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Fig. 1. Kaplan-Mejer plot of progression-free survival (adenocarcinoma
versus nonadenocarcinoma histology).
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Fig. 2. Kaplan-Meier plot of progression-free survival (smoker versus
non-smoker).

and between non-smokers versus smokers (P <0.0001). Of
particular note, median OS of smokers was 12.3 months, and
non-smokers was 27.3 months. Two-year survival rates were 17%
and 52% in smokers and non-smokers, respectively (Figs 3,4).
To identify factors influencing OS in patients who received
second-line therapy (1 = 76), multivariate analysis was performed
with covariates including histology (adenocarcinoma versus
other), smoking history (non-smoker versus smoker), PS (0 versus
1), docetaxel (use versus non-use) and EGFR-TKI (use versus
non-use). The use of EGFR-TKI was identified as a significant
prognostic factor associated with longer OS, together with non-
smoking history and PS 0. The use of docetaxel was not associated
with an increase in OS in this study (Table 4). When interaction
terms between clinical variables and EGFR-TKI treatment were
included in the model, no significant interaction was detected
(P =0.354 and 0.515 for smoking history Xx EGFR-TKI and
histology x EGFR-TKI, respectively). In the exploratory Cox
analysis, prognostic advantage for non-smoking history and
adnocarcinoma histology was more prominent in patients who
received EGFR-TKI treatment after adjustment for PS, suggesting
a potential interaction between these favorable clinical variables
and EGFR-TKI treatment. Compared with smokers, hazard ratio
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Fig. 3. Kaplan-Meier plot of overall survival (adenocarcinoma versus
nonadenocarcinoma histology).
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Fig. 4. Kaplan-Meier plot of overall survival (smoker versus non-smoker).

Table 4. Cox regression analysis of prognostic factors for overall
survival after second-line treatment: a stepwise forward procedure

. P-value
Vi

Factor ariable HR (95% C1)
Histology Adenocarcinoma versus other 0.0639
Smoking Non-smoker versus smoker 0.0052

0.325 (0.148-0.715)
PS 0 versus 1 0.0258

(0.258-0.917}
Docetaxel — versus + 0.6720
EGFR-TKI -~ versus + 0.0084

2.844 (1.306-1.823)

Ps, performance status; EGFR-TK, epidermal growth factor receptor-
tyrosine kinase inhibitor; HR, hazard ratio; Ci, confidence interval.

of non-smokers with or without EGFR-TKI was 0.961 (95% CI,
0.209-4.420) and 0.193 (0.083-0.449), respectively. Likewise,
the hazard ratio of adenocarcinoma patients with or without
EGFR-TKI was 0.429 (0.138—1.334) and 0.387 (0.187-0.800),
respectively, compared with patients with other histologies.

doi: 10.1111/.1349-7006.2006.00373.x
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Table 5. Historical comparison of outcomes in our study and the
FACS study®

FACS™ (n = 145) This study (n = 98)

Response rate (%) 32 20
Median PFS (months) 45 4.8
Median QS (months) 123 16.5
1-year survival rate (%) 51 64
Second-line therapy, n (%) 87 (60) 76 (78)
Docetaxel 25 (\7) 42 (43)
EGFR-TKI 9 (6) 29' (30)
Other 58 (40) 5(5)

125 patients were treated with Gefitinib. FACS, Four-Arm Cooperative
Study; PFS, progression-free survival; EGFR-TKI, epidermal growth
factor receptor-tyrosine kinase inhibitor.

Discussion

Since the results of a large meta-analysis revealed that platinum-
based chemotherapy prolonged OS of patients with advanced
NSCLC compared with best supportive care (BSC)® this
therapy has been considered standard first-line treatment for
advanced NSCLC worldwide. Median OS with carboplatin/
paclitaxel — the most commonly used standard therapy outside
Japan ~ has been reported to be 8-14 months®'? similar to the
median OS (12.3 months) observed in the FACS trial conducted
in Japan.®¥

Comparison of outcomes following carboplatin/paclitaxel
treatment in our study with the results obtained with the same
regimen in the FACS study, showed there was little difference in
median PFS (4.8 versus 4.5 months), but median OS was approxi-
mately 4 months longer at our hospital (16.5 versus 12.3 months).
With the recent approval of EGFR-TKISs, the use of these agents
as second-line chemotherapy has increased since the FACS
study was performed (30% of patients in this study versus 6% of
patients in the FACS study) (Table 5). This observation suggests
that the better treatment outcomes obtained in our study com-
pared with those of FACS may be attributable to the effect of
anticancer agents used in second-line and subsequent treatment,
especially EFGR-TKI (gefitinib was used in most cases). In fact,
the result of subgroup analysis by patient demographics in our
study demonstrated a marked prolongation of OS for non-smokers
and patients with adenocarcinoma, both of which are known to
be factors associated with high responsiveness to EGFR-TKI.
Furthermore, the multivariate analysis in patients receiving
second-line treatment, revealed that EGFR-TKI use was an
independent prognostic factor.

Generally, the prolongation of OS is the ultimate goal of
anticancer therapy and an important clinical outcome in the
evaluation of the effect of first-line treatment for NSCLC. With
the emergence of potent anticancer agents in the second-line
setting, therapy administered after the occurrence of progressive
disease becomes a confounding factor in the interpretation of
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0S. To overcome this issue of confounding, there may be value
in using prolongation of PFS as the primary outcome of first~
line trials. Currently, the Food and Drug Administration (FDA)
requires an applicant to demonstrate prolonged survival as an
approval condition for new anticancer agents.”” However, the
European Agency for Evaluation of Medical Products (EMEA)
has accepted PES as the primary endpoint in some instances,
and our present study result supports this view.09

The results of the BR21 trial showed that erlotinib significantly
prolonged OS compared with placebo (6.7 versus 4.7 months,
hazard ratio [HR] =0.70). In the multivariate analysis, Asian
origin (P =0.01), adenocarcinoma histology (P = 0.004) and non-
smoking status (P = 0.048) correlated with prolonged OS.® In the
preplanned subgroup analysis in the ISEL trial, significantly
longer survival was seen with gefitinib compared with placebo
in patients of Asian origin (9.5 versus 5.5 months, HR = 0.66) and
never-smokers (8.9 versus 6.1 months, HR =0.67).” Although
these two studies did not include Japanese patients, the
findings might be extrapolated into Japanese populations.
Since the reports of Paez e al."® and Lynch er al.%” in April and
May 2004, respectively, numerous studies of EGFR mutations
have been conducted in a short period and studies conducted in
Japan have reported a good correlation between OS and EGFR
mutations in patients treated with gefitinib.®*® Moreover, the
incidence of EGFR mutations is more frequent in women, patients
with adenocarcinoma, never-smokers and Japanese patients!!6!7
suggesting that there is a correlation between clinical and mole-
cular factors and clinical benefit from EGFR-TKIs.

Although EGFR mutatjons are of interest as a biomarker that
can be predictive of the effect of gefitinib, especially in patients
of Asian or Japanese origin, their immediate clinical application
for patient selection is not always possible, due to issues includ-
ing method determination, cost and convenience. Correlation
between response to gefitinib and EGFR copy number deter-
mined by fluorescence in situ hybridization (FISH) has attracted
attention in the West as an alterative potential biomarker®"??
and this needs to be further investigated in Japan. Acknowledging
the need to pay close attention to future research trends, we believe
further discussion into how to select those patient populations
most likely to benefit from gefitinib in routine clinical practice
is required. It is important to establish whether patients could be
selected on the basis of biomarker data such as EGFR mutations,
or BEGFR over-expression, or clinical characteristics such as
histological subtype and smoking history. Nevertheless, selection
of appropriate patients for EGFR-TKI therapy is undoubtedly
necessary, and we hope that future research will be able to
identify possible methods as soon as possible. Once identi-
fied these will require validation in large-scale prospective
clinical studies. :

In conclusion, this retrospective study demonstrated a marked
prolongation of overall survival in patients with adenocarcinoma
and non-smoking history who received carboplatin/paclitaxel
as first-line treatment. Our study results suggest that the use of
EGFR-TKI (especially gefitinib) after first-line treatment may
be associated with an improvement in overall survival.
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CASE REPORT

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 neuroendocrine carcinoma {LCNEC) is a relatively new
category of pulmonary neuroendocrine tumor. 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 c-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)

.

Largc cell neuroendocnine 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 5-year survival
rate similar to that for small cell carcinoma.2-4 Although
otiginally found in the lung, LCNEC has since been described in
a variety of extrapulmonary locations.5-7 Among these locations,
mediastinal LCNEC is extremely rare, with only a few cases
having been reported.®? We now report the first case of medi-
astinal LCNEC with a-fetoprotein (AFP) production.

CASE REPORT
A previously healthy 3S-year-old Japanese man was
found to have an abnormal mass in his right mediastinum on
a chest radiograph during a health 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
exarmination revealed a compression against the outside of the
trachea. No other organs appeared to be affected on extensive
examunation. Subsequent evaluation for serum turnor 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 'to have originated from the
middle mediastinum. A biopsy revealed poorly 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 carcinoma- was 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/mz) on days 1to 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 lobe 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 with 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

C July 2005

D October 2005
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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
cells to be diffusely positive for CK7 and neuroendocrine
markers including CD56, chromogranin A (Figure 20), and
synaptophysin as well as negative for CD5, CD30, human
chorionic gonadotropin, placental atkaline 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 tumor cells positive for AFP (arrows). Scale
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 tumor, a pathologic diagnosis
of LCNEC was made. A small number of tumor cells 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.
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: 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 tung 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.5-7 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.8-9

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 reported 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-
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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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KEYWORDS Summary Recent studies on lung cancer screening with CT disclosed a discrepancy between
Lung cancer; its efficiency in detecting early lung cancer and a lack of proof for decreasing mortality from
Computed lung cancer. The present study, in a city in Japan where an X-ray screening program is provided,
tomography; bi-annual CT screening was performed for X-ray screening negative subjects for 4 years. Ten
Mass screening; patients with lung cancer were detected among 22,720 person-year subjects (0.044%) through
Early detection; the X-ray screening. Among the X-ray screening-negative subjects, 3305 subjects participated in
Morbidity; a CT screening program resulting in the detection of 15 patients with lung cancer (0.454%). All 15
Mortality cases detected by CT screening and 5 of the 10 cases detected by X-ray screening were at stage

IA. In respect of gender, histological type and CT findings, patients detected by CT screening
had a better prognostic profile than those detected by X-ray screening. Survival was significantly
better in the former than the latter, both in its entirety comparison and in a comparison limited
to patients who underwent surgery. In conclusion, CT screening might have the potential to
detect lung cancer with good prognostic factors not limited to early detection. Sufficiently
long follow-up time, therefore, would be required to evaluate the efficacy for decreasing lung
cancer mortality with CT screening.

© 2007 Elsevier Ireland Ltd. All rights reserved.

* Corresponding author at: Department of Respirology (B2), Graduate School of Medicine, Chiba University, 1-8-1, Inchana, Chuo-ku,
Chiba 260-8670, Japan. Tel.: +81 43 226 2577; fax: +81 43 226 2176.
E-mail addresses: wadabun@®fa.so-net.ne.jp (A. Fujikawa), takiguchi@faculty.chiba-u.jp (Y. Takiguchi), satoSkg@yaheco.co.jp
(S. Mizuno), uruma-t@umin.ac.jp (T. Uruma), kimi.suzuki@nifty.com (K. Suzuki), nagacke@faculty.chiba-u. jp (K. Nagao),
mafumi@naritasekijyuji.jp (M. Niijima), mosquito656he@docomo.ne.jp (H. Edo), hino@nms.ac.jp (M. Hino),
kuriyama@faculty.chiba-u.jp (T. Kuriyama).

0169-5002/5 — see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.
dot:10.1016/j.lungcan.2007.12.010

Please cite this article in press as: Fujikawa A, et al., Lung cancer screening—Comparison of computed tomography and
X-ray, Lung Cancer (2008), doi:10.1016/j.lungcan.2007.12.010

225



+Maodel .

LUNG-2958; -No.of Pages7

2

A. Fujikawa et al.

1. Introduction

Lung cancer is the leading cause of cancer death in many
countries worldwide. Hope of decreasing death from lung
cancer by early detection has encouraged studies for lung
cancer screening by chest X-ray [1—4], sputum cytology and
low-dose spiral computed tomography (CT) [5—-13}.

Recently, a large scale study on lung cancer screening
by CT (International Early Lung Cancer Action Program, or
I-ELCAP) resulted in a diagnosis of lung cancer in 484 partic-
ipants out of 31,567 asymptomatic persons at risk for lung
cancer, a high ratio of clinical stage | of 85% in the diag-
nosed patients, and a high estimated 10-year survival rate
of 88% in the subgroup with clinical stage | lung cancer, con-
firming the previous reports on CT screening {10]. On the
other hand, another international study failed to show a
decline in advanced tung cancer diagnoses and lung can-
cer deaths by CT screening when compared with estimated
numbers by means of 2 prediction models, although it again
disclosed significant efficacy in the early detection of lung
cancer [14], revealing a discrepancy between the studies.
Clarifying the characteristics of lung cancer detected by CT
screening may help to explain this discrepancy. The present
study, performed in a single region, compared the results of
lung cancer screenings by low-dose CT with those by conven-
tional chest X-ray in terms of efficacy and the characteristics
of the detected lung cancers.

2. Materials and methods

2.1. Study region and subject recruitment

The study was conducted in an anonymous city located in a
suburb in Chiba prefecture next to Tokyo, Japan. The munic-
ipat office has, for decades, provided its residents older than
40 years with an annual health-screening program includ-
. ing chest X-ray. All subjects participating in this program,
on the day of the chest X-ray screening, were informed of
the free-of-charge and research-based low-dose (T screen-
ing program to take place at a later date, together with
its potential benefits and risks, Those who gave their writ-
ten informed consent for the study became candidates for
enrolling in the CT screening for lung cancer. Subjects who
had abnormatlities detected on the basis of the X-ray screen-
ing, and were judged to require further examinations, were
excluded from enrollment in the CT screening program. New
subjects were recruited every year for each screening. With
encouragement, repeat of the screening at the next oppor-
tunity depended on the individual’s will.

2.2. Lung cancer screening by chest X-ray and CT

For screening with X-ray, images in 10 x 10cm miniature
radiograms were cobtained with mobile X-ray equipment
{Model MX0-15B, Toshiba Medical Systems Co., Otawara,
Japan) on X-ray film rolls (X-ray film HX, Konica Minolta
Holdings, Inc., Tokyo, Japan) with an X-ray mirror-camera
(CM5-100, Canon Inc., Tokyo, Japan). The technical param-
eters consisted of tube voltage of 130kV with adjustment of
mAs by photo-timer, and a distance of 120cm from the tube

to film with a 2.0-mm aluminum filter. The film rolls were
reviewed on dedicated illuminant miniature X-ray film view-
ers equipped with magnifying glasses. For screening with CT,
images were obtained by mobile low-dose spiral CT equip-
ment (W9505R, Hitachi Medical Co, Tokyo, tube voltage of
120k, electric current of 50mA, rotation of 0.5s~', col-
timation of 10mm, interval of 10mm). The images were
reviewed on CRT with personal computer-based viewing and
reporting system. Each image of X-ray and CT was reviewed
by 2 independent expert pulmonologists, and any putmonary
or endobronchial nodule suggesting a lesion requiring fur-
ther examinations was compared with a previous study when
available. Then, the final judgment was given by several
reviewers’ consensual decision and the results were clas-
sified into 4 categories; no nodule (category l), nodules
requiring no further examinations (category II), nodules
suggesting non-malignant lesion requiring further exami-
nations (including lesions suggesting active tuberculosis,
category lil), and nodutes suggesting malignant lesions (cat-
egory V). There was no communication between X-ray and
CT reviews. Further examinations consisted of conventional-
dose CT with thin-section scanning, ranging from 0.5 to 2mm
thickness according to the requirement, in all patients with
categories lll and 1V, follow-up studies by CT, and invasive
diagnostic procedures including bronchoscopy, CT-guided
biopsy and video-assisted thoracotomy when required.

The X-ray screening was repeated every year. Because
of research resource limitation, the city was geograph-
ically divided into 2 areas, and the CT screening was
performed alternatively in only one area each year, resulting
in screening in the same area every 2 years. Inter-screening
tracking of the subjects without categories Hi and IV was
not allowed because of tocal regulations. Both screenings
were performed from 2001 to 2004 in.each fiscal year, with
follow-up periods until September 2007. The entire study
was approved by the Ethics Committee of the Chiba Foun-
dation for Health Promotion & Disease Prevention.

2.3. Image analysis of detected lung cancer

Thin-section images of detected nodules definitively diag-
nosed as primary lung cancer were retrospectively reviewed
and classified into 3 categories; pure ground glass attenua-
tion (GGA), part solid (GGA with a central solid part) and
solid nodule [15,16].

2.4, Statistics

Comparisons of frequency were performed by Student’s ¢-
test, and survival curves were drawn by Kaplan—Meier’s
method followed by comparison with log rank test. Differ-
ences with p values of less than 0.05 (two tailed) were
judged as statistically significant.

3. Results

The total numbers of person-years for X-ray and CT screen-
ing in the 4-year period were 22,720 and 3305, with actual
subject numbers of 8246 and 2550, respectively. Charac-
teristics of the subjects are summarized in Table 1. In this
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table, the actual number for CT screening is equal to the
total number of subjects who participated in the baseline
study because the screening was started at 2001. However,
in the X-ray screening, the number of subjects participated
in the repeat study at 2001 (n=5208) plus total number of
subjects participated in the baseline study (n=2670) dose
not result in the actual total number (n=8246) in 4 years,
because the screening had been started before 2001; there
were some subjects who had participated in the screening
befare 2001 and did not at 2001. In addition, the subject
number of repeat study is greatly exceeds the number of
baseline study in every year, because many subjects had
already participated in the screening befare 2001. Smoking
status of the subjects is summarized in Fig. 1 according to
gender and screening method. The subjects of CT screening
consisted of a significantly higher proportion of smokers than
those of X-ray screening (p < 0.001 for males, and p=0.0014
for females, x? test). Total accrual numbers of further exam-
inations (categories il and IV) were 313 (78 category il and
235 category V) of 22,720 (1.4%) in X-ray screening, and 337
(67 category Il and 270 category IV) of 3305 (10.2%) in CT
screening.

All lung cancers were found exclusively from category IV
in both screenings. Lung cancers were found in 10 patients
(0.044% of the 22,720 screened) through the X-ray screen-
ing, 4 patients by baseline (0.1498%, or 4 out of 2670} and
6 patients by repeat screening (0.030%, 6 out of 20,050).
Among them, 5 (50%) patients had stage IAlung cancer. With
CT screening, 15 patients (0.454% of the 3305 screened)
with primary lung cancer were found. They were exclu-
sively found in baseline screening, and all 15 lung cancers

Participamis of €T screening

Fig. 1

Male

Fenole

were stage IA, Patient characteristics are summarized in
Table 2. With X-ray screening, lung cancer was detected
in 0.040% (6/14,931) of female participants, and in 0.051%
{4/7789) of male participants, with a female-to-male ratio
of the detection rate of 0.78. In contrast, with CT screen-
ing, it was detected in 0.58% (11/1885) of female, and in
0.28% (4/1420) of male participants, with a female-to-male
ratio of 2.07. The proportion of adenocarcinoma was 86.7%
(13/15) in patients detected through CT screening, signifi-
cantly higher than that (50%, or 5/10) in patients detected
through X-ray screening {p = 0.0455, x? test). The constitu-
tion of the image type of lesions, that is, pure GGA, part
solid and solid types, was significantly different between
these 2 groups (p=0.0001, x? test), and those detected by
CT screening were more likely to be pure GGA or part solid
than those detected by X-ray screening. Standard lobec-
tomy with hilar and mediastinal lymph node dissection was
performed in 6 of the 10 lung cancer patients detected by
X-ray and in 14 of the 15 patients detected by CT screen-
ing (Table 2). Retrospective re-review of X-rays of patients
with CT screening-detected lung cancer disclosed that the
corresponding lesion was visible on X-ray in only one case,
#CT-12.

Survival curves of the patients with detected lung can-
cer are shown in Fig. 2. Survival of the patients detected by
CT screening was better than that of the patients detected
by X-ray screening with statistical significance (Fig. 2A).
Survival of the patients undergoing surgery was also com-
pared between the patient groups detected by CT and
X-ray screenings, again disclosing better survival in the CT
screened patients than in the X-ray-detected patients with

Participants of N-ray screcning

Smoking status of the participants in the 2 screening programs. Closed, shaded and open areas represent current, ex- and

never smokers, respectively. Smoking rates of the participants in the X-ray screening were similar to the general statistics in Japan,
in both male and female populations, whereas those of the participants, especially in males, in the CT screening were significantly
higher than in participants of the X-ray screening {p<0.001 for males, and p=0.0014 for females, x2 test), very passibly because

of smokers’ motivation to participate in CT screening.
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Table 2 Characteristics of detected {ung cancer

Case no. Age Sex Size {(mm) Histology Stage Image type Treatment Visible on X-ray

With X-ray screening
X-1 75 F 30° Ad p-lA Solid s NA
X-2 75 M 28 Sm p-IB¢ Solid SandC NA
X-3 70 F 20 Ad p-lA Solid S NA
X-4 77 M 50 Sq c-HIA Solid R NA
X-5 74 M 20 Sq c-IA Solid R NA
X-6 78 F 8 Sm c-HIA Solid CandR NA
X-7 51 F 25 Ad p-lA Seolid S NA
X-8 47 M 27 Ad c-litA Solid CandR NA
X-9 69 F 10 Carcinoid p-lA Solid S NA
X-10 62 F 27 Ad p-lA Solid S NA

With CT screening
CT-1 64 M 10 Ad’ p-lA Pure GGA S No
CT-2 72 F 11 Ad p-iA Pure GGA S No
CT-3 64 M 20 Ad p-iA Pure GGA S No
CT-4 63 F 15 Ad p-iA Part solid S No
CT-5 71 F 15 Ad p-1A Part solid S No
CT-6 79 M 14 Sq p-lA Solid S No
CT-7 66 F 7 Ad p-lA Pure GGA S No
CT-8 60 F 8 Ad p-IA Part solid S No
CcT-9 67 F 15 Ad p-IA Part solid S No
CT-10 58 F 9 Ad p-lA Pure GGA ) No
CT-11 63 F 10 Ad p-la Pure GGA S No
CT-12¢ 59 M 23 Non-smalt c-lA Solid BSC Yes
CT-13 70 F 10 Ad p-lA Part solid S No
CT-14 62 F 10 Ad p-lA Part solid 5 No
CT-15 61 F 30 Ad p-lA Pure GGA S No

3 Maximum diameter.

b 5, R, C and BSC represent surgery, radiotherapy, chemotherapy and best supportive care, respectively.
¢ Postoperative evaluation of the tumor size determined the stage of IB.
¢ This patient was diagnosed as having clinical stage A non-small cell lung cancer not further specified together with concomitant

advanced esophageal cancer by staging procedures.

statistical significance (Fig. 28). Two patients, detected by
X-ray screening were dead after surgery, both from lung
cancer recurrence (case #X-2 and 10).

4, Discussion

The present lung cancer screenings recruited subjects not
limited to a high-risk group. First, the X-ray screening pro-
gram was provided for general residents in a certain city in
Japan, and the next screening program with CT was offered
to the participants of the X-ray program, while excluding
subjects who were judged to require further examinations
by the X-ray screening. Therefore, the present CT screening
program was eventually a screening for roentgen-negative
lung cancer. The present study was preliminary and had
several shortcomings: (1) sample size was relatively small,
{(2) there were some deviations in characteristics of the
subjects; the subjects of X-ray screening consisted of less
smokers and younger population especially in female than
the subjects of CT screening, (3) examination was repeated
every 2 years in the CT screening program, and (4) no inter-
screening follow-up for counting tung cancer occurrence and
death was performed, resulting in a lack of estimation of the

true frequency of lung cancer occurrence in the subjects
during the study period. In particular, the primary issues
being the small sample size and the deviations in subject
characteristics ostensibly limit this study’s ability to make
definitive conclusion. This kind of study solely enables us
to evaluate screening efficacy by comparing CT screening
with X-ray screening in terms of the characteristics of the
detected lung cancer.

CT screening detected lung cancer at a frequency of
approximately 10 times that of X-ray screening, even though
CT screening was provided for X-ray screening-negative sub-
jects. In addition, all lung cancers detected by CT were at
stage |A, whereas only 6 of 10 lung cancers detected by X-ray
screening were at stage IA, consequently resulting in better
survival in the former compared to the latter. Characteristics
of the lung cancer detected through CT screening were sig-
nificantly different from those through X-ray screening. First
of all, atl 15 lung cancers detected by CT were adenocar-
cinomas except for one with non-small cell lung cancer not
further specified, whereas only 5 of 10 lung cancers detected
by X-ray screening were adenocarcinomas, the latter ratio
being similar to that of the general statistics in Japan. Sec-
ondly, the female-to-male ratio of the detection rate with
CT screening (2.07) was substantially higher than that with
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Fig. 2  Survival curves of patients with lung cancer according

to screening method. Patients detected by CT screening (n=15)
survived significantly longer than patients detected by X-ray
screening (n=10, A). Comparison between the 2 groups lim-
ited to the subpopulations undergoing surgery showed a similar
result (B). The curves were drawn by Kaplan—Meier's method,
and compared with the log rank test.

X-ray screening (0.78). Considering that the female-to-male
ratio of patients with lung cancer in the general statistics
of Japan was 0.41 [17], the ratio with CT screening seemed
extraordinarily high, and may actually be biased. As a matter
of fact, the ratio with X-ray screening of 0.78 also seemed
high, suggesting strong bias with screening. Thirdly, when
assessed with thin-section CT, the image type of the lung
cancer detected by CT screening contained a significantly
larger portion of pure GGA or part solid type than that by
X-ray screening. This is quite reasonable because nodules
of GGA type are notoriously invisible on X-ray. The exis-
tence of GGA either as pure GGA or in part solid nodules
in thin-section CT represents air-spaces in lung adenocarci-
noma tissue, and very likely corresponds to either type A,
B, or C of peripheral small adenocarcinoma [15,16,18—21]
according to Noguchi’s classification [22]. Such lung ade-
nocarcinomas, in most cases, are characterized by a
slow-growing nature and good prognosis with lung resection
[15,16,18-22].

Effective cancer screening requires several conditions
including the followings: (1) the screening is capable of
detecting corresponding cancer at a high frequency, (2)
prognosis of patients with screening-detected cancer is sig-
nificantty better than that of patients found by symptoms,
(3) less patients with advanced cancer and deaths from the
cancer are shown by the screening, and (4) the screening is
affordable in respect to human resource and cost. Many pre-
vious studies {5,11,13,23~27] and two recent studies [10,14]
on lung cancer screening by CT provided evidence for the

first 2 conditions. The present study also supports these pre-
vious study results. Bach et al., however, cast doubt on lower
number of patients with advanced disease and lung cancer
deaths by CT screening [14]. The discrepancy between the
high frequency of early detection resulting in good prognosis
of the detected patients and a lack of decrease in advanced
disease and death may be partly explained by overdiagnosis
through screening. That is to say, in spite of a definitive
histological diagnosis, many early lung cancers detected
through screening would not progress rapidly to the point
of being clinically overt in the individual’s lifetime. In fact,
lung cancers detected via the present CT screening seemed
to possess less malignant propensity, because the majority
(13 out of 15 patients) were classified into either pure GGA
or part solid type adenocarcinomas by thin-section CT find-
ings, and because they were found predominantly in female
non-smokers. In particular, detection and diagnosis in one
patient (#CT-12) was apparently overdiagnosed because he
died from concomitant advanced esophageal cancer while
his lung cancer was at clinical stage IA. Nevertheless, the
rest of the lung cancers detected by the present CT screen-
ing would have very possibly progressed to clinically overt
and fatal cancer if left untreated, making it needless to refer
in particular to the I-ELCAP study {10], in which 8 patients
with clinical stage | cancer detected by CT screening did not
receive treatment, with all of them dying within 5 years.
In addition, any individual with pulmonary nodules judged
to require further examinations through X-ray screening
was excluded from enrollment to the CT screening. Most
lung cancers detected by X-ray screening woutd have been
detected by CT screening if no X-ray screening had been pro-
vided. Therefore, the present CT screening has the potential
to reduce advanced lung cancer or death from lung cancer in
the future, but not within a few years. Although Bach et al.
failed to demonstrate a decrease in advanced disease and
death from lung cancer [14], the reason for the negative
result may be related to a relatively short median follow-up
period of 3.9 years. Needless to say, large-scale randomized
controlled studies that eliminate biases would have advan-
tages for drawing definitive conclusions. Hence, results from
randomized controlled studies such as the National Lung
Screening Trial in the United States and the NELSON Trial
in Europe are awaited [14,28,29]. It is important, however,
to understand that a substantially long follow-up period,
although difficult to be estimated from this study, would
be required even in the case of well-sophisticated random-
ized controlled studies. Considerations on potential harm
and cost would also be an important issue.

In conclusion, the present study confirmed the capability
of CT screening in detecting early stage lung cancer at a
high frequency, and suggested that CT screening-detected
lung cancer might have less malignant propensity than X-ray
screening-detected or symptom-detected lung cancer. In CT
screening for lung cancer, a considerably extended follow-
up period would be essential for evaluating its effectiveness
in decreasing lung cancer mortality.

Conflict of interest

There exists no potential conflict of interest with regard to
the manuscript in every author.

Please cite this article in press as: Fujikawa A, et al., Lung cancer screening—Comparison of computed tomography and
X-ray, Lung Cancer (2008), doi:10.1016/j.lungcan.2007.12.010 )

230




+Model

LUNG-2958; No. of Pages7

Lung cancer screening—Comparison of computed tomography and X-ray

7

Acknowledgements

The authors thank Drs. Reiko Uruma, Jun-ichi Yasuda, Kazu-
toshi Sugito, Masato Shingyoji and Yoshiko Asaka-Amano for
reviewing CT images. Technical and secretarial assistance
by Mses. Naoko Oodaira (Chiba Foundation for Health Pro-
motion & Disease Prevention), and Chieko Miyagi-Handa are
also appreciated. Assistance in database management by Ms.
Mariko Maru, PHN, is especially appreciated. This research
was financially supported by grants to the Chiba Foundation
for Health Promotion & Disease Prevention from Chiba Pre-
fecture and by grants to YT from the Ministry of Education,
Culture, Sports, Science and Technology of Japan.

References

[1] Fontana RS, Sanderson DR, Woolner LB, Taylor WF, Miller WE,
Muhm JR, et al. Screening for lung cancer. A critique of the
Mayo Lung Project. Cancer 1991;67:1155~64.

{2] Marcus PM, Bergstrath EJ, Fagerstrom RM, Williams DE, Fontana
R, Taytor WF, et al. Lung cancer mortality in the Mayo Lung
Project: impact of extended foliow-up. J Natl Cancer inst
2000;92:1308—16.

[3] Strauss GM. The Mayo Lung Cohort: a regression analysis focus-
ing on lung cancer incidence and mortality. J Clin Oncol
2002,20:1973-83.

[4] Marcus PM, Bergstralh EJ, Zweig MH, Harris A, Offord KP,
Fontana RS. Extended lung cancer incidence follow-up in
the Mayo tung Project and overdiagnosis. J Natl Cancer Inst
2006;98:748—56.

{5) Nawa T, Nakagawa T, Kusana S, Kawasaki Y, Sugawara Y, Nakata
H. Lung cancer screening using low-dose spirat CT: results of
baseline and 1-year follow-up studies. Chest 2002;122:15~20.

{6] Mountain CF. Revisions in the International System for Staging
Lung Cancer, Chest 1997;111:1710-7,

[7) Diederich S, Wormanns D, Semik M, Thomas M, Lenzen H, Roos
N, et al. Screening for early tung cancer with low-dose spi-
ral CT; prevalence in 817 asymptomatic smokers. Radiology
2002;222:773--81.

[8] Sobue T, Moriyama N, Kaneko M, Kusumoto M, Kobayashi T,
Tsuchiya R, et al. Screening for lung cancer with low-dose
helicat computed tomography: anti-lung cancer association
project. J Clin Oncol 2002;20:911-20.

[9] Swensen SJ, Jett JR, Sloan JA, Midthun DE, Hartman TE,
Sykes A-M, et al. Screening for lung cancer with low-dose
spiral computed tomography. Am J Respir Crit Care Med
2002;165:508—-13.

[10] The International Early Lung Cancer Action Program |. Survival
of patients with stage | lung cancer detected on CT screening.
N Engl J Med 2006;355:1763-71.

[11] Henschke C1, McCautey DI, Yankelevitz DF, Naidich DP, McGuin-
ness G, Miettinen OS, et al. Early Lung Cancer Action Project:
overall design and findings from baseline screening. Lancet
1999;354:99—~105.

{12} Sone S, Ui F, Yang ZG, Honda T, Maruyama Y, Takashima S,
et al. Results of three-year mass screening programme for

lung cancer using mobile low-dose spiral computed tomography
scanner. Br J Cancer 2001;84:25-32.

{13] Sone S, Nakayama T, Honda T, Tsushima K, Li F, Haniuda M, et
al. Long-term follow-up study of a population-based 1996-1998
mass screening program for lung cancer using mobile low-dose
spirat computed tomography. Lung Cancer 2007;58:329~-41,

[14] Bach PB, Jett JR, Pastorino U, Tockman MS, Swensen SJ, Begg
CB. Computed tomography screening and lung cancer out-
comes. JAMA 2007;297:953—61.

[15] Aoki T, Nakata H, Watanabe H, Nakamura ¥, Kasai T, Hashimoto
H, et al. Evolution of peripheral lung adenocarcinomas: CT find-
ings corretated with histotogy and tumor doubling time. Am J
Roentgenol 2000;174:763--8.

[16) Hasegawa M, Sone S, Takashima S, Li F, Yang ZG, Maruyama Y,
et al. Growth rate of small tung cancers detected on mass CT
screening. Br J Radiot 2000;73:1252-9.

{17} Cancer Statistics in Japan—2007. Tokyo, Japan: Foundation for
Promotion of Cancer Research; 2007. p. 68—75.

{18] Jang HJ, Lee KS, Kwon 0QJ, Rhee CH, Shim YM, Han J. Bronchi-
oloalveotar carcinoma: focal area of ground-glass attenuation
at thin-section CT as an early sign. Radiology 1996;199:485—8.

[19] Aoki T, Tomoda Y, Watanabe H, Nakata H, Kasai T, Hashimoto
H, et al. Peripheral lung adenocarcinoma: correlation of thin-
section CT findings with histologic prognostic factors and
survival. Radiology 2001;220:803—9.

[20] Kodama K, Higashiyama M, Yokoucht H, Takami K, Kuriyama K,
Mano M, et al. Prognostic value of ground-glass opacity found
in small tung adenocarcinoma on high-resolution CT scanning.
Lung Cancer 2001;33:17-25.

{21} Yang Z-G, Sone S, Takashima S, Li F, Honda T, Maruyama Y, et
al. High-resotution CT analysis of smalt peripheral lung adeno-
carcinomas revealed on screening helical CT. Am J Roentgenol
2001;176:1399—-407.

[22]) Noguchi M, Morikawa A, Kawasaki M, Matsuno Y, Yamada T, Hiro-
hashi $, et al. Small adenacarcinoma of the tung, Histologic
characteristics and prognosis. Cancer 1995;75:2844-52.

[23] Kaneko M, Eguchi K, Ohmatsu H, Kakinuma R, Naruke T,
Suemasu K, et al. Peripheral lung cancer: screening and detec-
tion with tow-dose spiral CT versus radiography. Radiology
1996;201:798—802.

[24] Sone S, Takashima S, Li F, Yang Z, Honda T, Maruyama Y, et
al. Mass screening for lung cancer with mobile spirat computed
tomography scanner. Lancet 1998;351:1242—5.

(25] Henschke Cl, Naidich DP, Yankelevitz DF, McGuinness G,
McCauley DI, Smith JP, et al. Early lung cancer action
project: initial findings on repeat screenings. Cancer 2001;92:
153-9. ’

{26] Swensen SJ, Jett JR, Hartman TE, Midthun DE, Mandrekar
SJ, Hillman SL, et al. CT screening for lung cancer: five-year
prospective experience, Radiology 2005;235:259—65.

[27] Swensen 5J, Jett JR, Hartman TE, Midthun DE, Sloan JA, Sykes
AM, et al, Lung cancer screening with CT: Mayo Clinic experi-
ence. Radiology 2003;226:756—61.

{28} Black WC, Baron JA. CT screening for lung cancer: spiraling into
confusion? JAMA 2007;297:995—7.

[29] Twombly R. Lung cancer screening debate continues
despite international CT study results. J Natl Cancer inst
2007;99:190-5.

Please cite this article in press as: Fujikawa A, et al., Lung cancer screening—cbmpa‘ris'on' of computed tomography and
X-ray, Lung Cancer (2008), doi:10.1016/j.lungcan.2007.12.010 _—_— IR :

231




Int. J. Cancer: 122, 1530-1538 (2008)
© 2007 Wiley-Liss, Inc.

Matuzumab and cetuximab activate the epidermal growth factor receptor but fail
to trigger downstream signaling by Akt or Erk

Takeshi Yoshida!, Isamu Okamoto" Takafumi Okabe!, Tsutomu Iwasa’, Tarch Satoh?, Kazuto Nishio?, Masahiro Fukuoka®

and Kazuhiko Nakagawa
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3Sakai Hospital, Kinki University School of Medicine, Osaka, Japan

Molecular inhibition of the epidermal growth factor receptor
(EGFR) is a promising anticancer strategy, and monoclonal anti-
bodies {mAbs) to EGFR are undergoing extensive evaluation in
preclinical and clinical trials. However, the effects of anti-EGFR
mAbs on EGFR signaling have remained unclear. We have now
examined the effects 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 Jung
cancer cell lines. Similar to EGF, matuzumab and cetuximab each
induced phosphorylation 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
accompanied 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 resuits 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 wards: EGF receptor; signal transduction; matuzumab; cetuximab;
nonsmall cell lung cancer

The epidermal growth factor receptor (EGFR, also known as
ErbB1), a mmember of the ErbB family of receptor tyrosine kinases,
is a 170-kDa plasma membrane glycoprotein composed of an
extracellular ligand binding domain, a transmembrane region and
an intracellular tyrosine kinase domain with a regulatory COOH-
terminal segment.’ Binding of ligand to EGFR induces receptor
dimerization, activation of the receptor kinase and autophospho-
rylauon of spccxﬁc tyrosme residues within the COOH-terminal
region of the protein.” These events trigger intracellular signaling
pathways that promote cell proliferation and survival.“

EGFR is frequently overexpressed in many types of human
malignancy, with the extent of overexpression being negauvely
correlated with prognosis.** Recognition of the role of EGFR in
carcinogenesis has prompted the development of EGFR-targeted
therapies that include both small-molecule tyrosine kinase inhibi-
tors (TKIs) that target the intracellular tyrosine kinase domain and
monoclonal antibodies (mAbs) that target the extracellular do-
main."* Among EGFR-TKIs, gefitinib and erlotinib have been
extensively evaluated in nonsmall cell lung cancer (NSCLC), and
sensitivity to these drugs has been comrelated with the presence of
somatic mutations in the EGFR kinase domain or with EGFR gene
(EGFR) amplification.’~ Among anti-EGFR mAbs, cetuximab
(Erbitux), a chimeric mouse-human annbody of the lmm\moglobu-
lin (Tg) G1 subclass, has proved efficacious in the treatment of iri-
notecan-refractory colon cancer'” and was recently approved by
the U.S. Food and Drug Administration for the treatment of patients
with head and neck squamous cell carcinoma.’® Several clinical
studies of anti-EGFR mAbs such as matuzumab (EMD72000,
bumanized IgG1) and cetuxunab are 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 antitumor effects of these mAbs
are thus thought to be attributable to inhibition of EGFR signaling
as well as to other mechanisms such as antibody-dependent cellular
cytotoxicity. 3 However, the detailed effects of anti-EGFR mAbs
on EGFR signaling have remained unclear. 2~

We have now examined in detail 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 cell lines NCI-H292 (H292), NCl-H460
(H460) and Ma-1 were obtained as previously described®! and
were cultured under a humidified atmosphere of 5% CO, at 37°C
in RPMI 1640 medium (Sigma, St. Lounis, MO) supplemented with
10% fetal bovine serum. Matuzumab and cetuximab were kindly
provided by Merck 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 from Chugai
(Tokyo, Japan). Neutralizing antibodies to EGFR (clone LA1)
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 trans-
ferred to a nitrocellulose membrane. After blocking of nonspecific
sites, the membrane was incubated consecutively with primary and
secondary antibodies, and immune complexes were detected with
the use of enhanced chemiluminescence reagents, as described pre-
viously.*? Primary antibodies to the specific intracellular phospho-
rylation sites of EGFR (pY845, pY1068 or pY1173), to Erk, to
phospho-Akt and to 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); those
to the intracellular domain of EGFR (EGFR 1005) 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 antibodies to mouse or rabbit IgG were
obtained from Amersham Biosciences (Little Chalfont, UK).

Chemical cross-linking assay

Cells were incubated first with 1 mM bls(su[fosuccmlmxdyl) su-
berate (BS?; Pierce, Rockford, IL) for 20 min at 4°C and then with

Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor; mAb, monoclonal antibody; NSCLC, nonsmall cell lung
cancer; Ig, immunoglobulin; BS®, bis(sulfosuccinimidyl) suberate; PE, R-
phycoerythrin; PI3K, phosphoinositide 3-kinase.
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Fiure 1 — EGFR phosphorylation induced by matuzumab or cetuximab as a result of receptor dimerization and activation of the receptor ty-
rosine kinase. (a) H292 cells were deprived of serum overnight and then incubated for 15 min in the absence (Control) or presence of matuzu-
mab (200 nM), cetuximab (100 nM), neutralizing antibodies to EGFR (80 nM), trastuzumab (50 nM) or EGF (100 ng/ml). Cell lysates were
subjected to immunoblot analysis with antibodies to the Y1068-phosphorylated form of EGFR (pY1068) and to total EGFR (the extracellular
domain). (b) H292 or H460 cells were deprived of serum ovemight and then incubated for 15 min in the absence or presence of matuzumab
(200 nM), cetuximab (100 nM) or EGF (100 ng/ml). Cell lysates were subjected to immunoblot analysis with antibodies to the Y845-, Y1068-
or Y1173-phosphorylated forms of EGFR and to total EGFR (the extracellular domain). (¢) H292 cells were deprived of serum ovemight 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 uM), as
indicated. Cell lysates were subjected to immunoblot analysis with antibodies to the Y1068-phosphorylated form of EGFR and to total EGFR
{the extracellular domain). (d) H292 cells were deprived of serum ovemight and then incubated for 15 min in the absence or presence of matuzu-
mab (200 nM), cetuximab (100 nM), neutralizing antibodies to EGFR (80 nM) or EGF (100 ng/ml). The cells were then washed and exposed to
the chemical cross-linker BS? after which cell lysates were subjected to immunoblot analysis with antibodies 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 5 min at 4°C to terminate the cross-linking  Immunofluorescence analysis

reaction, as described previously.®! Cell lysates were resolved by Cells were grown to 50% confluence in 2-well Lab-Tec Cham-
SDS-polyacrylamide gel electrophoresis on a 4% gel and sub-  ber Slides (Nunc, Naperville, IL), deprived of seram ovemight,
jected to immunoblot analysis with rabbit polyclonal antibodies to  and then incubated with 200 nM matuzumab or EGF (100 ng/ml)
the intracellular domain of EGFR (EGFR 1005). for 4 hr 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 1 hr at room temperature.
The cells were stained with rabbit polyclonal antibodies to the in-
traceffular domain of EGFR (EGFR 1005) for 1 hr at room tem-
perature and then incubated for an additional 45 min with Alexa
488-labeled goat antibodies to rabbit IgG (Molecular Probes,
Eugene, OR). Cell nuclei were counterstained for 5 min at room tem-
perature with 4',6-diamidino-2-phenylindole (Sigma) at 2 pg/ml.
The chamber slides were mounted in fluorescence mounting
raedium (DakoCytomation, Hamburg, Germany), and fluores-
cence signals were visnalized 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 serum overnight and then incubated with
200 nM matuzumab or EGF (100 ng/ml) for 4 hr at 37°C. They
were isolated by exposure to trypsin, and aliquots of ~1.0 X 10°
cells were incubated for 2 hr at 4°C either with an R-phycoerythrin
(PE)-conjugated mouse mAb to EGFR (cione EGFR.1; Becton
Dickinson, San Jose, CA), which does not interfese with the bind-
ing of EGF to 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 at a density of 200 per 25-cm®
flask containing 10 m! of medium and were cultured for 7 days in
the presence of the indicated concentrations of matuzumab or
cetuximab. They were then incubated in medium alone for 7 days
at 37°C, fixed with methanol:acetic acid (10:1, 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 efficiency was defined as the mean number of colonies
divided by the number of inoculated cells for untreated controls.

Results

Matuzumab and cetuximab induce EGFR phosphorylation in a
manner dependent on the receptor tyrosine kinase activity

With the use of immunoblot analysis, we first examined the
effects of the anti-EGFR mAbs matuzumab and cefuximab on
EGFR phosphorylation in human NSCLC H292 cells, which
express wild-type EGFR. Incubation 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 effect (Fig.
la). Furthemmore, like EGF, matuzumab and cetuximab each
induced phosphorylation of EGFR on Y845, Y1068 and Y1173 in
H292 and H460 cells (Fig. 1b), the latter of which are also human
NSCLC cells that express wild-type EGFR.

To determine whether the antibody-induced phosphorylation of
EGFR requires the kinase activity of the receptor, we examined
the effect of gefitinib, a specific EGFR-TKI. H292 cells were
deprived of serum and then exposed to matuzumab, cetuximab or
EGF for 15 min in the absence or presence of gefitinib. EGFR
phosphorylation on Y1068 induced by EGF, matuzumab or cctuxi-
mab was completely blocked by gefitinib (Fig. 1¢). These findings
thus indicated that, like EGF, matuzumab and cetuximab each
induce EGFR phosphorylation by activating the tyrosine kinase of
the receptor.

Matuzumab and cetuximab induce EGFR dimerization

Ligand-dependent EGFR dimerization is responsible for activa-
tion of the receptor tyrosine kinase.*** To examine whether
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Figure 2 - Failure of matuzumab or cetuximab to activate Akt or
Erk. H292 or H460 cells were deprived of serum overnight and then
incubated for 15 min in the absence or presence of matuzumab
(200 nM), cetuximab (100 nM) or EGF (100 ng/mt). Cell lysates were
subjected to immunoblot analysis with antibodies to the Y 1068-phos-
phorylated form of EGER, 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 serum-deprived H292 cells with the mAbs for 15 min and
then exposed the cells to the chemical cross-linker BS®. Immuno-
blot analysis of cell lysates with antibodies to the intracellular do-
main of EGFR revealed that matuzumab and cetuximab each
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 data thus suggested that matuzn-
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
phos:Phoinositide 3-kinase (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 treated with these antibodies
for 15 min after seram deprivation. In contrast fo the effects of
EGF, neither matuzumab nor cetuximab induced the phosphoryla-
tion of Akt or Erk in H292 or H460 cells (Fig. 2). These results
thus indicated that matuzumab and cetuximab induce EGFR acti-
vation but fail to activate the downstream Akt and Erk signaling
pathways.

Matuzumab and cetuximab do not induce EGFR downregulation

Endocytic trafficking of EGFR is important for full activation
of Erk and PI3K.3" To examine further the defect in signaling
downstream of EGFR activation by matuzumab or cetuximab, we
determined the effects of these mAbs on receptor turnover. H292
or H460 cells 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. In both H292 and H460 cells treated with EGF,
the amount of total EGFR decreased in a time-dependent manner
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FiGURE 3 - Lack of EGFR tumover in cells treated with matuzumab or cetuximab. (@) H292 cells were deprived of serum ovemight and then
incubated for the indicated times in the presence of EGF (100 ng/ml), matuzumab (200 nM) or cetuximab (100 nM), respectively. Ceil 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 extracellular domain), Akt or Exk. (b) H292 cells deprived of serum ovemight were incubated for the indicated times in the presence
of EGF (100 ng/ml), matuzumab (200 nM) or cetuximab (100 nM). Cell lysates were subjected to immunoblot analysis with antibodies to
theY'1068-phosphorylated form of EGFR, to total EGFR (the intracellular domain) or to B-actin (loading control). (c) H460 cells deprived of se-
rum ovemnight were incubated for the indicated times in the presence of EGF (100 ng/mi), matuzumab (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 Exk. (d) H292 cells 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, permeabilized, 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). Fluorescence signals were visualized with a fluorescence microscope, and the merged images are shown. Scale bar, 20 pm. (¢) H292
cells were deprived of serum overnight and then incubated for 4 hr in the absence or presence of matuzumab (200 nM) or EGF (100 ng/mt). The
cells were stained with either a PE-conjugated mAb to EGFR (right peaks) or a PE-labeled isotype-matched mAb (left peaks) and analyzed by
flow cytometry. Representative histograms of relative cell number versus PE fluorescence are shown.

(Figs. 3a-3¢), an effect that has been shown to be the result of re-  able by 4-6 hr (Figs. 3a-3¢). The phosphorylation of Akt and Erk
ceptor intemalization and degradation.’®3® In parallel with this induced by EGF persisted for at least 12 hr but had declined by

EGFR downregulation, the extent of EGF-induced tyrosine phos- 24 hr in both cell lines (Figs. 3a and 3c¢). In 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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matuzumab or cetuximab for 24 hr were similar to those apparent
after exposure to the antibodies for only 15 or 30 min (Figs. 3a and
3b). A marked delay in EGFR turnover was also apparent in H460
cells treated with matuzumab or cetuximab (Fig. 3c), although
EGFR dephosphorylation and downregulation had occurred by 24
hr. 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. 3a 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 3b and 3¢ with antibodies to the intracel-
lular domain of EGFR. These results 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 confirm that the inability of the anti-EGFR mAbs to induce
EGFR downregulation is attributable to 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 immunofluorescence analy-
sis (Fig. 3d) or flow cytometry (Fig. 3¢). Whereas EGFR was
localized at the cell surface in control cells, treatment with EGF
resulted in intemalization and a decrease in the fluorescence inten-
sity of EGFR. In contrast, EGFR remained at the surface of cells

TABLE I - CHARACTERISTICS OF NSCLC CELL LINES

Cell line EGFR mutation EGFR copy nuaiber
H292 Wild type Polysomy

H460 Wild type Monosomy

Ma-1 del E746-A750 Gene amplification

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

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

We next determined whether matuzumab or cetuximab inhibits
ligand-dependent EGFR signal transduction. To examine also
whether the effects of these antibodies are dependent on EGFR
status, we studied 3 human NSCLC cell lines: 2 celt lines (H292,
H460) that possess wild-type EGFR alleles and 1 (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-
1 cells were also found to manifest EGFR amplification (Table
1).3! We treated serum-deprived cells of the 3 NSCLC lines with

236



EFFECTS OF ANTI-EGFR mAbs ON EGFR SIGNALING

1535

a 292 b H460 c Ma-1
EGF _ EGF___
8 - O ég
cc & ! ccf f olcE:
N '83?; “C9id § 43
&B\gl;kss) . i b ?pa\gl;kss) -~ ' e (pYIOGS)- - o=
(Y ]

pAkt bl pAKt
o 0
pEk f g pBrk

EBrk ’-'32‘.

FiGure 4 -
serum ovemigh

EGFR ...'.
mw

A g 0 00 ) 0
==

Bk o3 SSEBIT

LI

pAh’- o» &

-~ ABSRE

PErk g OB | R X

M gz g MW
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FiGURE § — Effects of matuzumab and cetuximab on cell survival. H292, H460 or Ma-1 cells were glated 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 matuzum

or cetuximab. They were then incubated

with medium alone for 7 days before determination of the number of colonies containing >50 cells for calculation of the surviving fraction.
Data are means of triplicates from a representative experiment. *p < 0.001 versus the corresponding value for cells not exposed to mAb (Stu-

dent’s t-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 affected by
matuzumab or cetuximab, likely because these antibodies also
induce EGFR phosphorylation. However, whereas matuzumab
and cetuximab did not substannally affect EGF-dependent phos-
phorylation of Akt or Erk in H460 cells, they markedly mhnblted
these effects of EGF 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. 4¢). Furthermore, whereas gcﬁtlmb
blocked the phosphorylation of each of these 3 protems in Ma-1
cells, matuzumab and cetuximab did not.

Finally, we performed a clonogenic assay to 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 cetuximab
each induced a marked reduction in the survival rate of H292
cells, consistent with the inhibition of EGF-dependent EGFR
downstream 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 cetuximab
in these cell lines. These results suggested that the effects of matu-
zumab and cetuximab on EGF-dependent or constitutive EGFR
downstream signaling are correlated with their effects on cell sur-
vival in NSCLC cell lines.
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Discussion

The effectiveness of treatment with anti-EGFR mAbs has been
thought to be based on prevention of ligand binding to EGFR and
consequent inhibition of EGFR activation.’8%2% Matuzumab and
cetuximab have recently been developed as EGFR-inhibitory
mAbs for clinical use.}?-2225 A structural study revealed that cetux-
imab binds to the extracellular ligand binding domain (domain III)
of EGFR,2* and matuzumab is also thought to bind to domain IIT on
the basis of its observed competition with EGFR ligands.!® We
have now shown that matuzumab and cetuximab induced phospho-
rylation of EGFR at several sites, including Y845, Y1068 and
Y1173. These findings are consistent with previous observations
that mAb 225, the mouse mAb equivalent to cetuximab, is able to
induce EGFR dimerization and activation.**~*? Cetuximab was also
recently shown to induce phosphorylation of EGFR in head and
neck squamous cell carcinoma cell lines™ as well as in NSCLC cell
lines including H292.%° These in vitro results appear to contradict
observations that matuzumab and cetuximab inhibit EGFR phos-
phorylation in vivo.284'42 This apparent discrepancy may be due
to the more complex cellular environment in vivo, including the
presence of stromal cells that interact with tumor cells. We have
also now shown that gefitinib, a specific EGFR-TKI, completely
blecked EGFR phosphorylation induced by matuzumab or cetuxi-
mab, confirming that this cffect of the antibodies is dependent on
the intrinsic tyrosine kinase activity of EGFR. Furthermore, 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 extended 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, as
was previously shown for mAb 225.3° We found that neutralizing
antibodies to EGFR did not activate EGFR, even though they also
recognize the extemnal 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 to activate EGFR. This difference in the ability to 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-
mab exert antitumor effects despite their induction of EGFR acti-
vation, we investigated the effects of antibody-induced EGFR
activation on EGFR downstream 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 cell proliferation and survival.*>*® Morcover, we
found that the antibody-EGFR complexes were not removed from
the plasma membrane, in contrast to the rapid receptor tumover
induced by EGF. In response to ligand binding, the ligand-EGFR
complex is rapidly internalized and then either recycled back to
the cell surface or proteolytically degraded.**® The internalized
EGFR interacts with various signaling proteins that are important
for 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
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undergo internalization resulted 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 tumnover 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 cell 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 related
to the inhibition of clonogenic cell survival in the 3 cell lines.
With regard to NSCLC cell lines harboring wild-type EGFR
alleles, matuzumab and cetuximab markedly inhibited EGF-
dependent phosphorylation 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 results suggest that the antitumor
effects of matuzumab and cetuximab depend on inhibition of
EGFR downstream signaling such as that mediated 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 phosyhorylation completely even in cells sensitive to
this antibody.?° It is possible that the difference in sensitivity to
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 studies of NSCLC
patients treated with matuzumab or cetuximab.’®*** 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 cctuximab failed
to inhibit both activation of Akt and Erk and clonogenic cell sur-
vival in Ma-1 cells, which express a mutant form of EGFR that
shows an increased seasitivity to EGFR-TKIs such as gefitinib and
erlotinib.?>'¢ We recently showed that cells expressing EGFR
mutants exhibit 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 several other cell lines with EGFR mutations were resist-
ant to cetuximab.?’2® Qur results are consistent with clinical
observations showing that the presence of an £GFR mutation is
not a major determinant of a positive response to cetuximab in
individuals with NSCLC or colorectal cancer.?*%

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