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The association of UGT1A diplot

. UGT1A9-1A7-1A1diplotype . .
es with the reduced area under concentration curve ‘(AUC) ratio (SN-38G/SN-38) in 176 Japanese cancer

patients who received irinotecan. The whole gene (1A9-71A7-1A7) diplotypes are shown below the abscissa and the UGT1A1 diplotypes are
indicated in the upper part of the figure. Each point rxg)resems a patient value, and the median is indicated by a bar. Significant reductions in the AUC

ratio were detected in the B2/82, D2/At, and D1/

2 compared with A7/A7 for the whole gene diplotypes [Kruskal-Wallis test (P=0.0009)

followed by Dunnett’s multiﬁle comparison test]. As for the 7A7 diplotypes, significant reductions were detected in the *6/* 7, *6/*60, *6/6,

*28/*1, *28/*60, and *28

6 compared with the *7/*7 group {Kruskal~Wallis test (P<0.0001) followed by Dunnett's multiple comparison test].

Gene—dose effects on the reduced AUC ratio were significant for *6 and *28 (Jonckheere-Terpestra test). A significant additive effect of *6 on the

reduced AUC ratio by *28 was detected by comparing *28/*1 and *28/*6, *P<0.05 and ®P<0.01 against A1/A1
comparison test); °P<0.05, “P<0.01, and °P&<0.001 against the *1/*1 group {Dunnett's multiple comparison test

roup (Dunnett’s multiple
?; 'P<0.05, 8P<0.001, and

hp<0.0001 (Jonckheere—Terpestra test for gene-dose effect); 'P<0.01 (Wilcoxon test).

(= 0.1134). No significant effects on the AUC ratio were
observed for Block C (exon 2-5) haplotypes or rare variations
including 1410 (*27; *2, ot *3) and 149 (*5, *T11).

Multiple regression analysis of the area under
concentration curve ratio

We further assessed the impact of UGT/4 genetic factors
on the AUC ratio by multiple regression analysis. First, we
uscd the /49-147-141 and Block C haplotypes as genetic
factors. The AUC ratio was significantly associated with
the haplotypes B2, DI, and DZ and serum biochemistry
parameters indicating hepatic or renal function before
treatment. The Groups B and D haplotypes harbor /47*6
and *28, tespectively. The dependency on specific /47 or
749 polymorphisms, however, was not obtained, consider-
ing the contributions of both D7 and D2. As 147*6 and
*28 are mutually exclusive and their effects are compar-
able, we grouped 747%6 and *28 into the same category in

the final multiple regression model (Table 4). The final

model confirmed the significant contribution of this
genetic marker (¥6 or *28) to the AUC ratio.

Effects of the genetic marker ‘*6 or *28’ on pharmaco
kinetic parameters

Then, a dose effect of the genetic marker “*6 or *28
on pharmacokinetic parameters was further analyzed
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Table 3 AUC ratio of SN-38 glucuronide to SN-38 for UGTIA/
diplotypes

AUC ratio

Diplotype Number of Median Interquartile P-value®

patients range (vs. *1/%1)
*1/%1 65 6.13 4.72-7.79
*1/*60 25 5.04 3.85-6.52 0.9803
*60/*60 5 4.48 2.57-12.74 0.8141
*6/*1 32 4.03 2.74~-5.97 0.0126
*6/*60 9 2.84 2.09-4.33 0.0021
*6/*6 5 1.19 1.06-3.74 0.0012
*28/%1 26 3.65 2.76-5.21 0.0040
*28/%60 8 3.44 2.68~4.40 0.0261
*28/*6 7 2.03 1.65-3.26 <0.0001
*28/+28 4 3.65 2.05~4.92 0.2322

AUC, area under concentration curve.
“Dunnett's multiple comparison test.

(Fig. 3). Patients with onc haplotype harboring either
*6 or *28 (*6/*1, *6/*60, *28/*1, and *28/*60) had lower
SN-38G/SN-38 AUC ratios (median, 3.62; interquartile
range, 2.74-5.18) than patients without *6 or *28 (*1/*/,
*G0/*1, and *60/*60) (5.55, 4.13-7.26), and patients with
two haplotypes harboring *6 or *28 (*6/*6, *28/*28, and
*28/%6) had thc lowest AUC ratio (2.07, 1.45-3.62)
(P <0.0001, Fig. 3a). Similarly, the number of the *6
or *28-containing haplotypes affccted the AUC ratios of
SN-38 to irinotecan (Fig. 3b). When the corrclations
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between irinotecan dosage and the AUC of SN-38 were
tested, different correlations were obtained according to
the number of the haplotypes (Fig. 3c). The slope of
regression line for one and two haplotypes harboring *6 or
*28 was 1.4-fold and 2.4-fold greater, respectively, than
that for the diplotype without *6 or *26.

Associations of UGT1A1 genetic polymorphisms with
toxicities

Association between genetic polymorphisms and toxici-
ties was investigated in patients receiving irinotecan as a
single agent. One patient was referred to another hospital
3 days after the first administration of irinotecan without
evaluating toxicities and was lost in terms of follow-up.
Therefore, association between genetic polymorphisms
and toxicities was investigated in 55 patients. Six (11%)
and 14 (25%) patients cxperienced grade 3 or greater
diarrhea and neutropenia, respectively. As for the 749-
147-141 diplotypes, a higher incidence of grade 3 or
greater neutropenia was observed in DI/B2 (141¥26/*6)
(100%, » = 3} than in A1/A] (11.8%, n=17) (P = 0.0088,
Fisher’s exact test), indicating clinical impact of the
genetic marker 747*6 or *28. As for the dose effect of “*6
or *28, incidences of grade 3 or 4 neutropenia were 14,
24, and 80% for 0, 1, and 2 haplotypes harboring these
markers, respectively (Table 5). A significant association
between “*6 or *28"and neutropenia was also observed for
62 patients who received irinotecan in combination with
cisplatin (Table 5). No association, however, was observed
between diarrhea and the marker “*6 or *28'.

Multivariate analysis for irinotecan toxicities

We further evaluated the effect of the genetic marker “*¢
or *28 on ncutropenia in multivariatc analysis, and
confirmed a significant correlation of “*6 or *28 with
the nadir of absolute necutrophil counts (Table 6).
Elevated alkaline phosphatase levels and the absolute
neutrophil count at baseline were also significant.

Discussion
The association study with the /49-147-141 diplotypes
revealed that the reduction in inactivation of SN-38, as well

Table 4 Multiple regression analysis toward the AUC ratic
(SN-38G/SN-38)°

Variable Coeffi-  Fwalue Pvalue R? Intercept N
cient
0410 08869 176
*6 or *28 ~0.189 70.2 <0.0001
Age 0.005 8.88 0.0033
Serum albumin level® -0.136 0.92 0.0019
Serum GOT 0.070 8.88 0.0033
and ALP®
Serum creatinine® 0210 723 0.0079

ALP, atkafine phosphatase; AUC, area under concentration curve,

*The values after logarithmic conversion were used as an objective variable.
*The absolute value {g/dl) before irinotecan treatment.

“Grade 1 or greater scores in both serum GOT and ALP before irinotecan trealment.
“Grade 1 or greater scores in serum creatinine before irinotecan treatment.
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as neutropenia, was dependent on the Groups B and D
haplotypes which corresponded to the /476 and *28
segmental haplotypes. Also, multivariate analyses clearly
showed clinical significance of the genetic marker “*6 or *28’
for both pharmacokinetics and toxicity of irinotecan in
Japanese paticnts (Tables 3 and 6). UGTIA*6 and *28 were
mutually exclusive [14] and contributed to the reduction in
glucuronidation of SN-38 to the same extent. Therefore,
the activity of SN-38 glucuronidation in individuals
depended on the number of the haplotypes harboring *6
or *28. Although the role of 147*28 for irinotecan toxicity
has been focused on [8-12], this study strongly suggests
that *6 should be tested in addition to *28 before starting
chemotherapy with irinotecan in Japanese patients.

The clinical importance of *¢ for neutropenia by
irinotecan was also supported by a recent report in
Korean patients who reccived irinotecan and cisplatin [31].
Although no patients with irinotecan as a single agent were
homozygous for *¢ in our study, clinical significance of the
double heterozygote, *6/*28, was clearly demonstrated.
Among patients treated with irinotecan in combination
chemotherapy, the majority of patients rcceived platinum
agents in our study. A significant association of “*6 or *28
with a higher incidence of grade 3 or 4 neutropenia was also
observed in paticnts who received irinotecan and cisplatin
{Table 5). These findings further support the necessity of
testing “*6 or *28 before irinotecan is given to patients.

As possible enhancement of toxicities by the *27 allele was
suggested [8], we evaluated the ‘effect of the *28
haplotype, which had an additional single-nucleotide
polymorphism [*27; 686C > A(P229Q)] to the *28 allcle
(-40_-39%insTA). In our cohort of patients, there were three
*28 heterozygotes (*28:/*1) and one double heterozygote
(*28b6/*2&%). The values of the AUC ratio were within the
range of variations of the *28 group, and no additional
impact of *28¢ was observed in relation to toxicities.

Although the decreasing trend of the AUC ratio for
1471*60 (and combinatorial haplotype 3) was observed
(Fig. 2), the contribution of 747*60 to toxicities was not
clearly demonstrated in this study as reported in the
Japancse retrospective study [32].

In addition to UGT1ALl, recent studies have suggested
possible contributions of UGT1A7, 1A9, and 1A10 to SN-
38G formation [15-17]. An in-vitro study demonstrated
that JA7*3 {3877 > G(N129K), 391C > A(R131K),
622T > C(W208R}] had reduced activity in terms of
SN-38G formation [16]. Results of clinical studies,
however, on the association between 747 polymorphisms
and irinotecan toxicity/efficacy are inconsistent, whereas
different populations with different combination thera-
pies were used [19,20]. Furthermore, it was reported that
the UGTIA7 polymorphisms (*2 and *3), which were
linked to /49*1, were associated with a lowered incidence
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Effects of the genetic marker of UGTTAT *6 or *28' on the area under concentration curve (AUC) ratios of SN-38G/SN-38 (a) and SN-38/
irinotecan (b), and SN-38 by irinotecan dosage {c} in 176 Japanese cancer patients after irinotecan treatment.

Table 5 Association of UGT1A7*6 and *28 with irinotecan
toxicities

Table 6 Multiple regression analysis of $he nadir of absolute
neutrophil counts in the patients with irinotecan monotherapy

Diplotype Number of Diarrhea Neutropenia Variable Coeffi- Fvalue  P-value R? Intercept N
(+ =*6 or *28) patients (grade 3) (grade 3 or 4) cient
Irinotecan monotherapy 0.3942 643 53
-f=- pal 3 (14.3%)° 3 (14.3%) Serum ALP® -349.9 12.2 0.0010
+/- 29 2 (6.90%) 7 (24.19%) Neutrophil 0.2466 13.5 0.0008
++ 3 1 (20.0%) 4 (80.0%) count before
Prvalue® 0.8500 0.0117 irinotecan
P-valug® 0.3889 0.0124 treatment
With cisplatin *6or *28 ~369.1 6.40 0.0148
~/= 35 1 {2.9%) 20 (57.1%)
S/ 20 2 (10.0%) 14 (70.0%) *Grade 1 or greater scores of serum ALP before irinotecan treatment.
+/+ ? 1 {14.3%} 7 (100%)
P-value® 0.1747 0.0315 polymorphisms were found in Caucasians and Asians in an
P-value® 0.3886 0.0863

*Percentage of the patient number in each diplotype is indicated in parentheses.
Chi-squared test for trend.
Fisher's exact test, {-/- and +/~) vs. +/+.

of diarrthea in the irinotecan/capecitabine regimen, in
which diarrhea was a major toxicity [20]. A highly
frequent allele 749*22 with an insertion of T into the
nine Trepeats in the promoter region (-126_-118Ty > Tp)
was shown to have an enhanced promoter activity in an in-
vitro reporter assay [21], whereas 1A9 protein expression
levels did not change in the clinical samples [22]. Rare
variations, JA9*5 [766G > A(D256N)] and UGTIA10*3
[605C > T(T2021}}], were shown to cause reduced activity
n oitro, but their clinical importance is still unknown
{23,24]. Morcover, close linkages among 749, /A7, and 141
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ethnic-specific manner [20,25-28].

Our study also revealed close linkages between 749*22
and 147*1, 147*3 and 7141*6 or *28 [28]. This fact makes
it difficult to draw firm conclusions about the effects of
1A7*3 and 149*22 themselves. It is, however, reasonable
to conclude that the degree of neutropenia depends on
the activity of UGT1Al, because UGT1Al is a major
UGT1A enzyme in the liver and plays a primary role for
regulating plasma concentrations of SN-38.

Taken together, for practical application to individualized
irinotecan therapy, genotyping of UGTIAI*6 and *28
would be beneficial and necessary in Japanese cancer
patients to avoid severe adverse reactions. The frequency
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of homozygotes for “*6 or *28° (namely, *6/*6, *6/*28, and
*28/*28) is approximately 10%, which is comparable to
the frequency of *28 homozygotes in Caucasian popula-
tions. In our study, it may be difficult to establish definite
guidelines for dose reductions of irinotecan for patients
homozygous for “*6 or *28. Considering, however, 2.4-fold
steep relationship between the dose of irinotecan and the
AUC of SN-38 for paticnts homozygous for ‘“*6 or *28
compared with patients without **6 or *28 (Fig. 3c), the
dose for patients homozygous for “*6 or *2§ should be
reduced to a half of the dosage recommended for other
paticnts. Prospective studies are necessary to confirm the
validity of the recommendation for dose reduction in
Japanese cancer patients homozygous for *6 or *28".
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CAS PORT

Large Cell Neuroendocrine Carcinoma of the Mediastinum
with a-Fetoprotein Production

Ken Takezawa, MD,* Isamu Okamoto, MD, PhD,* Junya Fukuoka, MD, PhD,} Kaoru Tanaka, MD,*
Hiroyasu Kaneda, MD,* Hisao Uejima, MD,} Hyung-Eun Yoon, MD, PhD,}
Masami Imakita, MD, PhD,§ Masahiro Fukuoka, MD, PhD,* and Kazuhiko Nakagawa, MD, PhD*

Large cell neurcendocrine carcinoma (LCNEC) is a relatively new
category of pulmonary neuroendocrine tummor. Although it was first
detected in the lung, LCNEC has since been found in a variety of
extrapulmonary sites. We now describe a patient who was diagnosed
with LCNEC originating from the mediastinum, an extremely rare
disorder. An increased serum concentration of e-fetoprotein (AFP)
in the patient was reduced by chemotherapy in association with
tumor shrinkage. Furthermore, the tumor was confirmed immuno-
histochemically to produce AFP. To our knowledge, this is the first
report of a LCNEC that produces AFP.

Key Words: Large cell neuroendocrine carcinoma, a-Fetoprotein,
Mediastinal tumor.

(J Thorac Oncol. 2008;3: 187-189)

Large cell neuroendocrine carcinoma (LCNEC) is a high-
grade neuroendocrine tumor that was first detected in the
lung by Travis et al.! The prognosis of individuals with
LCNEC has been reported to be poor, with a S-year survival
rate similar to that for small cell carcinoma.2-¢ Although
originally found in the lung, LCNEC has since been described in
a variety of extrapulmonary locations.>~7 Among these locations,
mediastinal LCNEC is extremely rare, with only a few cases
having been reported.8? We now report the first case of medi-
astinal LCNEC with a-fetoprotein (AFP) production.

CASE REPORT

A previously healthy 35-year-old Japanese man was
found to have an abnormal mass in his right mediastinum on
a chest radiograph during a heaith checkup. The patient’s
general condition was fair, and symptoms such as chest pain,
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weight loss, or fever were not noted. He was a current
smoker, having smoked 20 cigarettes a day for 15 years.
Computed tomography imaging of the chest revealed a 65 X
50 mm mass in the middle mediastinum (Figure 14). Serum
laboratory data were within normal limits. A bronchoscopic
examination revealed a compression against the outside of the
trachea. No other organs appeared to be affected on extensive
examination. Subsequent evaluation for serum tumor markers
revealed an increased level of AFP. Other examined markers,
including B-human chorionic gonadotropin, carcinoembry-
onic antigen, and CA19-9, were within normal limits. Tho-
racoscopic examination revealed that the tumor was not
invading into the adjacent lung. On the basis of these find-
ings, we considered the tumor fo have originated from the
middle mediastinum. A biopsy revealed pootly differentiated
carcinoma with neuroendocrine features. Thymic neuroendo-
crine carcinoma is exclusively located in the anterior-superior
mediastinum.! Given the tumor’s location, the increase in the
serum concentration of AFP, and the patient’s young age, the
diagnosis of embryonal carcinomarwas initially favored over
purely neuroendocrine neoplasm. The patient received neo-
adjuvant chemotherapy with bleomycin (30 mg/body) on
days 2, 9, and 16, etoposide (100 mg/m?) on days 1 to 5, and
cisplatin (20 mg/m?) on days 1 to 5. Treatment cycles were
repeated every 21 days for 4 cycles. The serum AFP level had
decreased to within normal limits in association' with shrink-
age of the tumor by the end of the third cycle of chemother-
apy (Figure 1B, E). However, the AFP concentration started
to increase thereafter, and progression of the tumor was
confirmed after the fourth cycle of chemotherapy (Figure 1C,
E). The patient then received second-line chemotherapy with
cisplatin (80 mg/m?) on day 1 and paclitaxel (200 mg/m?) on
day 1 every 21 days for three cycles before surgery. The
serum AFP level again decreased in association with tumor
shrinkage (Figure 1D, E). Eight months after initial detection
of the tumor, the patient underwent a tumorectomy combined
with right upper lobectomy and tracheoplasty, given that the
tumor was found to invade the adjacent right upper lope and
trachea at the time of surgery. Histopathologic examination
of the surgical specimen revealed a solid tumor nest with
massive necrosis. The tumor was relatively homogeneous
throughout the resection, showing sheets of cells w_lth a high
nucleus-to-cytoplasm ratio. High-power magnification of the
tumor revealed that the tumor cells manifested marked neu-
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FIGURE 1. Chest computed
tomography (CT) findings and
serum AFP levels in the patient.
A-D, Chest CT findings. A mass
in the middle mediastinum was
initially detected (A). The tumor
had shrunk after three cycles of
neoadjuvant chemotherapy (8),
but its progression had resumed
after the fourth cycle (C). The
tumor shrank again in response

to second-line chemotherapy E
(D). E, Time course of the serum
concentration of AFP. The AFP 50

level was inifially increased, it
decreased to within normal lim-
its (dotted fine) in association

40

AFP (ng/ml)
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roendocrine features, such as frequent rosette structures and
trabecular arrangements,‘nuclear moldings, and prominent
mitoses (Figure 24, B). The tumor cells also had abundant
nucleoli. Immunohistochemical analysis showed the tumor
celis to be diffusely positive for CK7 and neuroendocrine
markers including CD56, chromogranin A (Figure 2C), and
synaptophysin as well as negative for CD5, CD30, human
chorionic gonadotropin, placental alkaline phosphatase, he-
patocyte antigen, and thyroid transcription factor-1. No re-

FIGURE 2. Histology and immunochistochem-
ical analysis of the tumor specimen obtained at
surgery. A, Hematoxylin-eosin staining revealed
solid tumor nests with areas of necrosis (arrow
heads). Note the homogeneous appearance of
the tumor. 8, High-power magnification of the
tumor stained as in (A), showing numerous
rosettes (asterisk), abundant cytoplasm, chro-
matin clearing with occasionally prominent nu-
cleoli, nuclear molding (arrows), and frequent
mitosis (arrow heads). C, Immunohistochemical
staining for chromogranin A revealed diffuse
and intense cytoplasmic staining. D, Immuno-
histochemical staining for AFP, showing a focus
of tumnor cells positive for AFP (arrows). Scate
bars: 1 mm, 50 p.
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gions of the specimen showed features of a germ cell tumor
or hepatoid carcinoma. On the basis of the morphology and
staining characteristics of the fumor, a pathologic diagnosis
of LCNEC was made. A small number of tumor ceils showed
subtle but unequivocal positive staining for AFP (Figure 2D).
Thoracic radiotherapy was not able to be given because the
patient suffered from thoracic empyema after surgery. De-
spite intensive chemotherapy, he died of extensive recurrence
of carcinoma 4 months after the surgery.

Copyright © 2008 by the International Association for the Study of Lung Cancer
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Large Cell Neusoendocrine Carcinoma

. DISCUSSION

LCNEC is a relatively new category of pulmonary
neuroendocrine tumor, with affected individuals reported to
have a prognosis intermediate between those with atypical
carcinoid lung cancer and those with small cell lung cancer.'
Recent clinical studies indicate a 5-year survival rate of 27 to
67% even if patients are at pathologic stage 1.2-4 Since its
original detection in the lung, LCNEC has been found in a
variety of extrapulmonary locations including gastrointestinal
sites and the uterine cervix.>” The present case was identified
as LCNEC originating in the mediastinum. Given the age of
the patient and the tumor location, a diagnosis of embryonal
carcinoma was initially considered, but no morphologic or
immunohistochemical features indicative of embryonal car-
cinoma were found on extensive pathologic analysis of the
surgical specimen. Primary mediastinal LCNEC is an ex-
tremely rare disorder and has been described in only a few
case reports to date.8-°

In the present case, the increased serum AFP level
decreased in association with tumor shrinkage in response to
chemotherapy, and the tumor was confirmed immunohisto-
chemically to produce AFP. AFP is the main component of
fetal serum in mammals. It is synthesized by visceral
endoderm of the yolk sac and fetal liver, but expression of the
AFP gene is greatly reduced at the time of birth. AFP-
producing carcinoma has been recognized for decades and
reported in various locations including the lung and medias-
tinum.!! In contrast to the present case, however, most can-
cers that produce AFP show morphologic features similar to
hepatocellular carcinoma. With regard to neuroendocrine
tumors, some case reports indicate that small cell carcinoma
can also produce AFP.1213 As far as we are aware, however,
the present case is the first reporied example of LCNEC
producing AFP. Given that the concept of LCNEC is rela-
tively new, this may not be that surprising, and previous
reports of small cell carcinoma may actually have been
diagnosed as LCNEC today. Our case raises the possibility
that the origin of mediastinal neuroendocrine tumors includ-

ing LCNEC may be mediastinal primordial germ cells. Ex-
amination of germ cell tumor markers in neuroendocrine
tumors may shed light on this matter.
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Matuzumab and cetuximab activate the epidermal growth factor receptor but fail
to trigger downstream signaling by Akt or Erk
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Molecular inhibition of the epidermal growth factor receptor
(EGFR) is a promising anticancer strategy, and imonaoclonal antj-
bodies (inAbs) to EGFR are undergoing extensive evaluation in
preclinical and clinical trials. However, the effects of anti-EGFR
tnAbs on EGFR signaling have remained unclear. We have now
examined the cffects of 2 anti-EGFR mAbs, matuzumab
(EMD72000) and cetuximab (Erbitux), both of which are cur-
rently under assessment for treatment of various cancers, on
EGFR signal transduction and cell survival in nonsmall cell lung
cancer cell lines. Simitar to EGF, matuzumab and cetuximab cach
induced ptosphorylation of EGFR at several tyrosine phosphoryl-
ation sites as a result of receptor dimerization and activation of
the receptor tyrosine kinase. In contrast to the effects of EGF,
however, EGFR activation induced by these antibodies was not
accompanicd by receptor turnover or by activation of downstream
signaling pathways that are mediated by Akt and Erk and are im-
portant for regulation of cell proliferation and survival. In addi-
tion, clonogenic survival assays revealed that matuzumab and
cetuximab reduced the survival rate of H292 cells, in which they
also inhibited the EGF-induced activation of Akt and Erk,
Although we have examined only a few cell lines, our results indi-
cate that the antitumor effects of matuzumab and cetuximab
depend on inhibition of EGFR downstream signaling mediated by
Akt or Erk rather than on inhibition of EGFR itself.

¢ 2007 Wiley-Liss, Inc.

Key words: EGF receptor: signal transduction; matizumab: cetuximab:;
nonsmall ccl lung cancer

The cpidermal growth factor receptor (EGFER, also known as
ErbB 1), a member of the ErbB tamily of receptor tyrosine kinases,
is a 170-kDa plasma membrane glycoprotein composed of an
cxtracellular ligand binding domain, a transmembrane region and
an intracellular tyrosine kinase domain with a regulatory COOH-
terminal scgment,” Binding of ligand to EGFR induces receptor
dimerization, activation of the rcceptor kinase and autophospho-
ryiation of spemﬁc lyrosme residues within the COOH-terminal
region of the protein.' These events trigger mtrdcellular signaling
pathways that promote ccll prolifcration and survival.

EGFR is frequently overexpressed in many types of human
malignancy, with the extenl of overexpression being negatively
correlated with prognosis.*® Recognition of the role of EGFR in
carcinogenesis has prompted the dcvclopmcm of EGFR-targeted
therapies that include both small-molecule tyrosine kinase inhibi-
tors (TKIs) that target the intracellular tyrosine kinase domain and
monoclonal dnnbndles (mAbs) that target the extraceliular do-
main.** Among EGFR-TKIs, gefitinib and erlotinib have been
extensively evaluated in nonsmall celf lung cancer (NSCLC), and
sensitivity to these drugs has been correlated with the presence of
somatic mutations in ‘he EGI-R kinase domain or with EGFR gene
(EGFR) amplification.>™® Among ami-EGFR mAbs, cetuximab
(Erbitux), a chimeric mouse-human antibody of the immunoglobu-
lin (Ig) G1 subclass, has proved cfficacious in the treatment of iri-
unotecan-refractory colon cancer'’ and was recently upproved by
the U.S. Food and Drug Administration for the treatment of patients
with head and neck squamous cell carcinoma.”™ Several clinical
studics of anti-EGFR mAbs such as matuzamab (EMD72000,
humanized [gGl) and tctuxnmab arc ongoing for other types of can-
cer including NSCLC."*?* Anti-EGFR mAbs bind to the extracel-
lular ligand binding domain of the receptor and are thereby thought
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to block ligand binding.'® The antitusor effects of these mAbs
arc thus thought to be attributable to inhibition of EGFR signaling
aswellasto othcr mechanisms such as antibody-dependent cclular
cytotoxicity.'*2* However, the detailed effects of anti-EGFR mAbs
on EGFR signaling have remained unclear. -

We have now examined in detaif the effects on EGFR signal
transduction of 2 anti-EGFR mAbs, matuzumab and cetuximab,
both of which are used clinically, to provide insight into the mech-
anisms of their antitumor effects.

Material and methods
Cell culture and reagents

The human NSCLC ceil lines NCI-11292 (H292), NCI-H460
(H460) and Ma-1 were obtained as previously described®' and
were cultured under a humidified atmosphere of 5% CO; a1 37°C
in RPMI 1640 medium (Sigma, St. Louis, MO) supplemented with
10% fetal bovine serum. Matuzumab and cetuximab were kindly
provided by Mcrck KGaA (Darmstadt, Germany) and Bristol
Myers (New York, NY), respectively; gefitinib was obtained from
AstraZeneca {Macclesfield, UK); and trastuzumab (Herceptin;
Genentech, South San Francisco, CA) was obtained trom Chugai
(Tokyo, Japan). Neutralizing antibodies to EGFR (clone LAI)
were obtained from Upstate Biotechnology (Lake Placid, NY).

Immunoblot analysis

Cell lysates were fractionated by SDS-polyacrylamide gel elec-
trophoresis on a 7.5% gel, and the separated proteins were (rans-
ferred to a nitrocellulose membranc. After blocking of nonspecific
sites, the membrane was incubated consecutively with primary and
secondary antibodies, and immunc complexes were detected with
the use of enhanced chemiluminescence reagents, as described pre-
viousty M Primary antibodies to the specific intracellular phospho-
rylation sites of EGFR (pY845, pY 1068 or pY1173), to Etk, to
phospho-Akt and 1o Akt were obtained from Cell Signaling Tech-
nology (Beverly, MA); those to the extracellular domain of EGFR
(clone 31G7) were from Zymed (South San Francisco, CA); thosc
to the intraceltular domain of EGFR (EGFR {00S5) and to phospho-
Erk were from Santa Cruz Biotechnology (Santa Cruz, CA); and
those to B-actin (loading control) were from Sigma. Horseradish
peroxidase-conjugated goat antibodics to mousc or rabbit IgG were
obtained from Amersham Biosciences (Little Chalfont, UK).

Chemical cross-linking assay

Cells wete incubated first with | mM bIS(SulfOSUClemldyl) su-
berate (BS Pierce, Rockford, IL) for 20 min at 4°C and then with

Abbreviations: EGFR. epidermal geowth factor receptor: TKI, tyrosine
kinase inhibitor; mAb, nmnoclonal 1nubody NSCLC. nonsmalt cell lung
cancer; Ig. immunoglobutin; BS®, bis(sulfosuccinimidy!) suberate: PE, R-
phycoerythrin; P]%K phosphoinositide 3-kinase.
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Ficure 1 — EGFR phosphorylation induced by matuzumab or cetuximab as a resuit of receptor dimerization and activation of the receptor ty-
rosine kinase. («) H292 cells were deprived of serum overnight and then incubated for 1§ min in the abseace (Controt) or presence of matuzu-
mab (200 nM), celuximab (100 nM). neutralizing antibodics to EGFR (80 nM). teastuzumab (50 nM) or EGF (100 ng/ml}. Cell lysates were
subjected to immunoblot analysis with antibodies 1o the Y 1068-phosphorylated form of EGFR (pY1068) and to total EGFR (the extracellular
domain). (h) H292 or H460 cells were deprived of serum overnight and then incubated for 15 min in the absence or presence of matuzamab
(200 nM), cetuximab (100 nM) or EGF (100 ng/ml). Cell lysates were subjected to immunoblot analysis with antibodies to the Y845-, Y1068-
or Y1 173-phosphorylated forms of EGFR and to total EGER (the extracelluiar domain). (¢) H292 cells were deprived of serum ovemnight and
then incubated for 15 min in the absence or presence of matuzumab (200 nM), cetuximab (100 nM), EGF (100 ng/ml) or gefitinib (10 pM), as
indicated. Cell lysates were subjected 10 immunoblot analysis with antibodies to the Y [068-phosphorylated form of EGFR and 1o total EGFR
(the extracellular domain). (d) H292 cells were deprived of scrum ovemnight and then incubated for 15 min in the absence or presence of matuzu-
mab (200 nM), cetuximab (100 nM), neutralizing antibodies to EGFR (R0 nM) or EGF (100 ng/m!). The cells were then washed and cxposcd to
the chemical cross-linker BS? after which cell lysates were subjected to immunablot analysis with antibodics to EGFR (the intracellular do-
main). The positions of EGFR monomers and dimers as well as of molecular size standards are indicated.

250 mM glycine for 3 min at 4°C 10 terminate the cross-linking  Immunofluorescence analysis

reaction, as described previously.*' Cell lysates were resolved by Cells were grown to 50% confluence in 2-welt Lab-Tec Chuam-
SDS-polyacrylamide gel clectrophoresis on a 4% gel and sub-  ber Slides (Nunc, Napervitle, TL), deprived of serum overnight,
jected to immunoblot analysis with rabbit polyclonal antibodies o and then incubated with 200 nM matuzumab or EGF (100 ng/ml)
the intracellular domain of EGFR (EGFR 1005). for 4 thr at 37°C. They were fixed with 4% paraformaldehyde for
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30 min at 4°C, permeabilized with 0.1% Triton X-100 for 10 min,
and exposed to 5% nonfat dried milk for | hr at room temperature.
The cells were stained with rabbit polyclonal antibodies to the in-
tracellular domain of EGFR (EGFR 1005) for 1 hr at room tem-
perature and then incubated for an additional 45 min with Alexa
488-fabeled goat antibodies 1o rabbit 1gG (Molecular Probes,
Eugene, OR). Cell nuclei were counterstained for 5 min at room tem-
perature with 4’.G-diamidino-2-phenylindole (Sigma) at 2 pg/ml.
The chamber slides were mounted in fluorescence mounting
medium (DakoCytomation, Hamburg, Germany), and fluores-
cence signals were visualized with a fluorescence microscope
(Eclipse E800; Nikon, Kawasaki, Japan). Negative controls (sec-
ondary antibodies alone) did not yield any substantial background
staining.

Flow cytometry

Cells were deprived of scrum overnight and then incubated with
200 nM matuzumab or EGF (100 ng/mi) for 4 he at 37°C. They
were isolatied by exposure to trypsin, and aliquots of ~1.0 X 10°
cells were incubated for 2 hr at 4°C cither with an R-phycoerythrin
(PE)-conjugated mousc mAb to EGFR (clone EGFR.I; Becton
Dickinson, San Jose, CA), which does not interfere with the bind-
ing of EGF 10 EGFR,* or with a PE-conjugated isotype-matched
control mAb (Becton Dickinson). The cells were then examined
by flow cytometry (FACScalibur, Becton Dickinson) to detect the
intensity of EGFR staining at the cell surface.

Clonogenic assay

Cells were plated in triplicate a1 a deasity of 200 per 25-cm?
flask containing 10 ml of medium and were cultured for 7 days in
the presence of the indicated concentrations of matuzumab or
cetuximab. They were then incubated in medivm alone for 7 days
at 37°C, fixed with methanol:acetic acid (10:[, v/v), and stained
with crystal violet. Colonies containing >50 cells were counted
for calculation of the surviving fraction as follows: (mean number
of colonies)/{number of inoculated cells X plating efficiency).
Plating cfficicncy was defined as the mean number of colonies
divided by the number of inoculated cells for uatreated controls.

Resuits

Matuzimaly and cetuximab induce EGFR phosphorylation.in a
manner dependent on the receplor ivrosine kinase activity

With the use of immunoblot analysis, we first examined the
cffects of the anti-EGFR mAbs matuzumab and cetuximab on
EGFR phosphorylation in human NSCLC H292 cells, which
express wild-type EGFR. lacubation of the serum-deprived cells
for 15 min with EGF, matuzumab or cetuximab-induced phospho-
rylation of EGFR on tyrosine-1068 (Y 1068), whereas treatment of
the cells with neutralizing antibodies to EGFR or with trastuzu-
mab, a mAb specific for HER2 (ErbB2), had no such cffect (Fig.
la). Furthermore, like EGF, matuzumab and cetuximab each
induced phosphorylation of EGFR on Y845, Y1068 and Y173 in
H292 and H460 cells (Fig. 1h). the latter of which are also human
NSCLC cells that express wild-type EGFR.

To determine whether the aatibody-induced phosphorylation of
EGFR requires the kinase activity of the receplor. we examined
the effect of gefitinib, a specific EGFR-TKI. H292 cells were
deprived of serum and then exposed (o matuzumab, cetuximab or
EGF for 15 min in the absence or presence of gefitinib. EGFR
phosphorylation on Y 1068 induced by EGF, matuzumab or cetuxi-
mab was completely blocked by gefitinib (Fig. 1¢). These findings
thus indicated that, like EGF, matuzumab and cetuximab cach
induce EGFR phosphorylation by activating the tyrosine kinase of
the receptor.

Matuzumab and cetiximabh indiuce EGFR dimerization

Ligand-dependent EGFR dimerizatigg is responsible for activa-
tion of the receptor tyrosine kinase.*>* To examine whether
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Fisuge 2 - Failure of mawzamab or cetuximab to activate Akt or
Erk. H292 or H460 cells were deprived of serum overight and then
incubated for 1§ min in the absence or presence of matuzumab
(200 nM). cetuximab (100 nM) or EGF (100 ng/mi). Cell lysates were
subjected to immunoblot analysis with antibodics to the Y1068-phos-
phorylated form of EGFR. to phosphorylated Akt and to phosphoryl-
ated Erk as well as with antibodies to total EGFR (the extracellular
domain}. Akt or Erk.

matuzumab or cetuximab induces EGFR dimerization, we incu-
bated scrum-deprived H292 cells with the mADs for 15 min and
then exposed the cells to the chemical cross-linker BS®. Immuno-
blot anatysis of ccll lysates with antibodics to the intraceflular do-
main of EGFR revealed that matuzumab and cetuximab ecach
induced EGFR dimerization to an extent similar to that observed
with EGF. whereas only the monomeric form of the receptor was
detected in control cells or in cells treated with neutralizing anti-
bodies to EGFR {Fig. 1d). These duta thus suggested that matuzu-
mab and cetuximab activate EGFR through induction of receptor
dimerization.

Matuzumab and cetuximab fail to induce signaling
downstream of EGFR

EGFR signaling is transduced by 2 main pathways mediated by
phosphoinosi&ide 3-kinuse (PI3K) and Akt and by Ras, Raf and
Erk.*** To determine whether EGFR phosphorylation induced by
matuzumab or cetuximab is accompanied by activation of these
pathways, we examined the levels of phosphorylated (activated)
Akt and Erk in H292 and H460 cells treatcd with these antibodies
for {3 min after serwm deprivation. In contrast to the effects of
EGF, ncither matuzumab nor cetuximab induced the phosphoryla-
tion of Akt or Erk in H292 or H460 cells (Fig. 2). These results
thus indicuted that matuzumab and cetuximab induce EGFR acti-
vation but fail 1o activate the downstream Akt and Erk signaling
pathways.

Matizumab and ceruximab do not induce EGFR downregulation

Endocytic trafficking of EGFR is important for full activation
of Erk and PI3K.*7 To cxamine further the defect in signaling
downstream of EGFR activation by matuzumab or cetuximab, we
detenmined the cffects of these mAbs on receptor tumover. 292
or H460 cclls were deprived of serum and then cultured with EGF,
matuzumab or cetuximab for various times up to 24 hr, after
which the levels of phosphorylated and total EGFR, Akt and Erk
were measured. Tn both H292 and H460 cells treated with EGF,
the amount of total EGFR decreased in & time-dependent manner
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Freure 3 — Lack of EGFR tumover in cells treated with matuzumab or cetuximab. (o) 1292 cells were deprived of serum ovemnight and then
incubated for the indicated times in the presence of EGF (100 ng/mti), matuzumab (200 nM) or cetuximab (100 nM), respectively. Cell lysates
were subjected to immunoblot analysis with antibodies to phosphorylated forms of EGFR (pY 1068), Akt or Erk as well as with those to total
EGFR (the extracellular domain), Akt or Erk. (h) H292 cells deprived of seram overnight were incubated for the indicated times in the presence
of EGF (100 ng/ml), matuzumab (200 nM) or cetuximab (100 aM). Cell lysates were subjected to immunoblot analysis with antibodies to
the Y 1068-phosphorylated form of EGFR, 10 total EGFR (the intracellular domain) or to B-actin (toading control). (¢) H460 cells deprived of se-
rum avernight were incubated for the indicated times in the presence of EGF (100 ng/ml), matuzamab (200 nM) or cetuximab (100 nM), after
which cell lysates were subjected to immunoblot analysis with antibodies to phosphorylated forms of EGFR (pY1068), Akt or Erk as well as
with those to total EGFR (the intracellular domain), Akt or Erk, (/) H292 cclis plated on chamber slides were deprived of serum overnight and
then incubated for 4 hr in the absence or presence of matuzumab (200 nM) or EGF (100 ng/ml). The cells were fixed, pcmu.«lbnlucd and stained
with antibodies to EGFR and Alexa 488-labeled secondary antibodies (green). Cell nuclei were counterstained with 4! 6-diamidino-2-phenylin-
dole (blue). Ftuorescence signals were visualized with a fluorescence microscope, and the merged images are shown.. Scale bar, 20 pm. (¢) 11292
cells were deprived of scrum avernight and then incubated for 4 hr in the absence or presence of matuzumab (200 nM) or EGF (100 ng/ml). The
cells were stained with either a PE-conjugated mAb to EGFR (right peaks) or a PE-labcled isotype-matched mAb (left peaks) and analyzed by
flow cytometry. Representative histograms of relative cefl number versus PE fluorescence are shown.

(Figs. 3a-3¢), an effect that has been <hown to be the result of re-  able by 4-6 hr (Figs. 3¢—~3¢). The phosphorylation of Akt and Erk
ceptor internalization and degradation.”™ In parallel with this  induced by EGF persisted for at least 12 hr but had declined by
EGFR downregularion, the exrent of EGF-induced tyrosine phos- 24 hr in both cell lines (Figs. 3¢ and 3¢). Tn contrast, the levels of
phorylation of EGFR also decreased and was virtually undetect-  phosphorylated and total EGFR in H292 cells treated with
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" Control

FiGURE 3 —

matuzumab or cetuximab for 24 hr were similar to thosc apparent
after exposure to the antiboedies for only 1S or 30 min (Figs. 3a and
3h). A marked delay in EGFR (umover was also apparent in H460
cells treated with matuzumab or cetuximab (Fig. 3¢), although
EGFR dephosphorylation and downregulation had occurred by 24
lr. Neither matuzumab nor cetuximab induced the activation of
Akt or Erk or affected the total amounts of these proteins over a pe-
riod of 24 hr in either cell line (Figs. 3u and 3¢). We eliminated the
possibility that the antibodies to the extracellular domain of EGFR
used for the immunoblot analysis shown in Figure 3a bind only to
the unoccupied form of EGFR (as a result of competition with
EGF, matuzumab or cetuximab) by performing the immunoblot
analysis shown in Figures 3h and 3¢ with anmtibodies to the intracel-
lular domain of EGFR. These resufts thus suggested that downregu-
lation of EGFR is impaired in cells treated with matuzumab or
cetuximab, likely explaining the failure of these antibodies to acti-
vate downstream signaling by Akt and Erk.

To coofirm that the inability of the anti-EGFR mAbs 1o induce
EGFR downregulation is attributable 1o a failure to induce inter-
nalization-dependent receptor degradation, we treated serum-
deprived H292 cells with matuzumab or EGF for 4 hr and then
examined the expression of EGFR by immunofiuorescence analy-
sis (Fig. 3d) or flow cytomeury (Fig. 3¢). Whercas EGFR was
localized at the cell surface in conirol cells, treatment with EGF
resulted in internalization and a decrease in the fluorescence inten-
sity of EGFR. In contrast, EGFR remained at the surface of cells

CONTINUED

TABLE I - CHARACTERISTICS OF NSCLC CELL LINES

Cell line EGFR mutation EGFR copy number
H292 - Wild type Polysomy

H460 Wild type Manosonmy

Ma-1 del E746-A750

Gene amplification

treated with matuzumab. These data suggested that, in contrast to
EGF-EGFR complexcs, antibody-EGFR complexes remain at the
cell surface and do not undergo internatization and degradation.

Effects of matuzumab and cetuximab on EGF-induced signaling
and cell survival

We next determined whether matuzumab or cctuximab inhibits
ligand-dependent EGFR signal transduction. To cxamine also
whether the effects of these antibodies are dependent on EGFR
status, we studied 3 human NSCLC cell lines: 2 cell lines (H292,
H460) that possess wild-type EGFR alleles and t (Ma-1) with an
EGFR mutation in exon 19 that results in deletion of the residues
E746~A750. Our recent fluorescence in situ hybridization analy-
sis™ revealed that EGFR copy number is increased (polysomy) in
H292 cells and that H460 cells exhibit monosomy for EGFR. Ma-
I cells were also found to manifest EGFR amplification (Table
D% We treated serum-deprived cells of the 3 NSCLC lines with
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FiGure 4 — Effects of matuzomab and cctuximab on EGF-induced EGFR signaling. H292 (a), H460 (h) and Ma-1 (¢) cells were deprived of
scrum overnight and then incubated first for |5 min in the absence or presence of matuzumab (200 nM), cetuximab (100 aM) or gefitinib
(10 uM) and then for an additional 15 min in the additionat absence or presence of EGF (100 ng/ml). Cell lysates were subjected to immunablot
analysis with antibodies to phosphorylated forms of EGFR (pY 1068), Akt or Erk as well as with thosc to total EGFR (the extracellular domain),

- Akt or Erk.
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Fiouke, 5 — Effects of matuzumab and cetuximab on cefl survival, H202, H460 or Ma-1 cells were plated at a density of 200 cells per 25-cm®
flask in triplicate and cultured for 7 days in the presence of the indicated concentrations of matuzumab or cetuximab. They were then incubated
with medium alone for 7 days before determination of the number of colonies containing >50 cells for caiculation of the surviving fraction.
Data are means of triplicates from a representative experiment. #p < 0.001 versas the corresponding value for cells not exposed to mAb (Sw-

dent’s £-test).

matuzumab, cetuximab or gefitinib for 15 min and then stimulated
them with EGF for 15 min, Gefitinib prevented the phosphoryla-
tion of EGFR, Akt, and Erk induced by EGF in H292 (Fig. 4a)
and H460 (Fig. 4b) cells. The level of EGFR phosphorylation in
EGF-treated H292 or H460 cells was not substantially affecied by
matuzumab or celuximab, likely because these antibodies also
induce EGFR phosphorylation. However, whereas matuzumab
and cetuximab did not substantially affect EGF-dependent phos-
phorylation of Akt or Erk in H460 cells, they markedly inhibited
these effects of EGE in H292 cells. As we showed previously,'
EGFR, Akt, and Erk are constitutively activated in the EGFR mu-
tant cell line Ma-1 cell (Fig. 4c). Furthcrmore, whereas gefitinib
blocked the phosphorylation of each of these 3 proteins in Ma-|
cells, matuzumab and cetuximab did not.

Finally, we performed a clonogenic assay lo determine whether
cell survival is affected by the differences in EGF-dependent sig-
naling among H292, H460 and Ma-1 cells after treatment with
matuzumab or cetuximab (Fig. 5). Matuzumab and cctuximab
cach induccd a marked reduction in the survival rate of H292
cells, consistent with the inhibition of EGF-dependent EGFR
downstrcam signaling by these antibodies in these cells. In con-
trast, neither mAb affected the survival of H460 or Ma-1 cells.
consistent with the lack of inhibition of EGF-dependent or consti-
tutive EGFR downstream signaling by matuzumab or cctuximab
in these cell lines. Thesc results suggested that the effects of matu-
zumab and cctuximab on EGF-dependemt or constitutive EGFR
downstream signaling ure correlated with their effects on ceil sur-
vival in NSCLC cell lines.
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Discussion

The cffectivencss of treatment with anti-EGFR mAbs has been
thought to be based on prevention of ligand binding 1o EGFR and
conscquent inhibition of EGFR activation.'®*5%* Matuzumab and
cetuximab have recently been developed as EGFR-inhibitory
mAbs for clinical use.! 72225 A structural study revealed that cetux-
imab binds to the cxtracellular ligand binding domain (domain IT1)
of EGFR,* and matuzumab is also thought to bind to domain [l on
the basis of its observed competition with EGFR ligands.'® We
have now shown that matuzumab aud cetuximab induced phospho-
rylation of EGFR at several sites, including Y845, Y1068 and
Y1173, These findings arc consistent with previous observations
that mAb 225, the mouse mAb cquivalent to cetuximab, is able to
induce EGFR dimerization and activation.*> Cetuximab was also
recently shown to induce phosphorylation of EGFR in head and

. A 29 .

neck squamous cell carcinoma cell lines™ as well as in NSCLC celi
lines including H292.*" These in vitro results appear to contradict
observations that matuzumab and cetuximab inhibit EGFR phos-
phorylation in vivo.”**'** This upparent discrepancy may be due
to the morc complex cellular environment in vivo, including the
presence of stromal cells thai interact with tumor cells, We have
also now shown that gefitinib, a specific EGFR-TKI, completely
blocked EGFR phosphorylation induced by matuzumab or cetuxi-
mab, confirming that this clfect of the antibodies is dependent on
the intrinsic tyrosinc kinase activity of EGFR. Furthcrmore, our
cross-linking analysis showed that matuzumab as well as cetuxi-
mab activated EGFR through induction of receptor dimerization.
Although recent structural analysis has revealed that cetuximab
restricts the range of the exiended conformation of EGFR that is
required for ligand-induced receptor dimerization,”> matuzumab
and cetuximab likely induce EGFR dimerization in a manner de-
pendent on their immunologically bivalent binding capacities, us
was previously shown for mAb 225." We found that ncutralizing
untibodies (o EGFR did not uctivate EGFR, even though they also
recognize the external domain of EGFR and compete with EGFR
ligands for receptor binding.”* The neutralizing antibodies did not
induce EGFR dimerization, however, likely accounting for their
inability (o activate EGFR. This difference in the ability 1o induce
EGFR dimerization between matuzumab and cetuximab on the one
hand and the neutralizing antibodies on the other might be due to
differences in the corresponding binding sites on EGFR.

To examine the mechanism by which matuzumab and cetuxi-
maub exert antitumor effects despite their induction of EGFR acti-
vation, we investigated the cffects of antibody-induced EGFR
activation on EGFR downsiream signal transduction. We found
that EGFR activation induced by matuzumab or cetuximab was
not accompanied by activation of downstream signaling pathways
mediated by Akt and Erk, both of which play an important role in
regulation of ccll proliferation and survival.*** Marcover, we
found that the antibody-EGFR complexes were not removed from
the plasma membrane, in contrast to the rapid receptor wmover
induced by EGF. In response to ligand binding, the ligand-EGFR
complex is rapidly intemalized and then cither recycled back to
the cell surface or proteolytically degraded.***® The internalized
EGFR interacts with various signaling proteins that are important
tor sustained activation of the major signaling pathways mediated
by PI3K-Akt and Erk.***” The activity of the PI3K-Akt and Erk
pathways is thus greatly reduced in cells that are defective in inter-
nalization of ligand-EGFR complexes as a result of their expres-
sion of a mutant form of dynamin.*” Furthermore, expression in
glioblastoma cells of an EGFR chimeric protein that does not

YOSHIDA ET AL.

undergo internalization resufted both in a reduction in the extent
of EGFR-dependent activation of Akt and Erk as well as in inhibi-
tion of tumor growth.*® These observations thus suggest that inhi-
bition of EGFR wrmover by matuzumab or cetuximab is likely
responsible for the failure of these mAbs to activate Akt and Erk.

We examined the effects of matuzumab and cetuximab on
EGF-dependent EGFR signaling and on celf survival in 3 NSCLC -
cell lines of differing EGFR status, The inhibition of EGF-depend-
ent activation of Akt and Erk by these antibodies appeared retated
{0 the inhibition of clonogenic cell survival in the 3 cell lines.
With regard to NSCLC cell lines harboring wild-type EGFR
alleles. matuzumab and cectuximab markedly inhibited EGF-
dependent phosphorytation of Akt and Erk in H292 cells but not
in H460 cells. Both antibodies inhibited cell survival in H292 cells
but not in H460 cells. These resulis suggest that the antitumor
cffects of mamzumab and cctuximab depend on inhibition of
EGFR downstream signaling such as that medialed by Akt and
Erk rather than on inhibition of EGFR itself. Our present data are
consistent with previous observations that cetuximab did not in-
hibit EGFR pho%)horyla(ion completely cven in cells sensitive to
this antibady.?”* 1 is possible that the difference in sensitivity 1o
matuzumab and cetuximab between the 2 cell lines expressing
wild-type EGFR in the present study is due to the difference in
gene copy number, given that we found an increase in EGFR copy
number in H292 cells compared with that in H460 cells.** A previ-
ous clinical study showed that EGFR copy number correlated with
the response to cetuximab treatment in individuals with colorectal
cancer.*? EGFR copy number was not determined by fluorescence
in situ hybridization in previous clinical studics of NSCLC
patients treated with matuzumab or cetuximab.'®*>2* Several

- clinical studies of the therapeutic efficacy of anti-EGFR antibodies

in NSCLC patients are underway, and investigation of the poten-
tial of molecular markers including EGFR copy number to predict
clinical response is warranted. Matuzumab and cetuximab failed
to inhibit both activation of Akt and Erk and clonogenic cell sur-
vival in Ma-1 cclls, which express a mutant form of EGFR that
shows an increased sensitivity to EGFR-TKIs such as gefitinib and
erlotinib.”'"* We recently showed that celis cxpressing EGFR
mutants exhibil constitutive, ligand-independent receptor dimeri-
zation and activation,”" likely explaining the lack of effect of
matuzumab or cetuximab on EGFR signaling or cell survival in
such cells. However, previous studies showed that cetuximab
exerted an antitumor effect in a cell line with an EGFR mutation,
whereas scveral other cell lines with EGFR mutations were resist-
ant to cetuximab.”™*Y Our results are consistent with clinical
observations showing that the prescnce of an EGFR mutation is
not a major determinant of a positive response to cetuximab in
individuals with NSCLC or colorectal cancer,?230-?

In conclusion, we have shown that EGFR turnover is impaired in
cells treated with the anti-EGFR mAbs matuzumab or ccluximab,
resulting in inhibition of EGFR downstream signaling. Although
our study is limited by the small number of cell lines analyzed, our
findings provide important insight into the mechanisms by which
anti-EGFR mAbs cxert their antitumor cffects, and they suggest
that it may be possible to predict the therapeutic efficacy of such
mAbs by assessment of EGFR signal transduction.

Acknowledgements

The authors thank Ms. Erina Hatashita and Ms. Yuki Yamada
for technical assistance.

References

1. Carpenier G. Receptors for epidermal growth factor and other poly-
peptide mitogens. Annu Rev Biochem 1987;56:881-914.

2. Kiapper LN, Kirschbaum MH. Sela M. Yaricn Y. Biochemical and

clinical implications of the ErbB/HER signaling nctwork of growth

factor receptors. Adv Cancer Res 2000:77:25-79.

Di Marco E. Pierce JH. Fieming 'TP. Kraus MH, Molloy CJ, Aaronson
SA. Di Fiore PP. Autacrine interaction between TGF o and the EGF-

‘»

receptor: quantitative vequirements for induction of the malignant
phienotype. Oncogene 1989;4:831-8.

4. Gullick WJ. Prcvalence of aberrant expression of the epidermal growth
factor recepior in human cancers. Br Med Buli 1991;47:87-98.

5. Salomon DS, Brandt R. Ciacdiello F, Normanno N, Epidermal growth
factor-related peptides and their receptors in human malignancies.
Crit Rev Oncol Hematol 1995:19:183-232.

208



10.

20.

21,

22.

EFFECTS OF ANTI-EGFR mAbs ON EGFR SIGNALING

Euinger DS. Clinical implications of EGFR expression in the devel-
opment and progression of solid tumors: focus on non-small ccll tung
cancer. Oncalogist 2006: 1 1:358-73.

Harari PM. Epidermal growth factor receptor inhibilion strategics in
oncology. Endocr Relat Cancer 2004:1 1:689-708.

Mendelsohn J. Baselga J. Epidermal growth faclor receptor targeting
in cancer. Semin Oncal 2006:33:369-83.

Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA,
Brannigan BW, Harris PL, Haserlat SM. Supko JG, Haluska FG,
Louis DN. Christiani DC. ct al. Activaling mwtations in the cpider-
mal growth factor receptor underlying rcsponsivencss of non-
small-cell lung cancer to gefitinib. N Engl J Med 2004:350:2129-
39.

Pacz IG, Janue PA, Lee JC, Tracy S, Greulich H, Gabriel S, Hennan
P, Kaye FJ. Lindeman N, Boggon TJ, Naoki K, Sasaki H, et al. EGFR
mutations in lung cancer: corrclation with clinical response to gefiti-
nib therapy. Science 2004:304:1497-500.

. Pao W. Miller V, Zakowski M. Doheny J. Politi K. Sarkaria I. Singh

B. Heelan R, Rusch V, Fulton L. Mardis E. Kupfer D, et al. EGF re-
ceptor gene mutations are common in lung cancers from “never
smokers™ and arc associated with sensitivity of tmors 1o gefitinib
and erlotinib. Proc Natl Acad Sci USA 2004:101:13366-11.

. Mitsudomi T, Kosaka T, Endoh H, Horie Y. Hida T. Mori S. Hatooka

S. Shinoda M. Takahashi T. Yatabe Y. Mutations of the epidermal
growth factor receptar gene predict prolonged survival afier gefitinib
treatment in palients with non-small-cell lung cancer with postopera-
tive recurvence. J Clin Oncol 2005:23:2513-20.

. Takano T, Ohc Y, Sakamoto H. Tsuta K, Matsuno Y. Tateishi U.

Yamamoto S, Nokihara H, Yamamoto N, Sckinc I, Kunitoh H, Shi-
bata T, et al. Epidcrma) growth factor receptor gene mutations and
increased copy nuwmbers predict gefitinib sensitivity in paticnts with
recurrent non-small-cell lung cancer. § Clin Oncot 2003;23:6829-37.

. Cappuzzo F, Hirsch FR, Rossi E, Bartolini S, Ceresoli GL, Bemis L,

Haney J. Witta S, Dancnberg K. Domenichini 1, Ludovini V. Magrini
E, ctal -.pldcnnal growth factor receptor gene and protein and gefiti-
nib sensitivity in non-small-cell lung cancer. J Natl Cancer Inst
2005:97:643-55.

. Mirsch FR. Varella-Garcia M. McCoy J, West H. Xavier AC.

Gumerlock P. Bunn PA, Jr. Frankfin WA, Crowley J. Gandara DR.
Increased epidermal growth factor receptor gene copy number
deiccted by fluorescence in situ hybridization associates with
increased sensitivity to gefitinib in patients with bronchioloulveolae
carcinoma subtypes: a Southwest Oncology Group Siwudy. J Clin
Oncol 2005:23:6838—-45.

Tsao MS. Sakurada A, Cutz JC. Zhu CQ, Kamei-Reid S, Squire I.
Lorimer I, Zhang T. Liu N. Daneshmand M. Mamano P. da Cunha
Santos G. ct al. Erlotinib in lung cancer—molccular and clinical pre-
dictors of outcome. N Engl J Med 2005:353:133—44.

Cunningham D, Humblet Y, Sicna S, Khayat D, Bleiberg H, Santoro
A. Bets D, Mucser M, Harstrick A, Verslype C, Chau f, Van Cutsem
E. Cetuximab monothcrapy and cetuximab plus irinotecan in irinote-
can-refractary metastatic colorectal cancer. N Engl ¥ Med 2004;351:
337-45.

Astsaturov I, Cohen RB, Harari PM. EGFR-targeting monoclonal
antibodies in head and neck cancer. Cwr Cancer Drug Targets
2006;6:691-710.

Koltmannsberger C, Schittenhefm M. Honecker F. Tillner J. Weber
D. Oechsle K. Kanz L. Bokemeyer C. A phase I study of the human-
ized monaclonal anti-epidermal growth factor receptor (EGFR) anti-
body EMD 72000 (maiuzumab) in combination with paclitaxet in
patients with EGFR-positive advanced non-small-cell lung cancer
{NSCLC). Ann Oncol 2006:17:1007-13.

Sciden MV, Burris HA, Matulonis U, Hall JB, Armstrong DK. Spcyer
J. Weber JD. Muggia F. A phase IT trial of EMD72000 (matuzumab).
a humanized anti-EGFR monocional antibody. in patients with plati-
num-resistant ovarian and primary peritoncal malignancies. Gynccol
Oncol 2007:104:727-31.

Gracven U, Kremer B, Sudhotf T, Killing B, Rojo F, Weber D, Till-
ner J, Unal C, Schmicgel W. Phase 1 study of the humanised anti-
EGFR monoclonal antibody matuzamab (EMD 72000) combined
with gemeitabine in advanced pancreatic cancer. Br J Cancer
2006;94:1293-9.

Hanna N. Lilenbaum R. Ansari R, Lynch T. Govindan R, Janne
PA, Bonomi P. Phasc 1l trial of cetuximab in patients with previ-
ously treated non-smatl-cell tung cancer. J Clin Oncol 2006:24:
5253-8.

Thicnelt CD. Bunn PA. Jr. Hanna N. Roscnberg A, Needle MN.
Long ME, Gustatson DL, Kelly K. Multicenter phase I/{I study of
cctuximab with paclitaxel and carboplatin in untreated patients with
s)l‘;\gc IV non-small-ccit lung cancer. J Clin Oncol 2005:23:8786-
G

. Rabert F, Blumenschein G, Herbst RS, Fossella FV, Tseng J, Saleh

MN. Needie M. Phase I/ITa study of cetuximab with gemcitabine plus

31

33

40.

41,

43.

44,

209

1537

carboplatin in patients with chemotherapy-naive advanced non-small-
cell lung cancer. J Clin Oncol 2005;23:9089-96.

Li 8, Schmitz KR. Jetfrey PD. Wiltzius JJ, Kussic P, Ferguson KM,
Structural basis for inhibition of the cpidermal growih factor receptor
by cetuximab. Cancer Cell 2005;7:301-11.

. Adams GP. Weiner LM. Monocional antibody therapy of cancer. Nat

Biotechnol 2003:23:1147-57.

. Mukohara T. Engelman JA, Hanna NH. Yeap BY. Kobayashi S, Lin-

deman N, Halmos B, Pearlberg J, Tsuchihashi Z, Cantlcy 1.C. Tenen
DG, Johnson BE, et al. Differential effects of gefitinib and cetuximab
on non-smallcelt lung cancers bearing epidermal growth faclor recep-
tor mutations. J Natl Cancer Inst 2005 97:1185-94.

Percz-Torres M. Guix M, Gonzalez A, Arteaga CL. Eptdermal growth
factar receptor (EGFR) antibody down-regulaics mutant receptors and
inhibils tumors cXpressing EGFR  mutations. J Biol Chem
2006:281:40183-92.

Mandic R, Rodgarkia-Dara Cl. Zhu L, Folz BJ. Bette M, Weihe E,
Neubauver A, Wemer JA. Treatment of HNSCC ccli tines with the
EGFR-specific inhibitor cetuximab (Erbitux) results in paradox phos-
phorylation of tyrosine 1173 in the receptor. FEBS Leu
2006;580:4793-800.

Amann J. Kalyankrishna S, Massion PP, Ohim JE. Girard L. Shige-
matsu H, Peyton M. Juroske D. Huang Y. Stuart Salmon J. Kim YH.
Poltack JR. et al, Aberrant cpidermal growth factor receptor signaling
and cnhanced sensitivity to EGFR inhibitors in lung cancer. Cancer
Res 2005:65:226-35.

Okabe T, Okamolo 1, Tamwra K, Terashima M, Yoshida T, Saloh T,
Takada M, Fukuoka M. } Nukagawa K. Diffcrential constitutive activa-
tion of the cpidcrmal growth factor receptor (EGFR) in non-small cell
lung cancer ccells bcaring EGFR gene muation and amplification.
Cancer Res 2007:67:2046-53.

. Watcrficld MD, Mayes EL. Streobant P, Bennet PL, Young S. Good-

fetlow PN, Banting GS, Ozanne B. A monoclonal antibody to the
human  cpidennal  growth  factor veceptor. J  Celi Biochem
1982:20:149-61.

Ogiso H. Ishitani R, Nurcki Q. Fukai S, Yamanaka M. Kim JH. Saito
K, Sakamoto A. Inoue M, Shirouzu M, Yokoyama S. Crystal structure
of the complex of human cpidermal growth factor and receptor extrac-
ellular domains. Cell 2002:110:775-87.

Schiessinger J. Ligand-induced, receptor-mediated dimerization and
activation of EGF receptor. Cell 2002:110:669-72.

5. Scaltriti M. Basclga J. The epidermal growth factor receptor path-

way: a model for largcted therapy. Clin Cancer Res 2006;12:5268-
72

Normanno N. De Luca A. Bianco C. Strizzi L. Mancino M. Maiclio
MR. Carotenuto A, De Feo G, Caponigro F, Salomon DS. Epidermal
growth factor receptor (EGFR) signaling in cancer. Gene 2006:366:2-
16.

Vicira AV, Lamaze C, Schmid SL. Conirol of EGF receptor signaling
by clathrin-mediated endocytosis. Science 1996;274:2086-Y.

. Fan Z, Mendeisolm J, Masui H, Kumar R. Regulation of epidermal

growth factor receptor in NIH3T3/HER 14 cells by antiveceptor mono-
clonal antibodies. J Biol Chem 1993;268:21073-9.

Fan Z, Lu Y, Wu X, Mendelsohn J. Antibody-induced epidemal
growth factor receptor dimerization mediates inhibition of autacring
prolifcration of A431 squamous carcinoma cells. J Biel Chem
1994;269:27595-602.

Raben D, Helfrich B, Chan DC, Ciardicllo F. Zhao L, Franklin W,
Baron AE, Zeng C. Johnson TK, Bunn PA, Jr. The effects of cetuxi-
mab alone and in combination with radiation and/or chemotherapy in
lung cancer. Clin Cancer Res 2005:11:795-803.

Vanhoefer U. Tewes M, Rajn F. Dirsch Q, Schleucher N, Rosen O,
Tillner J, Kovar A, Braun AH, Trarbach T, Sccher S, Harstrick A,
ct al. Phase T study of the humanized anticpidermal growth fuctor
receptor monoclonal antibody EMI72000 in patients with advanced
solid tumors that express the epidermal growth factor receptor. J Clin,
Oncol 2004;22:175-84,

. Luo FR. Yang Z. Dong H. Camuso A. McGlinchey K. Fager K, Fle-

fich C, Kan D. Inige {. Castaneda S. Wong TW. Kramer RA. ct al.
Prediction of active drug plasma concentrations achieved in cancer
patients by phamiacodynamic biemarkers identificd from the gee
human colon carcinoma xcnograft wodel. Clin Cancer Res
2005;11:5558-65.

Johnson GR, Kannan B. Shoyab M. Stromberg K. Amphiregulin indu-
ces tyrosinc phosphorylation of the epidermal growth factor receptor
and pl8SerbB2. Evidence thuat amphiregulin acts exclusively through
the cpidermal growth factor receptor at the surface of human epithe-
lial cells. J Biol Chem 1993:268:2924-31.

Sorkin A, Von Zastrow M. Signal transduction and endocytosis:
close encounters of many kinds. Nat Rev Mol Cell Biol 2002;3:600~

. Sorkin A. Internalization of the epidermal growth factor receptor: role

in signalting. Biochem Soc Trans 2001:29:480-4.



1538
46.
47,

48.

Wiley HS. Burke PM. Regulation of receptor tyrosine kinase signal-
ing by cndocytic trafficking. Traffic 2001:2:12-18.

Wang Y. Pennock S. Chen X, Wang Z. Endosomat signaling of
epidermal growth fuctor receptor stimulates signal transduction
pathways leading to cell survival. Mol Cell Biol 2002:22:7279-
90.

Liu KJ. Chen CT. Hu WS, Hung YM, Hsu CY, Chuang BF, Juang
SH. Expression of cytoplasmic-domain substituted cpidermal growth
facior receptor inhibits tumorigenicity of EGFR-overexpressed human
clioblastoma mubkiforme. Tni J Oncol 2004;24:581-90.

49.

50.

Sl

210

YOSHIDA £1 AL

Moroni M, Veronese S. Benvenuti 8, Marrapese G. Sartore-Bianchi
A, Di Nicolantonio F, Gambacorta M, Siena S, Bardelli A. Geae copy
number for cpidermal growth factor receptor (EGFR) and clinical
response to EGFR treatment in colorectal cancer: a cohort study.
Lancet Oncol 2005:6:279-86.

Barber TD, Vogelsicin B, Kinzler KW, Veiculescu VE. Somatic
mutations of EGFR in colorectal cancers and glioblastomas. N Engl
T Med 2004:351:2883.

"Tsuchihashi Z, Khambata-Ford S. Hanna N, Jannc PA. Responsiveness to
cetuximab without mutations in EGFR. N Engl J Med 2005:353:208-9.



INTERNALZY MEDICINE

< [

“1 PICTURES IN CLINICAL MEDICINE

Metastatic Serous Adenocarcinoma Arising in the
Adnexa Uteri and Forming Pleural Cysts on the
Diaphragmatic Pleura
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Figure 1.

Left thoracoscopy showed a pleural cyst measuring 1.5cm in diameter (arrow) and ad-

jacent daughter cysts (arrowheads) on the diaphragmatic pleura.

(DOI: 10.2169/internalmedicine.46.6211)

A 74-year-old woman consulted our hospital complaining
of cough that had persisted for the previous 3 months. Chest
computed tomographic (CT) scan showed bilateral pleural
effusion without any pulmonary lesions. Pleural effusion cy-
tology showed adenocarcinoma. Barium enema, gastroduo-
denoscopy and abdominal CT did not demonstrate any ab-
‘normal findings. Serum CEA, NSE and CYFRA21-1 were

26.8 (cutoff: 5) ng/ml, 43.7 (cutoff: 10) ng/ml and 67.5 (cut-
off: 3.5) ng/ml, respectively. After removal of 1,500 ml of
pleural effusion, left thoracoscopy showed a few eccentric
pleural cysts on the diaphragmatic pleura (Fig. 1). No pleu-
ral nodule suggestive of malignancy was recognized. The
content of the cyst was clearly serous fluid. Pathologic ex-
amination of the cyst showed a small focus of adenocarci-
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Figure 2. A: Microscopically, the pleural cyst was unilocular. A small focus of adenocarcinoma
was recognized in the cyst wall (arrows). B: Most tumor cells had abundant clear or pale eosino-

philic cytoplasm, oval nuclei and inconspicuous nucleoli. Stain: hematoxylin and eosin; magnifica-

tion A: x2.5, B: x100.

noma (Fig. 2a, b). Immunohistochemical studies showed
that these carcinoma cells were positive for AE1/AE3,
EMA, CA125 and cytokeratin (CK)-7, but negative for
CEA, TTF-1 and CK-20. The tentative diagnosis was Stage
IV pulmonary adenocarcinoma. Systemic chemotherapy
achieved stable disease. Six months later, the patient under-
went surgery for right uterine adnexal tumor with diffuse
peritoneal dissemination. Pathologic examination of the re-
sected specimen demonstrated that the tumor was a poorly
differentiated serous adenocarcinoma arising in the right
adnexa uteri. Conclusively, we diagnosed pleural lesions as
distant metastases of uterine adnexal serous adenocarcinoma.
To our knowledge, the formation of these pleural cysts by

metastatic carcinoma has not yet been reported in the litera-
ture. We propose two possible explanations for cyst forma-
tion by metastatic lesions: 1) localized edema in the sub-
mesothelial space due to carcinomatous obstruction of su-
perficial vessels in the pleura caused pleural cysts; and 2)
metastatic cancer cells in the pleura produced serous fluid in
the submesothelial space and formed cystic lesions. The elu-
cidation of its etiology, however, requires the accumulation
of additional cases. Thoracic oncologists and pathologists
should be aware of the varied gross manifestations of metas-
tatic adenocarcinoma to the pleura and should bear in mind
the differential diagnoses of pleural cysts.

(© 2007 The Japanese Society of Internal Medicine
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Multicentre prospective phase Il trial of gefitinib for advanced
non-small cell lung cancer with epidermal growth factor receptor

mutations: results of the West Japan Thoracic Oncology Group
trial (WJTOG0403)
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The purpose of this study was to evaluate the efficacy of gefitinib and the feasibility of screening for epidermal growth factor receptor
(EGFR) mutations among select patients with advanced non-small cell lung cancer (NSCLC). Stage HIB/IV NSCLC, chemotherapy-
naive patients or patients with recurrences after up to two prior chemotherapy regimens were eligible. Direct sequencing using DNA
from tumour specimens was performed by a central laboratory to detect EGFR mutations. Patients harbouring EGFR mutations
received gefitinib. The primary study objective was response: the secondary objectives were toxicity, overall survival (OS),
progression-free survival (PFS), |-year survival (1Y-S) and the disease control rate (DCRY). Between March 2005 and January 2006, 118
patients were recruited from 15 institutions and were screened for EGFR mutations, which were detected in 32 patients — 28 of whom
were enrolled in the present study. The overall response rate was 75%, the DCR was 96% and the median PF'S was { 1.5 months. The
median OS has not yet been reached, and the Y-S was 79%. Thus, gefitinib chemotherapy in patients with advanced NSCLC
harbouring EGFR mutations was highly effective. This trial documents the feasibility of performing a multicentre phase il study using a
central typing laboratory. demonstrating the benefit to patients of selecting gefitinib treatment based on their EGFR mutation status.
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Gefitinib, a tyrosine kinase inhibitor (TKI), is an orally active
small molecule that functions as a selective epidermal
growth factor receptor (EGFR) inhibitor (Ranson et al, 2002).
Two phase Il trials (Fukuoka et al, 2003; Kris et al, 2003) for
previously treated non-small cell lung cancer (NSCLC) (IDEAL-1
and -2, respectively) have documented favourable objective
responses in 14-18% of patients. However, in a phase 1II
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trial (Thatcher et al, 2005), no survival benefit of gefitinib
was observed when compared with best-supportive care (BSC)
for previously treated NSCLC. In contrast, we have seen a
significant survival benefit of erlotinib compared with BSC
as a salvage therapy (BR21); erlotinib is also an EGFR-TKI
and its chemical structure, which is based on quinazoline, is
quite similar to that of gefitinib (Shepherd et al, 2005). Although
we do not know whether differences between gefitinib
and etlotinib were responsible for these different outcomes,
appropriate patient selection to identify good responders is
likely crucial for revealing the clinical benefits of the EGFR-TKI
family.
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Patient subset analyses of these randomised phase III trials or
retrospective trials (Kaneda et al, 2004; Miller et al, 2004) clearly
show the existence of populations that are more likely to respond
to gefitinib and erlotinib, including women, patients with
adenocarcinoma (especially with bronchial alveolar carcinoma
(BAC)), nonsmokers and Asian patients {compared with Cauca-
sians). Somatic mutations in specific regions of exons 18, 19 and 21
of the ATP-binding domain of EGFR have recently been shown to
have strong associations with sensitivity to gefitinib or erlotinib
(Lynch et al, 2004; Paez et al, 2004; Pao et al, 2004). Consistent
with these findings, the frequencies of these EGFR mutations were
higher in women, patients with adenocarcinoma, nonsmokers and
Asians, all of whom are among the more frequent responders, as
mentioned above (Shigematsu et al, 2005). There are two
characteristic types of EGFR mutations. One is the presence of
in-frame deletions, including the amino acids at codons 746 -750
in exon 19, and the other is an amino-acid substitution at codon
858 (L858R) in exon 21. Recent analyses (Bell ef al, 2005) of phase
II and II1 trials for EGFR-TKI, in which patients were not selected
based on their mutation status, have suggested that EGFR
mutations are correlated with response to therapy but are not
correlated with overall survival (OS). Furthermore, EGFR gene
amplification/copy number (Cappuzzo et al, 2005; Hirsch et al,
2005) or overexpression (Hirsch et al, 2003) has been shown to be
a more useful prognostic marker of response to gefitinib
treatment. Patient selection according to EGFR mutation status
may yield a superior survival rate by excluding patients who are
unlikely to respond to gefitinib treatment. However, other
populations that might obtain a clinical benefit from gefitinib
treatment, even in the absence of EGFR mutation, may exist.

Three Japanese groups (Asahina et al, 2006; Inoue et al, 2006;
Yoshida et al, 2007) have reported prospective phase Il studies of
gefitinib for advanced-stage NSCLC that were designed to consider
the EGFR mutation status of the patients. All of these studies have
reported a high response rate and extended progression-free
survival (PFS) period, compared with historical controls. However,
all of these studies had a relatively short observation period,
making the data preliminary. Moreover, the original sample size
was calculated after patient selection, and a critical consideration
of the suitability of the assay used to detect the mutations (which
was performed using small paraffin-embedded specimens obtained
from bronchoscopic biopsies), and the estimated EGFR-positive
rate were lacking. Additionally, all the trials were conducted at
single institutions located in one small area of Japan. Thus, the
published data may not be representative of the situation found in
general clinical practice throughout Japan and therefore may not
directly translate to the general feasibility of gefitinib treatment in
Japan.

In view of this situation, we performed a multicentre prospective
phase 11 trial of gefitinib for advanced NSCLC harbouring EGFR
mutations. We prospectively registered patients from 15 different
institutes in Japan at the beginning of EGFR mutation screening
using a central database. Whether or not tissue was available from
a bronchoscopic biopsy or surgery was not an inclusion criterion.
All the clinical samples from the registered patients were delivered
to a central laboratory that then determined the EGFR mutation
status or the histological BAC features. The analysis of the survival
data was based on a minimum observation period of at least 15
months from the time of entry of the last patient.

MATERIALS AND METHODS
Eligibility criteria

Eligible patients had histologically confirmed stage 11l NSCLC for
which thoracic irradiation was not indicated or were stage IV.
Chemotherapy-naive patients or those who had previously
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received up to two prior chemotherapy regimens, including
those performed in an adjuvant setting, were eligible. Other
eligibility criteria included an age 220 years, measurable
disease, the availability of sufficient amounts of tumour specimen
for EGFR mutation analysis, an Eastern Cooperative Oncology
Group performance status of 0-2, adequate organ
function (WBC<3000p17', platelets>75000 i7", AST and
ALT<1001TU1™", serum creatinine < twice the upper limit of the
reference range; P,o,> 60 mm Hg). The exclusion criteria included
pulmonary fibrosis, the presence of symptomatic brain metastasis,
active concomitant malignancy, severe heart disease, active
gastrointestinal bleeding and continuous diarrhoea. All the
patients signed a written informed consent form. Approval of this
study and the gene analyses were obtained from the Institutional
Review Board and the Ethics Committee of each hospital.

EGFR gene analysis

Tumour specimens were obtained using bronchial fiberscope or
surgical procedures. The specimens were fixed with formalin and
embedded in paraffin. Four slices (4-5pum) from the embedded
block were sent to a central laboratory (Mitsubishi Chemical Safety
Institute Ltd., Ibaraki, Japan) for genetic analysis. Most of the -
tumour specimens were available prior to the registration of this
study. Genomic DNA was isolated from specimens using QlAamp
Micro kits (QIAGEN KK, Tokyo, Japan). The EGFR mutations in
exons 18, 19 and 21, as previously reported {(Lynch et al, 2004; Paez
et al, 2004), were determined using polymerase chain reaction
(PCR) amplification and intron-exon boundary primers accord-
ing to the published method. An EGFR registrant mutation in exon
20, which was reported by Pao et al (2005) was also examined
using PCR and the previously reported primers. Polymerase chain
reaction was performed using a Gene Amp PCR System 9700
(Applied Biosystems, Foster City, CA, USA), and the PCR products
were confirmed using a Bioanalyzer 2100 (Agilent Technologies
Inc., Santa Clara, CA, USA), then sequenced directly using the Big
Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems)
and ABI PRISM 3100 (Applied Biosystems). All sequencing
reactions were performed in both forward and reverse directions
and were analysed using the Basic Local Alignment Search Tool
{BLAST); all the electropherograms were reanalysed by visual
inspection to check for mutations. The presence of an EGFR
mutation was confirmed using at least three independent PCR.
All sequence data were sent from the central laboratory to Kinki
University. A principle investigator then confirmed whether or not
the EGFR mutation status was positive, and the results were sent to
the West Japan Thoracic Oncology Group (WJTOG) data centre.
The data centre then informed each participating centre of the
results of the genetic analysis and requested that the eligibility
criteria of the patients be rechecked to insure that only EGFR-
positive subjects were registered in the trial. Each tumour was
categorised according to histology by a pulmonary pathologist
(JF). The percentage of area exhibiting a BAC pattern was also
examined to determine the WHO pathological category.

Treatment plan

Gefitinib (250 mgday™*) was administered once daily. Treatment
was continued uninterrupted until disease progression or intoler-
able toxicity (grade 4 nonhaematological toxicities, any incidents
of interstitial pneumonia or a treatment delay of more than 2
weeks because of adverse effects). Gefitinib administration was
delayed if the patient’s leukocyte and platelet counts were lower
than 1500 and 5000 1%, respectively, and was withheld until these
counts had recovered. Gefitinib administration was also delayed if
grade 3 or greater nonhaematological toxicities without nausea,
vomiting ot alopecia occurred and was withheld until recovery to
grade 2.
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