefitinib
therapy. The chemotherapy regimen consisted of platimum
{cisplatin or carboplatin) plus new agents (paclitaxel. do-
cetaxel, gemeitabine, vinorelbine, or irinotecan) in patients
aged 74 years or younger and vinorelbine monotherapy in
paticints aged 75 years or older, If symiptomatic bone or brain
melastasis oceurred during gefitinib monotherapy. patients
received radiotherapy after pefitinib treatment,

Efficacy and Drug-Related Adverse Events

Tumor size was assessed with computed tomography or
magiietic resonance imaging scans every 4 weeks from the
start to cessation of (rotucol ireatment, nsing Response 1 val-
wition Criteria i Solid Tuntors guidelines.  Discase control
was judged when patients achieved the best response of
complele rexponse, partial response {(PR), or stable disease
{SD). which was confirmed and sustained for 4 weeks, 170
was measured as the perod from the start of the treatment o
an idensifiable thime ol disense progression. O8 was measured
from the start of the treatment uatil deail or the Tast follow-
up. The Kaplan-Meier methad was osed 1o caleulate these
NICASHICS,

Brug adverse events were secorded and praded accord-
ing o National Cancer Institte Conmmon Toxicity Criteria
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