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Abstract Cases of non—small-cell lung cancer, (NSCLC) carrying the somatic mutation of epidermal

growth factor receptor (EGFR) have been shown to be hyperresponsive to the EGFR tyrosine
kinase inhibitor gefitinib (IRESSA). If EGFR mutations can be observed in serum DNA, this could
serve as a noninvasive source of information on the genotype of the original tumor cells that
could influence treatment and the ability to predict patient response to gefitinib. Serum genomic
DNA was obtained from Japanese patients with NSCLC before first-line gefitinib monotherapy.
Scorpion Amplified Refractory Mutation System technology was used to detect EGFR muta-
tions. Wild-type EGFR was detected in all of the 27 serum samples. EGFR mutations were
detected in 13 of 27 (48.1%) patients and two major EGFR mutations were identified
(E746A750de| and L858R). The EGFR mutations were seen significantly more frequently in
patients with a partial response than in patients with stable disease or progressive disease
(P = 0.048, Fishers exact test). The median progression-free survival was significantly longer
in patients with EGFR mutations than in patients without EGFR mutations (200 versus 46 days;
P = 0.005, log-rank test), The median survival was 611 days in patients with EGFR mutations and
. 232 days in patients without. EGFR mutatlons (P > 0.05). In pairs of tumor and serum
samples obtalned from 11 patients, the EGFR mutation status in the tumors was consistent with |
those inthe serum of 8 of 11 (72. 7%) of the paired samp!es Thus, EGFR mutations were detect-
able using Scorplon Amp!tf!ed Refractory Mutation ‘Sysiem technology in serum DNA from
patients with NSCLC. These results suggest that patients with EGFR mutations seem 10 have
better outcomes with gefmnlb treatment, in terms of progressmn-free survival, overall survival,

and response; than those pat:ents wnthout EGFR mutations.

Lung cancer is a major cause of cancer-related mortality
worldwide and is expected to remain a major health problem
for the foreseeable future (1). Targeting the epidermal growth
factor receptor (EGFR) is an appealing strategy for the treatment
of non-small-cell lung cancer (NSCLC) as EGFR has been
found 1o be expressed, sometimes strongly, in NSCLC tumors
(2). Mutations of EGFR tyrosine kinase have been reported in
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NSCLC patients with dramatic responses to gefitinib (IRESSA),
an EGFR tyrosine kinase inhibitor (3, 4). Studies have reported
that EGFR mutations are strong determinants of tumor
tesponse to EGFR tyrosine kinase inhibitors (5-7). Approxi-
mately 30 mutations in exons 18 to 21 of EGFR were detected
in a lung tumor specimen (3-8). The two most common
NSCLC-associated EGFR mutations are the 15-bp nucleotide
in-frame deletion in exon 19 {(E746_A750del) and the point
mutation replacing leucine with arginine at codon 858 in exon
21 (L858R; refs. 5, 8). These two mutations account for ~90%
of all EGFR mutations and could explain the dramatic
responders to gefitinib. Most EGFR mutations have been
identified retrospectively from operative resected tumor sam-
ples. However, it is sometimes difficult to obtain tumor
samples from patients with inoperable NSCLC in prospective
studies; thus, it is necessary to establish a method to detect
mutant EGFR, especially the two major mutations, from other
more readily accessible patient samples.

Recently, PCR technology for the amplification of small
amounts of DNA has made it possible to identify the same
alterations, which are typically observed in DNA from resected
or biopsied tumor cells, using serum samples from patients
with various types of tumor, including NSCLC (9, 10). The
detection of EGFR mutations in serum DNA may provide a
noninvasive and Tepeatable source of genotypic information
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that could influence treatment and prognosis, especially in
patients with NSCLC treated with gefitinib. However, it is
well known that interfusion of normal cells with tumor cells
prevents the detection of mutations in the tumor cells. There-
fore, it is necessazy to enhance the sensitivity of the detection of
EGFR mutations from tumor-derived DNA mixed with normal
cells.

Scorpion primers are used in a fluorescence-based method
for the specific detection of PCR products {11). A Scorpion is a
specific probe sequence that is held in a hairpin loop
configuration by complemeniary stem sequences at the 5" and
3" ends of the probe. Scorpion can be used in combination with
the Amplified Refractory Mutation System (ARMS) to enable
the detection of single-base mutations (11, 12). ARMS
technology is used for allele discrimination and additional
mismatches are introduced near the 3’ terminus of the primers
to enhance specificity. For the detection of known mutations,
the Scorpion-ARMS method is highly sensitive and fast (13).
Our hypothesis was that the ARMS and Scorpion methods
could enhance the sensitivity of the detection of EGEFR
mutations from the wild type.

The aims of this study were to develop a highly sensitive
assay for the detection of EGFR mutations in serum DNA, to
compare the mutation status in serum to tumers from a subset
of their patients, and to clarify the relationship between the
EGFR mutation status in serum DNA and clinical manifes-
tations, and in particular the responsiveness to gefitinib.

Materials and Methods

Patients and clinical trials. This study was carried out as a
correlative study in a multicenter clinical phase 11 trial of gefitinib
monotherapy at the Department of Respiratory Medicine, Kanzawa
University Hospital; the Department of Internal Medicine, Kouseiren
Takaoka Hospital; the Depariment of Internal Medicine, Shinminato
Municipal Hospital; the Department of Internal Medicine, Fukuiken
Saiseikai Hospital; the Department of Respiratory Medicine, Toyama
City Hospital; the Department of Respiratory Medicine, Ishikawa
Prefectoral Hospitzl; and the Depariment of Respiratory Medicine,
Kanazawa Municipal Hospital. According o Simon's minimax design,
our study, with a sample size of 25, had an 80% power to support the
hypothesis that the true objective response rate was »30% and a 5%
significance to deny the hypothesis that the true objective response rate
was <10%. Assuming an inevaluability rate of <20%, we projecied an
accrual of 30 patients. The study was conducted with the approval of
the appropiiate ethical review boards based on the recommendations of
the Declaration of Helsinki for biomedical research invoiving human
subjects. Japanese paiients with stage IIE or IV histologically or
eytologically proven chemotherapy-naive NSCLC were enrolfed in this
trial. Cefitinib was orally given to all patients at a fixed dosage of 250
mg/d. Efficacy was assessed using the Response Evaluation Criteria in
Solid Tumors guidelines {14). The analysis of the samples in this study
was done blinded to the clinical outcome.

Blood sample collection and DNA extraction. Blood samples from the
27 patients with NSCLC were collected before the initiation of gefitinib
administration. Separated serum was stacked at —80°C until use. Serum
DNA was extracted and purified using a Qiamp Blood Kit (Qiagen,
Hilden, Germany) with the following protocol modifications. One
column was used repeatedly until the whole sample had been processed.
The resulting DNA was eluted in 50 gL of sterile bidistiled buffer. The
concentration and purity of the extracted DNA were determined by
spectrophotometry. The extracted DNA was stocked at —20°C until use.

Scorpion ARMS primers for the detection of E746_A750del and
L858R. 'We used an EGFR Scorpion Kit (DxS Ltd., Manchester, United
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Kingdom), which combined two technologies {i.e., ARMS and
Scorpion} to detect mutations in real-time PCR reactions. Four kinds
of scorpion primers for the detection of E746_A750del, L858R, and
wild type in both exon 19 and exon 21 were designed and synthesized
by DxS. The sequences of the scorpion primer for E746_A750del and
LB58R were based on the GenBank-archived human sequence for EGFR
(accession no. AY588246). All reactions were done in 25-ul. volumes
using 1 pL of template DNA, 7.5 uL of reaction buffer mix, 0.6 ul. of
primer mix, and 0.1 uL of Taq polymerase. All reagents are included in
this kit. Real-time PCR was carried out using SmartCycler 11 {Cepheid,
Sunnyvale, CA) under the following conditions: initial denaturation at
§5°C for 10 minutes, 50 cycles of 95°C for 30 seconds, and 62°C for 60
seconds with fluorescence reading (set to FAM that allows optical
excitation at 480 nm and measurement at 520 nm) at the end of each
cycle. Data analysis was done with Cepheid SmartCycler software {ver.
1.2b). The cycle threshold (Ct) was defined as the cycle at the highest
peak of the second derivative curve, which represented the point of
maximum curvature of the growth curve. Both Ct and maximum
fluorescence (Fl) were used for interpretation of the results. Positive
results were defined as follows: Gt =45 and F1 250. These analyses were
done in duplicate for each sample and reviewed by two investigators
blinded to any dlinical information. To confirm the sensitivities for the
detection of E746_A750del and L858R, we used the standard DNA that
was included in the EGFR Scorpion Kit. Standard DNA with
E746_A750del and LB58R at a volume of 1, 10, 100, 1,000, or
10,000 pg and the mixture of standard IDNA with wild type at 10,000 pg
and standard DNA with E746_A750del and L858R at a volume of 1, 10,
100, 1,000 or 10,000 pg were used. For quantification, a standard curve
was generated by plotting the cycle number of Ct against the log of the
DNA volume of the known standards. The linear correlation coefficient
(R?) values and the formula of the slopes were calculated. DNA (10,000
pg) for the positive control was extracted from a Japanese human
adenocarcinoma PC-9 cell line known to contain E746_A750de], a
Japanese human adencearcinoma 11_18 cell line known to contain
L858R, and a human epidermoid carcinoma A431 cell line known to
contain wild-type exon 19.

Tissue sample collection and DNA extraction. Tumor specimens were
obtained on protocols approved by the Institutional Review Board.
Twenty paraffin blocks of tumor material, obtained from 15 patients at
the time of diagnoses (and before treatmen:), were collected
retrospectively. Eleven tumor samples were collected from the primary
cancer via transbronchial lung biopsy, one was resected intraoper-
atively, and nine were from metastatic sites (four from bone, three
lymph nodes, one brain, and one colon). All specimens underwent
histologic examination to confirm the diagnosis of NSCLC. DNA
extraction from tumor samples was done using a DEXPAT kit {TaKaRa
Biomedicals, Shiga, Japan).

PCR amplification and direct sequencing. Amplification and direct
sequencing were done in duplicate for each sample obtained from
serum and tissue specimens. PCR was done in 25-uL volumes using
15 pL of template DNA, 0.75 units of Ampli Taq Gold DNA polymerase
{Perkin-Elmes, Roche Molecular Systems, Inc., Branchburg, NJ}, 2.5 uL
of PCR buffer, 0.8 mmol/L, deoxynucieotide triphosphate, 0.5 umolfL
of each primer, and different concentrations of MgCls, depending on
the polymorphic marker. The sequences of primer sets and schedules of
amplifications were followed as previously described (12). The
amplification was done using a thermal cycler (Perkin-Elmer, Foster
City, CA). Sequencing was done using an ABI prism 310 (Applied
Biosystems, Foster City, CA). The sequences were compared with the
GenBanle-archived human sequence for EGFR (accession no.
AY588246),

Statistical analpsis. Fisher's exact test was used to assess the
relationship between the presence of EGFR mutations in patients with
NSCLC and different characteristics, including gender, tumor histology,
and response to gefitinib. Regarding analyses of response to gefitinib,
patients were categorized into the two groups: {a) partial response and
(b) stable disease or progressive disease {Response Evaluation Criteria

www.aacrjournals.org



Mutant EGFR in Serum DNA in Patients with NSCLC

in Solid Tumors criteria). We compared Kaplan-Meier curves for overall
survival and progression-free survival using the standard log-rank test.
Overall survival was defined as the time from the initiation of gefitinib
sdministration to death from any cause; patients known to be still ative
at the time of the analysis were censored at the time of their last follow-
up. Progression-free survival was defined as the time from the initiation
of gefitinib administration to first appearance of progressive disease or
death from any cause; patients known to be alive and without
progressive disease at the time of analysis were censored at the time
of their last follow-up. P = 0.05 was considered statisticaily significant.
The statistical analyses were done using the StatView software package
version 5.0.

Results

Patients and extracted DNA from serum. Twenty-eight
patients were enrolled between October 23, 2002 and August
3, 2003 (Table 1). All patients were evaluated for response and
followed for progression-free survival and overall survival.
Blood samples (2 mL) were collected from 27 of these patients
before the initiation of gefitinib administration. These 27
patients represented a subset of that phase 11 study. Serum DNA
was extracted in all 27 samples at a median concentration of
70.0 ng/mL {range, 0-1,720.0 ng/mL).

Sensitivity of the EGFR Scorpion. Preliminary experiments
were done to evaluate the sensitivity of the EGFR Scorpion kit
(Fig. 1A-C). All curves using E746_A750del and L858R
standard DNA (volumes of 1-10,000 pg) increased up to 45
cycles (Fig. 1A). When wild-type standard DNA and distilled
water were used as negative controls, the curves did not increase
and continued flat at 50 cycles (Fig. 1A and C). When diluted
E746_A750del and L858R standard DNA were mixed with
wild-type standard DNA at ratios from 10° to 107, all curves
that indicated the presence of E746_A750del and L858R

Table 1. Patient characteristics
{n)

No. patients 27
Age (y)

Median 64

Range 44-87
Sex

Male 17

Female 10
Performance status

0 19

1 6

2 2
Stage

1151 3

v 24
Histology

Adenocarcinoma 23

Squamous-cell carcinoma 2

Large-cell carcinoma 2
Response

Partial response 2]

Stable disease 8

Progressive disease 10
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inereased up to 45 cycles (Fig. 1B and D). Standard curves in
the range of measured volumes in this study were linear with e
values from 0.987 to 0.998. Both slopes of curves were almost
parailel (Fig. 1E). The Ct of diluted mutant standard DNA
mixed with wild-type DNA was close to that of mutant standard
DNA alone. Although the peak fluorescence levels of diluted
E746_A750del standard DNA mixed with wild-type DNA were
lower than without wild-DNA standard, the presence of
E746_A750del was dearly detected at ratios less than 107°.
The peak flucrescence levels of diluted L858R standard DNA
mixed with wild-type DNA were equivalent to those without
wild-DNA standard. Curves of DNA with the mutations at an
amount of up to 1 pg were unaffected by interfusion of DNA of
wild-type EGFR. There were no significant differences beiween
either the minimum detectable volume of the mutations or the
minimum detectable ratio of wild type to the mutations.

In the cell-based experiments using genomic DNA of human
cancer cell lines, the signal using DNA derived from the PC-9
cells was detected whereas the signal using DNA from the A431
cells was, as expected, not detected (Fig. 1D and E).

EGFR mutation status of serum DNA detected by EGFR
scorpion. The E746_A750del or LB58R status of serum DNA
derived from 27 patients with NSCLC was examined. Wild-type
exons 19 and 21 were detected from all serum samples.
E746_A750del was detected in samples of 12 patients. L858R
was detected in 1 patient (Table 2). In total, EGFR mutations
were detected in 13 of 27 (48.1%) patients. The histologic
subtypes of the original tumors are summarized in Table 3A in
the 27 patients who were assessed for EGFR mutation in serum.
Eleven of 23 (47.8%) cases of adenocarcinoma, one of two
cases of squamous-cell carcinoma, and one of two cases of
large-cell carcinoma were positive for EGFR mutations. An
EGFR mutation was more frequently detected in the samples
from female patients than those from males [7 of 10 (70%)
versus 6 of 17 (35%); Table 3B].

EGER mutation status in serum (EGFR Scorpion) and response
to gefitinib, EGFR mutations were more frequently observed in
the samples from the patients who showed a partial response
(7 of 9 cases, 77.8%) than in samples from patients with stable
disease or progressive disease (6 of 18 cases, 33.3%; P = 0.046,
Fisher's exact test; Table 3C).

EGER mutation status in serum (EGFR Scorpion) and effect on
survival. Median progression-free survival and overall survival
of all the patients treated with gefitinib were 98 and 306 days,
respectively. Patients with EGFR mutations in serum showed a -
significantly longer median progression-free survival compared
with the patients without EGFR mutations (200 versus 46 days,
P = 0.005; Fig. 2A). The patients with EGFR mutations showed
a longer median overall survival compared with the patients
without EGFR mutations, although there was no statistical
significance (611 versus 232 days, P = 0.078; Fig. 2B). These
results suggest that patients who were serum EGFR mutation
positive seem to have better outcornes with gefitinib treatment,
in terms of progression-free survival, overall survival, and
response, than those patients who were EGFR mutation
negative.

EGFR mutation in serum analyzed by direct sequencing and in
comparison with EGFR Scorpion. The deletional mutation
(E746_A750del} was detected by direct sequending in serum
DNA extracted from 10 of 27 patients (37.0%). No point
mutation in exons 18, 19, and 21 was detected in the PCR
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Fig. . Sensitivity of detection for mutations of E746_A750del and LB58R using the EGFR Scorpion kit (A and B, E746_A750del; C and [, LBS8R). Standard DNA with
E746.A750del (A) and LB58R {C) were used at various volumes of 10,000 pg (10}, 1,000 pg (10%), 100 pg (16%), 10 pg (10", and 1 pg (10°%). Standard DNA with wild-type
(Wild) and distilled water (W) were used as negative controls in the same experiment. Standard DNA with £746_A750del (8) and LB58R (£} &t concentrations from
1t0 30,000 pg were mixed with 10,000 pg of standarc DNA with wild-type ot a ratio of 1:1 (10%), 1:10 {1077, 1:100 (19-2), 1:1,000 (103, and 1:10.000 {107%. £ standard
curves were derived by plotting the Ct of each curve (shown in A-D) against the log of the standard DNA volume (black fines, E746_AT750del; blue lines, LBS8R). £ £C-8
with £746_A750del and A431 with wild-type. G, 1118 with L8588 and A431.

products from serum samples. The serum EGFR status detected mutations was adenoccarcinoma in three and large-cell carcino-
by direct sequence was not correlated statistically with ma in one. The responses to gefitinib in these four patients were
histologic type, gender, response to gefitinib (Table 3), or two partial response, one stable disease, and one progressive
survival (progression-free survival, P = 0.277; overall survival, disease,

P = 0.859). EGFR mutation status, as assessed by direct Pairs of tumor samples and serurn samples were obtained
sequence, was consistent with those assessed by EGFR Scorpion retrospectively from 11 patients {Table 4). The EGFR mutation
in 15 of 27 (55.6%) of the paired samples. In four cases, EGFR  status in the tumors was consistent with those in the serum of
mutation status (E746_A750del) was positive by direct 8 of 11 (72.7%) of the paired samples. The E746_A750del
sequence and negative by EGFR Scorpion. Eight cases were mutation was positive in the tumor and negative in the serum
negative by direct sequence and positive by EGFR Scorpion. in two patients, and the E746_A750del mutation was negative
Thus, the sensitivity of EGFR Scorpion seems to be higher than in the tumor and positive in the serum in one patient.

that of direct sequencing due to the use of the specific primers
for EGFR mutations in this kit.

EGFR mutations in tumors in comparison with those in
serutn. Twenty tumor samples were obtained from 15 patients Our findings have shown that EGFR mutations were
retrospectively. Sequencing of EGFR exons 19 and 21 was done detectable in serum samples obtained from patients with
in samples from 12 of these under the same PCR conditions ~ NSCLC and that the EGFR Scorpion kit consisting of ARMS
{Table 4; the other three samples were not evaluated because of  and Scorpion technology is a useful method for detection of
low amplification of PCR products). EGFR mutations were EGFR mutations. The EGFR mutation status in serum detected
detected in four cases (25.0%); three were the 15-bp deletion by the EGFR Scorpion was correlated statistically with
(E746_A750del) in exon 19 and one was the L858R point  responsiveness to, and the progression-free survival of, gefitinib
mutation in exon 21. Tumor histology of patients with EGFR  treatment. Our finding supports the hypothesis that the EGFR

Discussion
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mutation status from serum DNA is useful to predict the
responsiveness to gefitinib.

The mutation rate observed in our study seems to be
relatively high (48%) although we have detected only two
major mutations. EGFR mutations have been detected at a
higher frequency in lung tumors from female patients, those
with adenocarcinoma histology, nonsmokers, and patients of
Asian origin (6, 8). However, previous reports show that the
mutation rate of EGFR in operative samples of Japanese
patients was from 26% to 59% (4, 6, 15, 16). The EGFR
mutation rate in our study is equivalent to that observed in
these reports. ¥t can be speculated that the high sensitivity and
specificity of the EGFR Scoxpion allowed us to detect the EGFR
mutations even in serum. Another possible reason is the high
number of patients with adenocarcinoma in our study (23 of
27, 85.2%). Previous studies have shown that very few patients
with nonadenocarcinoma, including squamous cell carcinomas
and large-cell carcinomas, have EGFR mutations (3-8). Our

Table 2. Patients’ characteristics and EGFR mutant
status detected from serum DNA using the EGFR
ARMS-Scorpion method
Response Gender Histology Exon19 Exon 21
Wild E746. Wild L858R
A760de]
PR M Ad + - + +
PR F Ad + + + -
PR M Ad + - + -
PR F Ad + + + -
PR M Ad + + + -
PR F Ad + - + -
PR i Ad + + + -
PR F Ad + + + -
FR F Ad + + + -
Sb M Large + - + -
SD F Ad + + + -
SD M Ad + - + -
sD F Ad + - + -
sD F Ad + + + -
sh M Ad + - + -
SD F Ad + + + -
sD M Sce + + + -
FD F Sce + - + -
PD M Ad + - B -
PD M Ad + - + -
PD M Large + + + -
PD M Ad + - + -
FD M Ad + - + -
PD M Ad + - + o
PD M Ad + - + -
FD M Ad + + + -
PD M Ad + - + -
Abbreviations: SD, stable disease; PD, progressive disease; PR, partial
response; M, male; F, female; Ad, adenocarcinoma; Large, targe- cell carcinoma:
Sce, squamous-cell carcinoma; +, curve detected by SmartCycler; —, curve
not detecied by SmartCycler.

wwww.aacrjournais.org

Table 3. Frequen'cy.of EGFR mutations i'r_: serum DNA
from patients with NSCLC according to histology (A),
gender (B), and response to gefitinib (C) .

EGFR Scorpion kit Direct sequence

+ - + -

(A) Histology and EGFR mutant states
Ad 11 12 8 15

Nan-Ad 2 2 P>0.899 2 2 F»0.999
(B) Gender and EGFR mutant states

Female 7 3 5 5

Male 6 i1 F=0120 5 12 P=0415

(C) Response to gefitinib and EGFR mutant s1ates
PR 7 2 4 5

SD/PD 6 12 P =0.046 6 12 P=0.683

NOTE: Atotal of 27 samples were obtained from 28 patients before treatment.
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results were in line with the previous studies and showed that
no patients with squamous cell carcinema or large-cell
carcinoma had the mutations.

We identified 12 deletion mutations and a single point
mutation (L858R). Previous reports have shown that the
frequency of detection of E746_A750del is almost equivalent
to that of L858R (15, 16). It seems that the rate of detection of
1858R in our study was very low compared with the rate of
LE746_A750del. The sensitivity for detection of L858R using the
Scorpion ARMS method is very high and equivalent to that of
BE746_A750del. We thus consider that it is unlikely that the low-
frequency L858R mutation could be due to assay-related false-
negative findings. On the other hand, it also seems unlilely that
either sampling method or the patients’ eligibility criteria are
biased toward the high rate of E746_A750del. Therefore, we
have not been able to clarify the moot point. Further analyses
in much larger groups of patients will be necessary to clarify the
frequency of the major two mutations in serum DNA.
Unfortunately, parallel tumor tissue investigations were done
only on a small subset of the participating patients. Further-
more, findings in the serum were divergent from those
obtained from the primary tissue in 3 of 11 patients from
whom the paired samples were obtained. Therefore, this study
is at best hypothesis-forming and will require follow-up
analysis in much laiger groups of patients.

Some investigators reported that mutations in the EGFR
tyrosine kinase domain enhanced responsiveness to the EGFR
tyrosine kinase inhibitors gefitinib and erlotinib, and seemed
10 be associated with the prolonged survival of the patients who
received these drugs (7. 8). In a placebo controlled study
showing a survival advantage for NSCLC patients who received
erlotinib, Tsao et al. (17) showed that the presence of an EGFR
mutation might increase responsiveness to erlotinib, but was
not indicative of a survival benefit, and concluded that EGFR
mutation analysis was not necessary to identify patients in
whom treatment with EGFR inhibitors was appropriate. Our
results are not in line with their conclusions. In their study, the
rate of mutation analysis was low and 107 of 731 patienis

Clin Cancer Res 2006;12(13} July 1, 2006
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Fig. 2. Progression-free survival (4) and overall survival (8) with respect 1o the
EGFR mutation status of NSCLC. °, log-rank test.

enrolled in their study were successfully analyzed for EGFR
mutation. Sensitivity for detecting EGFR mutation in their study
might be unstable as interfusion of normal cells in tumor cells
decreases the sensitivity for detecting tumor-derived mutations
using direct sequencing. They propose that additional processes
(such as microdissection) to enrich tumor cell DNA might
increase the rate of detection of new mutations; however, it
seems that their results are insufficiently robust to reach this
conclusion. Therefare, we propose the use of EGFR mutation
analysis from serum DNA, which is easily collected and
repeatable, to show that EGFR mutation status using the EGFR
Scorpion kit correlates with the responsiveness to gefitinib,
EGFR mutation in NSCLC is reported to be somatic (3, 4). It
is well known that the concentration of free dirculating DNA in
serum is higher in patients with tumors than in healthy
volunteers (18) and it seerns that the detected mutational EGFR
in serum was tumor derived. This is the first report analyzing
EGFR mutations from serum DNA and evaluating EGFR
mutation status and clinical outcome {response and survival)
with gefitinib. No other studies have analyzed EGFR mutations
from samples other than actual tumor samples. The mutation
in two patients was positive in the tumor and negative in the
serum, and the mutation in one patient was negative in the
tumor and positive in the serum. We have tried to explain
the discrepancy why tumor and serum were not better
correlated as follows. In cases of positive in the tumor and
negative in the serum, the volumes of mutant DNA extracted
from the serum were under the detectable limit using the
Scorpion ARMS method, or a very small amount of DNA
derived from an actual tumor was circulating in the blood-
stream. A previous study showed that 73% of patients with at
least one molecular event, such as a hypermethylation of the
umor suppressor gene pi6, in their tumor DNA had the same
alteration in plasma DNA (10). In a case of negative in the
tumor and positive in the serurmn, wild-type DNA interfered with

samples were obtained from 11 patients

Tabie 4. EGFR mutation status in tumor samples and serum samples. Pairs of both tumor samples and serum

Gender Histology Response EGFR mutation status
Tumor sample EGFR Scorpion kit (serurn sample)
Exon19 Exon 21
Wild Mutation Wild Mutation

M Large sSD Wild + - + —
F Sce PD Wild + - + —
M Ad PD Wild + - + —
M Ad PR L.858R + - + -
F Ad SD Wild- + + + -
M Large PD E748-A750del + + + -
M Ad PD Wild + — + -
M Ad PD Wwild + - + -
M Ad SD E746-A750del* + - + -
F Ad PR E746-A750del* + - + -
M Ad PD Wild + - + —

*Patients who have different states of EGFR mutation from tumor-derived DNA and serum-derived DNA.
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the detection of mutant DNA in the tumor samples using the
direct sequencing method. The rate of the mutations in serum
DNA detected by the Scorpion ARMS was compared with that
in tumor tissues detected by the direct sequencing method as a
current standard method. DNA from tumor samples consisted
of a mixture of the mutant DNA and wild-type DNA because
the EGFR mutation status was always heterogeneous, and the
complete removal of normal cells, such as normal epithelial
cells and inflammatory cells, from tumor specimens is very
difficalt. Parallel tumor tissue investigations were done on only
a small subset of these patients, which is a recognized
limitation in the present study. A larger study is necessary to
evaluate the consistency of the mutation status from tumor and
serumn. On the other hand, it is sometimes difficalt to obtain
tumor samples from patients with inoperable NSCLC in
prospective studies. We showed that patients who were EGFR
mutation positive in the serum DNA using the Scorpion ARMS
methad seem to have better outcomes with gefitinib treatment
in terms of progression-free survival, overall survival, and
response, despite the nonconformity between the mutation
states of tumer and serum DNA in some of the patients. We
anticipate that the detection of EGFR mutations in serum DNA
using the Scorpion ARMS will be equivalently useful as a
feasible approach for predicting tumor response 1o gefitinib.
Two groups have reported alternative methods for detection
of EGFR mutations. One group used the LightCycler PCR assay
(19) and the other postulated that the SSCP assay was more
sensitive than direct sequencing and was a rapid method (20).
Further studies are needed to validate these assays for detection
of EGFR mutations and to clarify the most sensitive assay.
Although the direct sequence method is common in reported
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Abstract Purpose: Edotecarin (J-107088) is a potent
indolocarbazole topoisomerase I inhibitor which is
structurally distinct from the camptothecins. This study
aimed to determine the maximum tolerated dose
(MTD), the recommended dose for futwre Phase II
studies and the safety, pharmacokinetic profile, and
preliminary antitumor activity of edotecarin in a pop-
ulation of patients with advanced solid tumors.
Experimental design: Edotecarin was administered as a
single dose by IV infusion over 2 h every 21 days (with
| week permitted for recovery from toxicities, if nee-
ded} in patients with advanced solid tumors. Doses
ranged from § to 15 mg/m°. Pharmacokinetic assess-
ments were performed during and after the first
administration. Reswits: Twenty-four patients received
61 cycles of therapy. Dose-limiting toxicities (infection,
febrile newiropenia, constipation, ileus, and prolonged
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grade 4 pranulocytopenia) were observed in 3 of 3
evaluable patients at the 15 mg/m? dose, defining the
MTD. The most commonly reported non-hematologic
toxicilies were anorexia, nausea, malaise, and consti-
pation. Diarrhea was neither frequent nor severe,
Neutropenia was the most commeon hematologic tox-
icity (grade 34 m 21/23 patients during cycle 1).
Plasma concentrations of edotecarin rose rapidly fol-
lowing the start of the 2-hour infusion, reaching Cpax
values of 103+17 ng/ml at the 13 mg/m? dose, and
decreased steeply after the end of the infusion. Plasma
concentrations declined to approximately 1-2 ngfm] at
26 h post start of infusion, the last PK sampling time
point. The mean apparent plasma half-life of the drug
was 20 h, which should be considered a preliminary
estimate until results from studies with a longer dura-
tion of plasma sampling are available. A mean.of 1.4—
3.6% of the dose was recovered as unchanged drug in
the urine over 48 h. Unconfirmed tumor regression
250% was observed in 2 patients, 1 with metastatic
gastric carcinoma and 1 with esophageal cancer. Con-
clusions: The MTD of edotecarin administered IV over
2 h every 21 days was 15 mg/m” The recommended
dose for Phase IT studies with a 3-week schedule (with
I week permitted for recovery from toxicities, if nee-
ded) is 13 mg/m®. The observed safety profile and
preliminary evidence of antitumor activity warrant
further investigation of this drug in solid tumors.

Keywords Edotecarin - Pharmacokinetics -
Maximum tolerated dose - Dose-limiting toxicity -
Topoisomerase I inhibitor

Introduction

DNA damage mediated by topoisomerase I (topo I)
inhibitors is an imporiant mechanism of antineoplastic
activity [1]. During DNA replication, topo 1 relieves
torsional strain by causing a reversible single-strand
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break in the DNA [2]. Topo I binds to DNA at the
break site to form a cleavable complex. Topo 1 inhibi-
tory drugs bind to the topo I-DNA complex, stabilizing
it and preventing the religation of the single-strand
breaks. Cell death appears to be due to double-strand
DNA damage that occurs during DNA synthesis when
replication enzymes interact with the stabilized cleavabie
complex. Currently in the USA, two topo I inhibitors,
both camplothecin derivatives, are available for the
treatment of cancer patients: topotecan, approved for
ovarian carcinoma and small cell lung cancer indica-
tions, and irinotecan, approved for metastatic colorectal
carcinoma [3-6]. The remarkable anticancer activity of
the campothecins and the possibility that other topo |
inhibitors could exhibit different activity, better tolera-
bility, or a more favorable pharmacokinetic profile have
led to the search for new topo 1 inhibitors.

Edotecarin (J-107088) is a new derivative of NB-506,
an indolocarbazole antitumor agent with a chemical
structure completely different from the camptothecing
(Fig. 1) [7]. Like camptothecin and its derivatives, e-
dotecarin inhibits topo I [7, 8], but because of the
distinet structure of this agent, its interaction with the
target enzyme differs significantly from the campto-
thecin derivatives [9]. Edotecarin is a more potent
inhibitor of topo I than camptothecin. The cleavable
complex formed with edotecarin is more stable than
that with camptothecin and persists significantly longer
after removal of drug from cell culture medium [7]. The
activity of edotecarin does not appear to be cell-cycle
dependent. In vitro edotecarin has demonstrated a wide
spectrumt of activity against human cancer cell lines [7]
and is active in vivoe against a variety of human and
murine tumor-derived xenografts as well as experi-
mental liver metastases [10, 11]. Preclinical studies in
animal species have shown that edotecarin is largely
eliminated as unchanged parenl drug via biliary
excrelion (unpublished Banyu data), in marked con-
trast to the camptothecin analog, irinotecan, which is
characterized by & very complex disposition and met-
abolic pathways. In vitro studies showed that edotec-
arin was not metabolized by liver microsomes or by

HO;H3

Fig. 1 Structure of edotecarin, an indolocarbazole.
weight: 608.56 Da

Molecular

hepatocytes from bumans or several animal species
{(unpublished Banyu data). The unique in vitro and in
vivo pharmacological profile of edotecarin relative to
other topo 1 inhibitors makes this compound a
poientially useful antineoplastic agent.

When this study was initiated in Japan, edotecarin
had been previcusly investigated in 2 Phase I studies in
the USA. In the first [12], edotecarin was administered
as a 2h IV infusion once every 21 days (with an
additional week permitted for recovery to =grade |
toxicity, if necessary) at doses of 6, 8, 1I, 13 and
15 mg/m?. Nausea, vomiting, headache, fatigue, febrile
neutr opema and mneuvtropenia were dose-limiting at
15 mg/m®. Treatment could be administered repeatedly
for 2 or more courses in 24 of 29 patients (83%). One
patient with metastatic bladder cancer had a confirmed
partial respomse of lomg duration and 12 patients
showed stabilization of disease. In the second study
[13], edotecarin was admunistered as a 11 IV infusion
twice-weekly (om days I, 4, 8, and 11) in cycles of at
least 28 days at doses of 2, 4, 5.5, and 7.5 mg/m*/day.
Mucositis, neutropenia and thrombocytopenia were
dose-limiting at 7.5 mg/m?/day. Only two patients re-
cerved treatment beyond cycle 2.

Based on these results, this Phase I study was de-
signed to evaluate ascending doses of edotecarin
administered by 2 h 1V infusion every 21 days. A more
sensitive assay was utilized in this study compared to
the earlier study, of similar design, conducted in the
USA. Objectives of the study were to determine the
MTD (where the MTD is the maximum dose admin-
istered) and ihe dose to be recommended in future
Phase II studies, and to assess its safety, pharmacoki-
netic profile, and the preliminary antitumeor activity in
a population of Japanese patients with advanced solid
tumors.

Patients and methosds
Patients

Japanese patients with histologically or cytologically
confirmed evaluable malignant solid tumers refractory to
conventional chemotherapy or tumors for which no
effective therapy existed were candidates for this study.
Inclusion crteria also included the following: age
20 years; Eastern Cooperative Oncology Group
(ECOG) performance status 0, 1, or 2; life expectan cy
212 weeks; absolute granu]ocyte count 21,500/mm°,

platelet count 2100 ,000/mm?, hemoglobin 29 g/di, and
serum creatinine < 1.5 mg/dl Additional entry criteria
were serum total bilirubin within the normal limit and
serum AST, ALT, and alkaline phosphatase less than
twice the upper limit of normal. A 4-week interval was
required for chemotherapy, radiation therapy, or immu-
notherapy treatments (6-week interval for patients
previously treated with mitomycin C or nitrosoureas).
A 2-week interval after major surgery was required.



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 a gents; or
who had received prior radiation therapy to 20% greater
of bone marrow; or who had received a bone marrow stem
cell iransplant, were excluded from the study.

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

Dosage and dose escalation

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

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 patients 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-
limiting toxicity (DLT), then three additional patients
were ireated 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 al the next higher dose. If at least two
patients 1m the cohort experienced DLT, that dose
leve] 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 evi-
dence of disease progression could receive up to four
courses of edotecarin at the dose originally assigned.
No intrapatient dose escalation was permitted. 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 o 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 National Cancer Institute
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-
cepl mausea, 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
antibictic or antifungal treatment based on fever of
238.0°C, or that persisted 25 days; grade 4 leukopenia
that persisted 25 days; or failure of granulocyte and
platelet counts to return to 21,500/mm? and =100,000;
i, respectively, within 28 days after edotecarin
administration.

Supportive care

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

Patient evaluation

Patients were evaluated 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 performance status and mea-
surement of palpable tumors, were done on days 8 and
15. During the second and the subsequent cycles, viial
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 I, 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
Pharmacokineric analysis

Pharmacokinetic studies were performed during the first
cycle of treatment. On day 1, blood samples (6 m] 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, 10 and 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 liguid 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 (1 ml)
were mixed with 0.1 m] of 10% acetonitrile, 0.1 ml of
the internal standard (1 pg/ml) in 10% acetonitrile, and
1 ml of 50 mM, pH 7.0 phosphate buffer and applied to
pre-washed BondElut cariridges. The cartridges were
then washed with 1 ml 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 mi
of 60% methanol followed by centrifugation to elute the
retained compounds of interest. Eluates were dried un-
der a nitrogen stream, reconstituted in 0.1 mL of mobile
phase, and transferred to Ultrafree MC (0.2 ym) cen-
trifugal filter umils. The S$lter 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 S-5 pm, 4.6 mm IDx250 mm column
with a Capcell C18 UGI120, 4 mm 1Dx10 mm guard
cartridge (source of columns was Shiseido, Tokyo)
eluted with water/acetonitrile/methanol/trifluoroacetate
{TFA) (67/18/15/0.1) flowing at 1.0 ml/min. The uitra-
violet absorbance of the effluent was monitored at
334 nm. Linearity was demonstrated over the range of
1-500 ng/ml. Assays of qualily control samples {each
assay 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 ngfml in 1 assay run. The lower
limit of quantitation (LL.OQ) was 1.0 ng/ml. The inter-
day and intraday coeflicients of variation for plasma are
2.0~5.9% and 2.0~4.0%, respectively.

Extraction and chremaiography of urine samples was
carried out with slight meoedifications of the plasma
method. The urine volume assayed was 0.1 ml, which
was mixed with 0.1 m] of 10% acetrenitrile, 0.1 ml of
2 pg/ml internal standard in i10% acetonitrile, and

0.2 ml of mM phosphate buffer, pH 7.0. Extraction was
carried out using pre-washed BondElut CN columns.
The mobile phase consisted of acetonitrile/water/TFA
(75/25/0.1) flowing at 0.8 m)/min. The absorbance of the
effluent was monitored at 430 nm. LLOQ was 50 ng/ml.
Performance of the uxine 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 freezefihaw, 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 i while in the aunto-
sampler during the assays.

Statistical analysis

Noncompartmental pharmacokinetic parameters were
computed using WmNonfin, version 3.1 software
(Pharsight Corperation, Mountam View, CA, USA)
[15]. An apparent terminal half-life (z,,;) was calculated
from plasma concentrations observed at §, 10, and 24 h
after the end of the infusion. Dose proportionality was
analyzed by means of a power model: AUC.. = 4 %
dose® and Cy = 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 Cp,ax versus dose
and 95% confidence limits on computed parameters B
and D were computed using GraphPad 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 enrelled 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 meoest commen tumer 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 Patient characteristics

Number enrolied 214
Age (years)
Median 56
Range 33-72
Male:female (no. of patients) 16:8
ECOG performance status (no. of patients)
0
1
Tumeor type (no. of patients)
Lung
Colorectal
Uterine sarcoma
Gastric
Bile duct
Primary unknown
Other
FPrior treatment
Chemotherapy
No. of prior regimens {no. of patients)
]
]
2
3
4
Median {(no. of regimens)
Surgery (no. of patients)
Radiation therapy {(no. of patients)
Chemotherapy + radiation therapy (nc. of patients)

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

Dose escalation and identification of DLT, MTD,
and the recommended Phase 11 dose

At the initial dose of & mg/m?, no patient experienced
DLT. At the next dose of 11 mg/m?® 1 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 neutropenia, and constipation in | 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 granulocytopenia 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 1I studies with an admin-
istration every 21 days (with an additional week per-
mitted for recovery from toxicities, if needed).

Non-hematologic ioxicity

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 lo 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 II 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 tyeatment
cycles, number of patients with
dosing interval extensions and

Edotecarin dose (mg/ni?)

reasons for treatment 8 1 13 15
discontinuation
Number of patients 3 6 9 &
Median number of treatment cycles (range) 3(1-4)  2(i1-4)y 2(1-6) 1(1-3)
Dose delay
Number of patients (number of days in dosing interval) 0 1 {45) 2(31-34) 0
Reasons for treatment discontinuation
Progressive disease 1 3 4 1
Further treatment effect not expected 2 2 3 2
DLT ] 1 ] 2
Adverse events other than DLT 0 0 i 0
Prohibited concomitant therapy 0 0 0 1
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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 (mg/m?) All doses (N=24)
§(N=3) 11 (N=6) 13 (N=9) 15 (N=6)
Anorexia 12 3 (100%) 6 (100%) 7 {(78%) 4 (67%) 20 (83%)
3/4 0 0 0 0 0
Nausea 12 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 (6693 5 (56%) 4 (67%) 16 (67%)
3/4 0 0 0 0 |
Constipation 112 1(33%) 1 (17%) 6 (67%) 3 (50%) 11 (46%)
3/4 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 vear-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
jesions were in the field of radiation therapy, and radi-
ation pneumonilis was diagnosed. However, the rapid
onsel of pnewmonitis after edotecarin infusion suggested
a recall phenomenon induced by edotecarin and the
evenl was judged to be possibly related to the study
treatment.

Hematologic texicity

Neutropenia/granulocytopenia, leukopemia, anenua,
and lymphocytopenia were the most common (occur-
rence in 250% of all patients ireated at the 3 highest
dose levels) hematologic toxicities reported during the
first cycle (Table 4). Neutropenia was the principal he-
matelogic toxicity in this study and granulocytopenia
was dose-limiting 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 21 days after edotecarin
infosion at 8 and 15 mg/m>, but had not recovered by
day 22 in 1 patient at 11 mg/m® and in 4 patients at
13 mg/m*. However, by day 26 after edotecarin infusion.
granulocyte counts were within normal limits in all pa-
tients. Given this frequent and severe neutropenia, G-
CSF support was provided during cycle 1 in 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 in 15 (65%) patients during the first cycle of
therapy, and was observed 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. Thrombocyiopenia was noi
reported in this study. The numbers of patients with
abnormal laboratory values did not tend to increase
with increasing couvrses of treatment, snggesting 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 ocomred in 250% of patients at each of the three highest dose levels during cycle 1

Adverse evenl Grade Dose, mg/fm> All doses (N=23)
8 (N=3) 11 (N=6) 13 (N=9) 15 (N=5)

Neutropenia 1/2 1(33%) 0 0 0 1 {4%)
3/4 1 (33%) 6 (100%) % (100%) 6 (100%) 22 (52%)

Granulocytopenia 12 1 (33%) 0 0 1 (17%}) 2 (8%)
34 1(33%) 6 (100%) & (100%) 5 (83%} 21 (88%)

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

Anermnia 172 3 (100%) 4 (67%) 5 (56%) 4 (67%) 16 (67%)
3/4 0 0 0 0 0

Lymphocytopenia 1/2 1 (33%) 4 (67%) 4 {44%) 2 (33%) 11 {46%)
34 0 ] 1{11%) 2 (33%) 3 (13%)




Table 5 Granulocytopenia during cycle 1
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Dase . No. of Nadir Days 1o Days to recovery
(mg/m™) patients (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%) © 2,103 (550-993) 18 (14-21) 1 7 0 -
11 6 0 0 2(33%) 4(67%) 440(150-923) 14 (11-16} 6 7(3-12) © -
13 9 0 0 4 (44%) 5(56%) 480 (46-912) 14 (9-21y 7 7(2-13) 2 5 (4-5)
13 6 0 1(17%)  2(33%) 3{50%) 529(88-1,017y 11(11-14y 4 507 1 5
G-CSF granulocyte colony-stimulating factor
“Expressed as median {range)
Table 6 Pharmacokinetic parameters in cycle 1 (mean £ SD)
Dose R No.of  Chuxs AUCp2en, AUC.. Percentage  CL 32 () FFgs (/m?) 48-h urinary
{mg/m-) patients® (ng/ml) (ng h/ml) (ng h/m}) of area recovery (%)
extrapolated ml/min/m®  mljmin
2 57%£17° 132,192 330,198 42,23 404, 673 735,1043  45.5,29.0 972,715  14+£33F
1 5 86£10% 21138 29454 25+8 624+114  962+£287 26.0+3.3 670x277 3627
13 9 103+£17  262%43 330%44 1946 657+ 88 11544138 229221 569+£256 25+38
5 113£17° 26956  352%62 205 7114123 10574190 202+£).6 561258 1.8:3.4°

Cinex, Maximum plasma concentration; AUC area under the plasma concentration-time curve; CL clearance; 1,2, apparent terminal half-

life; I, steady-state volume of distribution
N=3
PN=6

“As drug concentrations were below the detectable range at one or more time points beyond the § h afier the administration, some

parameters are not available for all patients

at the start of the infusion and dropped sharpily at dis-
continuation of the infusion (Fig. 2), reaching levels of
1-2 ngfm] at the last sampling point.

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

Peak plasma concentrations of edotecarin and AUC,.
26p increased with increasing dose (Fig. 3). Power model
fitting to AUC... and C,,.. vs dose data suggested that
Cmax 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 (1,,,) 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 Jower iimit of quantification of 1 ng/ml;
consequently, values of #,, AUC,..., and CL were not
calculated in these patients. The mean apparent ), 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 AUCy... CL, and 1, values
should be considered preliminary until data are available

from trials measuring plasma levels through at least 3—4
times the apparent terminal 7;,.
Mean 48-h urinary excretion accounted for 1.4-3.6%
of the administered dose of edotecarin in the 4 cohorts.
Coefficient of interpatient variation in edotecarin
Ciax 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 pneu-
monitis and the disease had progressed 28 days later.
The second patient, who received 11 mg/m? had gastric
cancer with measurable metastatic lesions in the lung
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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 I clinical study was to
determine the MTD of single-agent edotecarin admin-
istered by I'V infusion over 2 h once every 21 days with
pre- and post-ireatmenl supportive medication (sleroids
and 5-HT; antagonists). The MTD was 15 mg/m? with
this schedule of administration. At this dose, hemato-
logic (nentropenia, {ebrile neuvtropenia) and non-hema-
tologic  (comstipation, ileuns, 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 11 studies, 9 patients were treated at 13 mg/m?
with supportive medication. Grade 4 granulocyiopenia,
lasting for 5 days or more, was observed m only 2 pa-
tients. Therefore this dose is recommended, with sup-
portive medication, for future Phase 11 studies. A similar
Phase 1 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 loxicities. Neutropenia was dose-dependent

Panel B
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Fig. 3 Peak plasma concentrations (Jef? panel) and AUC,.., values (right panel) as a function of dose in milligram in patients with

advanced solid tumors



but was not cycle-dependent. At the recommiended dose,
the median time to neutrophil nadir was 14 days with a
median rtecovery time of 7 days. This suggesis that
adnumistration 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 mosi 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 1]
trials of edotecarin [12, 13], constipation was not dose-
limiting. The reason for these discrepant observations is
unclear, but constipation is not infrequent in colorectal
cancer patients receiving chemotherapy. For instance,
the incidence of constipation in colorectal patients
treated with irinotecan single agent in second line
therapy is estimated between & and 10% [16]. Because
of the relatively high irequency 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 mnot
seen in this trial.

At the recommended dose, 1 patient, who had re-
ceived thoracic radiotherapy 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 fuiure 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, attammment of a steady state concentration
(Cs) would not be expected for a drug with the multi-
compartmental disposition behavior exhibited in Fig. 2.
In theory, an infusion duration of 34 times the appar-
ent terminal f;» 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/Cpyax, Where &g is
mfusion rate and Cp., is 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 11-135 mg/m?, Cpay
and AUC appeared to increase roughly linearly with
dose, and CL was not relatively changed. These resulis
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suggest that edotecarin exhibits linear pharmacokinetics
within 11-15 mg/m®.

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

The pharmacokinetic profile of edotecarin appears 1o
be simple with relatively litile interpatient variability
compared to that of irinotecan (a prodrug topo-I
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 § patienis 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 IT 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 attrac-
tive. Edotecarin is & 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
recepior)-targeted tyrosine kinase inhibitors. We reported pre-
viously that the in-frame 15-bp deleticnal mutation (delE746—
AT50 type deletion) was constitutively active in cells. 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 EGFR. Kinetic
studies, examining autophosphorylation, were carried out using
EGFR fractions extracted from 293-pA15 and 293-pEGFR cells
transfected with deletion mutant EGFR and wild-type EGFR

respectively, We dernonstrated the difference in activities between
unstimulated wild-type (K, for ATP =4.04+ 0.3 uM) and mutant
EGFR (K, for ATP =25+ 0.2 uM). There was no difference in
K. values between EGF-stimulated wild-type EGFR (K, for
ATP=1.910.1 M) and deletion mutant EGFR (K, for ATP =
2.240.2 uM). These results suggest 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, epidennal growth factor re-
ceptor (EGFR), gefitinib, kinase inhibition, tyrosine kinase.

INTRODUCTION

EGFR [EGF (epidenmal growth factor) receptor] is among the
most imporiant targets for lung cancer therapy, and many EGFR-
targeted inhibitors have been developed [1]. 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 clinically [3,4]. Recently, an EGFR mutation was found
in patients who responded to gefitinib, and mutant EGFR has
been reported to be a determinant of the response to EGFR
tyrosine kinase inhibitors {5,6). To date, over 30 EGFR mutations
including delE746-A750, L858R and dellL747-P753insS, have
been reported in lung cancer. These EGFR mutations, 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 1.858R and delL747-P753insS, although these mutant
‘BEGFRs 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 LS8R, raises the pos-
sibility of high affinity for ATP. We reported 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 EGFR 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
antophosphorylation 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 FIEK-293 (human embryonic kidney) cells. The auto-
phosphorylation assay reflects the native behaviour of EGFR in
maintaining cellular functions.

WATERIALS ANE METHODS

Reagents
Gefitinib {Iressz®, ZD1839) was provided by AstraZeneca.

Cell culture

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

Plasmid consiruction and transfection

Construction of the expression plasmid vector of wild-type EGFR
and the 15-bp deletion mutant EGFR (delE746-A750 type del-
gtion), 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 transfeciants were
selecled using Zeosin (Sigma). The stable transfectants (pooled
cultures) of the wild-type EGFR and its deletion mutant were
designated 293-pEGFR and 283-pA15 cells respectively.

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

growth factor-c.
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Immunobloiting

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

Determination of ligand secretion by ELISA

The 293-pAl5 and 293-pEGFR cells were cultured in 12-well
plates under serum-starvation conditions. The cell culture supes-
natant was collected for each cell line and stored at —80°C
for further analysis. Amounts of EGF and TGF-« (transforming
growth factor &) in the culture medium from each cell line were
determined with 2 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

Cultivated 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 inhibitor (Roche
Diagnostics} and phosphatase inhibitor (Sigma)]. For the prep-
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Figure 1

293-pA15

aration of gefitinib-treated cell lysates, cultivated cells were
starved in serum-free medium for 24 h, and were then pre-incub-
ated with 2 M gefitinib for 3 h. Either with or without EGF
stimulation (100 ng/ml), 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).

Autophosphaorylation assay

The amount of EGFR in 293-pA15 and 293-pEGFR cells was
determined by quantitative immunoassay (R&D Systems) accord-
ing to the manufacturer’s instructions. The autophosphorylation
assay was carried out with a quantitative immunoassay system.
Wells in a 96-well immunomodule (Nalge Nunc Intemational)
were incubated with 0.8 pg/m!l goat anti-(human EGFR) antibody
in PBS (provided with the EGFR quantitative immunoassay sys-
tem) 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 005%
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/well)
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 (0-32 uM
in SOmM 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,

293-pEGFR
EGF (min) EGF (min)
- 151020 M - 151020

293-pA15 293-pEGFR
gefitinib {(uM) gefitiniv (pM})
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70| p-EGFR  |mwimmwit s . | pEGFR
EGFR aceraegeEr | EGFR

Autophosphorylation reactions of deletion mutant EGFR and wild-type EGFR

{A) The 203-pA 15 and 283-pEGFR cells were Ireated with or without EGF (100 ng/ml) for 10 min after serum-starvalion. EGFR was exiracted from the cells and immobilized on wells wilh anli-EGFR
anlibody. Aulophosphorylation reactions weze initialed by the addition of ATP, and aulophosphorylation was detected using horseradish-peroxidase-conjugated phosphotyrosine antibody, measuring
the absorhance {optical density’) at 450 nm. Autoghosphorylaticn was seen for unstimulated (O) and EGF-stimulaled (#} delefion mutant EGFR, and unstimulated (A) and EGF-stimulated (&)
wild-type EGFR. Results are representative of 2 least three independent expariments. (B) The 253-pA15 and 293-pEGFR cells were treated with or without EGF (100 ng/ml) for the indicated times
ailer serum-starvalion. Phosphorylation of EGFR and tolal EGFR was determined by immunoblatiing. (C) The 203-pA15 and 293-pEGFR cells ware exposed lo gefitinib (0.002-2 ;M) for 3 h under
sesum-starvation corditions, and stimulated with EGF (100 ng/ml} for 10 min. The cells were Lhen lysed and subjected t¢ immunoblot analysis.
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TKI

Autophosphorylation Detection

Figare 2 Schemalic illusiration of the celi-hased aulophospharylation
assay

The 203-patS and the 283-pEGFR celis overexpressing delgtion mutant EGFR and wild-type
EGFR respectively were treated with 2 .M gefitinib for 3 h and stimulated with or withowt EGF
{100 ng/mi) under serum-siarvation canditions. EGF R was extracted from ¢eils and immobilized
onwelis with anti-EGFR anlibody. The astephosphorylation reaction was initiated by the addition
of ATP with or withoul gefitinib, and horseradish-peroxidase-conjugaled anfi-phosphotyrasine
anlibody was used lo detect the phosphorylalion of EGFR. TKI, tyrosine inase inhibilor.

horseradish-peroxidase-conjugated anti-phosphotyrosine  anti-
body, PY-99-HRP (0.4 ng/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 ul of
substrate (tetramethylbenzidine and H,O,) to each well. After
a 10 min incubation, the colour reaction was quenched by the
addition of 100 ul of 1M H,50,. The absorbance readings for
each well were determined at 450 nm with Delta-soft on an Apple
Macintosh computer interfaced 1o a Bio-Tek Microplate Reader
EL-340 (BioMetallics).

Data analysis

For kinetic analysis, an Eadie-Hofstee plot was applied for the
calculation of X, (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
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— K, and the x-intercept is V... The K, value was calculated as
follows:

K = (Ko x 0/ (Kpy — &) (1
in which K, is the Michaelis constant for ATP, K, is the
Michaelis constant for ATP in the presence of gefitinib and [1]
is the concentration of gefitinib. The statistical analysis was per-
formed using KaleidaGraph (Synergy Software).

RESULTS
Autophosphorylation of deletion mutant EGFR and wild-type EGFR

We performed the autophosphorylation assay and immunoblot
analysis wvsing lysates exiracted from 293-pAl5 and 293-
PEGER cells under unstimulated and EGF-stimulated conditions
(Figures 1A and 1B). 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 deteciable without ATP, and proceeded
in an ATP-dependent manner. In the EGF-stimulated case, wild-
type EGFR was phosphorylated io 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 avio-
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-293 cells
by ELISA. No detectable EGF and TGF-« secretion was ob-
served in the cultivation 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 unstimulated EGFR represents a
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Figure 3  Aulophosphorylation activities of deletion mutant EGFR and wild-type EGFR

Plots of absorbance (‘oplicat density’) against ATP concentralicn (inset) were fitted to an Eadie—Hofstee plot to calculate the valugs of kinetic parameters (K, and Vg ) for detetion mutant EGFR (A)
and wilc-lype EGFR (B) under unstimulated () and EGF-stimufaled condilions (@). Resulis are representative of at least three independent experiments with similar results.
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