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4, Discussion

The EGFR-targeting drug gefitinib has been approved in
many countries for the treatment of NSCLC patients who
have previously received chemotherapy. Previous prectinical
models have demonstrated the synergistic effects of gefi-
tinib and platinums or taxanes [8,9]. However, no significant
difference in survival was demonstrated in two random-
ized placebo-controlled phase I trials examining over 2000
previously untreated patients with NSCLC, In these trials,
gefitinib was given in combination with paclitaxel and car-

boplatin or with gemcitabine and cisplatin [10,11]. Different
administration schedules for gefitinib and cytotoxic agents
may be necessary for select populations.

EGFR gene mutations have been demonstrated in NSCLC,
and patients with lung cancers expressing mutant EGFR are
strongly suspected to be hypersensitive to gefitinib alone.
An in-frame short deletion in exon 19 of EGFR is strongly
related to hyperresponsiveness to gefitinib and other tyro-
sine kinase inhibitors [12,13]. Cells expressing this dele-
tional EGFR mutation are hypersenstivie to EGFR-targeted
tyrosine kinase inhibitors {5]. On the other hand, the treat-
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ment of lung cancers expressing wild-type EGFR is a major
obstacte. Combined therapies are still considered to be
a major strategy against lung cancer expressing wild-type
EGFR. Our previous preclinical study demonstrated that gefi-
tinib and CPT-11 have synergistic effects in colorectal cancer
cell tines [14]. Here, we reevaluated the combined effects
of gefitinib and cytotoxic agents based on the status of EGFR
mutations in lung cancer.

We demonstrated that gefitinib and SN-38, the active
form of CPT-11, have synergistic or additive effects in tung
cancer cells expressing wild-type EGFR. The combination
of gefitinib and CPT-11 may be useful against lung cancers
expressing wild-type EGFR. On the other hand, this combina-
tion had antagonistic effects in PC-9 cells expressing mutant
EGFR, even though PC-9 cells are basically hypersensitive to
gefitinib alone.

The concurrent administration of gefitinib and SN-38 also
had an antagonistic effect in the PC-9/ZD cells. The PC-
9/1D cells developed an acquired resistance to gefitinib
after exposure to gefitinib in vitro. New treatment strate-
gies for patients who are refractory to gefitinib treatment
are clinically needed. We demonstrated that the sequen-
tial administration of SN-38 (CPT-11) and gefitinib improved
the combined effects in PC-9/ZD cells both in vitro and
in vivo.

The above results led us to propose a combined gefitinib
and CPT-11 treatment strategy based on the EGFR mutation
status of lung cancers: (1) combined treatment according to
any schedule for lung cancers expressing wild-type EGFR,
(2) gefitinib treatment alone for lung cancers expressing
mutant EGFR, and (3) the sequential administration of gefi-
tinib and CPT-11 for patients who are refractory to gefitinib
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treatment. Based on the above preclinical evidence, we are
preparing to begin a clinicat phase Il trial for combined gefi-
tinib and CPT-11 treatment in Japan.

We previously demonstrated that CPT-11 and gefitinib
have a synergistic effect against colorectal cancer {14].
EGFR mutations are rarely observed in colorectal can-
cer cells [15]. Therefore, the combined effects of these
agents against colorectal cancers were consistent with those
against the lung cancers expressing wild-type EGFR in this
study.

Different combined effects were observed for the concur-
rent and sequential schedules in vitro and in vivo. White the
mechanisms responsible for the combined effects remain
unclear, cell cycle distributions might explain some of the
differences. In cells treated according to the sequential gefi-
tinib followed by SN-38 (CPT-11) treatment schedule, treat-
ment with gefitinib resulted in an increase in the GO—-G1
phase and a decrease in the S phase populations (data not
shown). The decreased S phase population was not sensitive
to CPT-11 [16]. Thus, the antagonistic effects of the sequen-
tial administration of gefitinib followed by CPT-11 (SN-38)
could be explained by this mechanism. On the other hand,
in cells treated according to the sequential SN-38 followed
by gefitinib treatment schedule, SN-38 treatment induced an
increase in the S phase population. If the S phase population
is sensitive to gefitinib, this might explain the synergistic
effects of this sequential schedule [17]. An increase in EGFR
phosphorylation induced by CPT-11 is another previously
reported possible mechanism responsible for this synergistic
action [14].

in conclusion, we demonstrated the different effect on
lung cancer cell expressing mutant EGFR according to the
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Fig. 3  (A) Historical examination of PC-9 tumor xenografts (day 22) stained with H&E, anti-CD31 vessel staining, TUNEL staining
(magnification: 400x) and anti-Ki-67 nuclear antigen (magnification: 200x). The number of Ki-67-positive cells increased with the
administration of CPT-11. The number of Ki-67-positive cells decreased with the gefitinib-alone and combination treatments. C/G:
concurrent combination, C —» G: sequential combination. (B) Historical examination of PC-9ZD tumor xenografts (day 22) stained
with H&E, anti-CD31 vessel staining, TUNEL staining (magnification: 400x) and anti-Ki-67 nuclear antigen (magnification; 200x).
The number of Ki-67-positive cells increased with the administration of CPT-11. The number of Ki-67-positive cells decreased with
the gefitinib-alone and combination treatments. C —> G: sequential combination; C/G: concurrent combination. (C) Quantitation of
CD31 vessel staining, Ki-67 proliferation index, apoptosis index, and apoptosis: protiferation ratio. The columns represent the mean
population of positive cells in five fields. Bars: £5.D. Tumors from mice treated with vehicle (white), CPT-11 {diagonal hatched),
Gefitinib (horizontal hatched), concurrent combination of CPT-11 plus Gefitinib (cross-hatched), or sequential combination of CPT-11
plus Gefitinib (cross-hatched).
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Summary

Background: Eg5 is a microtubute motor protein that functions in bipolar spindle assembly. We
investigated the relationship between Eg5 expression and the response to chemotherapy of
patients with advanced non-small cell lung cancer (NSCLC).

Patients and methods: Eg5 expression was investigated immunohistochemically in 122 formalin-
fixed tumor samples from untreated stage I1IB or IV NSCLC patients. We also investigated cyclin
81 expression, which is involved in the G2/M transition. All patients received antimitotic agents
combined with platinum chemotherapy. The response to chemotherapy was compared in rela-
tion to Eg5 and cyclin B1 expression and in relation to clinicopathological factors.

Results: The response rate to chemotherapy of patients with Eg5-positive tumors was 37%, as
opposed to 10% for patients with Eg5-negative tumors, and Eg5 expression was significantly
associated with the response to chemotherapy (P=0.002). The response rate of patients with
cyclin B1-positive tumors (53%) was higher than that of patients with cyctin B1-negative tumors
{23%) (P=0.009), and Eg5 expression was significantly correlated with cyclin B1 expression
(P=0.005). A multivariate analysis confirmed Eg5 status to be an independent variable related
to response to chemotherapy (P=0.008).

Conclusions: Eg5 expression can predict a response to antimitotic agents combined with plat-
inum chemotherapy among patients with advanced NSCLC.

© 2006 Elsevier Ireland Ltd. All rights reserved.

* Corresponding author. Tel.: +81 3 3342 6111; fax: +81 3 3349 0326.
E-mail address: tsaijo@tokyo-med.ac.jp (T. Saijo).
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1. Introduction

Lung cancer is a major cause of death from cancer world-
wide, and non-small cell lung cancer (NSCLC) accounts for
~85% of all cases of lung cancer. More than half of patients
with NSCLC have advanced stage IiB or IV disease at pre-
sentation, and patients with advanced NSCLC are candidates
for systemic chemotherapy [1]. Meta-analyses have demon-
strated that cisplatin-based chemotherapy for metastatic
NSCLC statistically improves patient survival, compared with
supportive care alone [2]. However, the response rate to
chemotherapy has been poor, and very few patients survive
for 5 years [3]. During the 1990s, five new drugs became
available for the treatment of metastatic NSCLC: paclitaxel,
docetaxel, vinorelbine, gemcitabine, and irinotecan. Each
of these drugs has since been evaluated in combination
regimens with cisplatin or carboplatin and has produced
responses in 20—30% of patients [1]. Unfortunately, despite
the increasing number of active chemotherapeutic agents,
none of these chemotherapeutic regimens has offered a
significant advantage over the others in the treatment of
advanced NSCLC in randomized studies [4,5], and advanced
NSCLC patients still have a median survivat time of <1 year.
Several reasons have been offered to explain the response to
chemotherapy, such as the presence of drug-resistant tumor
cells [6] and the redistribution of tumor cetls within the cell
cycle after chemotherapy. However, the molecular basis of
the response to chemotherapy remains to be explored.

A network of microtrabecular filaments forms the cyto-
plasmic matrix, giving rise to the concept of the cytoskele-
ton, which comprises microtubules, actin, and interme-
diate filaments. Microtubules display a remarkable ver-
satility of function and are involved in muitiple bio-
logic phenomena, including mitosis, cell shape determina-
tion, cell locomotion, and the movement of intracellular
arganelles [7]. Microtubule-polymerizing agents, including
paclitaxel and docetaxel, and microtubule-depolymerizing
agents, including vinorelbine, target preliminary tubulin and
can induce disrupting kinetic stabilization of microtubules’
polymerization—depolymerization, thus blocking the cell
cycle in the mitotic phase [8].

Microtubule mators bind to and move unidirectionatly
on microtubules, and they have been proposed to generate
the force required for spindle assembly and maintenance,
attachment of the chromosomes to the spindle, and move-
ment of chromosomes toward opposite poles. The micro-
tubule motor proteins, which are members of the kinesin,
dynein, or myosin families, can account for many of the
movements of the spindle and chromosomes in dividing
cells. Kinesin motors have been shown to be necessary to
establish spindle bipolarity, position chromosomes on the
metaphase plate, and maintain forces in the spindle [9].
Evidence that kinesin motors facilitate microtubule depoly-
merization also exists, raising the possibility that the motors
modulate microtubule dynamics during mitosis. Eg5, which
is a part of the kinesin-5 molecule (a member of the kinesin
superfamily), is a microtubule motor protein. Eg5 accounts
for many of the movements of the spindle and chromosomes
in dividing cells and localizes to the spindle in mitotically
dividing cells. It has been implicated in spindle function
by both its cellular localization and the effects of muta-
tions. Eg5 function in centrosome or spindle pole body sep-
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aration is necessary for bipolar spindle assembly [10]. The
latest antimitotic agent, named monastrol, is an inhibitor
of mitotic kinesin Eg5 [11,12]. Monastrol arrests mitosis by
reversibly inhibiting mitotic kinesin Eg5 and impairing bipo-
lar mitotic spindle formation. Prolonged mitotic arrest leads
to apoptosis in tumor cells and to senescence or apoptosis
in primary cells, and the inhibition of mitotic kinesin Eg5
results in the formation of monoaster spindles teading to
mitotic arrest [13].

Cyclin and cyclin-dependent kinase complexes play an
important role in the control of the cell cycle [14], and the
cyclin B1/cdc2 complex has a role as a maturation/mitosis-
promoting factor in the G2—M phase transition during the
cell cycle [15]. Thus, tack of regulation of cyclin B1 expres-
sion may be involved in uncontrolled cell growth and malig-
nant transformation. Overexpression of cyclin B1 has been
reported in various malignant tumors and has been shown
to predict a poor outcome in NSCLC, esophageal carcinoma,
and head and neck cancer [16—18].

In this retrospective study, we investigated the level
of expression of Eg5, in addition to cyclin B1—a molecule
involved in the G2/M transition, in clinical samples from
patients with advanced NSCLC who were subsequently
treated with antimitotic agents and investigated whether
its expression predicts response to chemotherapy and out-
come,

2. Materials and methods

2.1. Subjects

A total of 122 stage IHIB or IV NSCLC patients received
ptatinum-based combination chemotherapy combined with
docetaxel, paclitaxel or vinorelbine at the National Cancer
Center Hospital East between August 1997 and July 2004
because of PS 0 or 1 on the Eastern Cooperative Oncol-
ogy Group scale. Adequate tumor biopsy specimens were
obtained from all 122 of these patients before chemotherapy
and were analyzed in this study. All of the tumor specimens
were obtained before chemotherapy, by bronchoscopy in
83 patients, by percutaneous needle biopsy in 31 patients,
by thoracotomy in five patients, and by mediastinoscopy in
three patients. The histological classification was based on
the third edition of the WHOQ classification. Clinical stag-
ing was based on an initial evaluation consisting of a clinical
assessment, chest radiography, computed tomography of the
chest and abdomen, computed tomography or magnetic res-
onance imaging of the brain, and bone scintigraphy. The
current international staging system was used for clinical
disease staging [19]). The clinicopathological characteristics
of all the patients are listed in Table 1. Their median age at
diagnosis was 62 years (range, 42—78 years). Seven of the
43 stage |lIB patients were women, and 32 of the 79 stage IV
patients were women. All of the patients were treated with
antimitotic agents combined with platinum chemotherapeu-
tic regimens in what were considered standard regimens
for patients with metastatic NSCLC [20]. Nine of the 43
stage |lIB patients received thoracic radiotherapy after the
completion of chemotherapy; three of these patients were
women. The median follow-up time of the 122 patients was
26 months (range, 18—54 months).
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Table 1 Characteristics of 122 patients with advanced
NSCLC
Characteristics No. of patients
Total no. of patients 122
Gender

Male 83

Female 39
Age (years)

Median 62

Range 42-78
Histology

Adenocarcinoma 80

Squamous cell carcinoma 28

Large cell carcinoma 13

Others 1
Stage

B 43

v 79
Performance status

0 32

1 90
Chemotherapeutic regimen * :

Cisplatin +vinorelbine 76

Cisplatin + docetaxet 20

Carboplatin + paclitaxel 26
Smoking history

Positive N

Negative 3

NSCLC: non-small cell lung cancer.

After obtaining informed consent in accordance with
our institution’s guidelines, all of the patients underwent
a tumor biopsy and chemotherapy.

2.2, Chemotherapy

The platinum-based regimens were vinorelbine (25mg/m?)
on days 1 and 8 plus cisplatin (80mg/m?} on day 1 of a 21-
day cycle (76 patients), docetaxet (60 mg/m?) on day 1 plus
cisplatin (80mg/m?) on day 1 of a 21-day cycle {20 patients),
and paclitaxel (200 mg/m? administered over 3 h} on day 1
plus carboplatin (dosed with an area under the curve of 6)
on day 1 of a 21-day cycle (26 patients). All of the patients
received two or more courses of chemotherapy before the
appearance of progressive disease. We used the RECIST
guidelines [21] to evaluate the response to chemotherapy.
A complete response was defined as the disappearance of
all clinically detectable lesions for at least 4 weeks. A par-
tial response required a minimum of a 30% reduction in the
greatest diameter of all of the measurable lesions for a min-
imum of 4 weeks. Progressive disease was defined as the
appearance of new lesions or an increase in disease of >20%
measured in the same manner as for partial response. Al
other results were classified as *'no change’’. The response
rate was defined as the total of the complete response cases
and partial response cases expressed as a percentage of all
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cases. PFS (progression-free survival) was measured from
the start of chemotherapy until the documentation of pro-
gressive disease or death.

2.3. immunohistochemistry

Immunostaining was performed on 4-um formalin-fixed,
paraffin-embedded tissue sections. The stides were deparaf-
finized in xylene and dehydrated in a graded ethanol series.
For antigen retrieval, the slides for cyclin 81 were immersed
in 10 mM citric buffer solution (pH 6.0) and the stides for Eg5
were immersed in 1 mM EDTA retrieval fluid (pH 8.0). All of
the slides were heated to 95°C by exposure to microwave
irradiation for 20 min. The slides were then cooled for 1 h at
room temperature and washed in water and PBS. Endoge-
nous peroxidase was blocked with 0.3% H;0; in methancl
for 15 min. Non-specific binding was blocked by preincuba-
tion with 2% BSA plus 0.1% NaN; for 30min; after draining
off the blocking serum, the slides were incubated overnight
at 4°C with anti-Eg5 monoclonal antibody (Clone, 20; Dilu-
tion, 1:50; BD Biosciences, NJ, USA) or with anti-cyclin B1
monoctonal antibody (Clone, 7A9; Dilution, 1:20; Novocas-
tra Laboratories, Newcastle upon Tyne, UK). The slides were
then washed three times in PBS and incubated with a labeled
polymer Envision+ (DAKO, Glostup, Denmark) for 60 min. The
chromogen used was 2% 3,3'-diaminobenzidine in 50 mM Tris
buffer (pH 7.6) containing 0.3% hydrogen. Slides were coun-
terstained with hematoxytin [22,23]. Normal human {ung
tissue was used as a positive control.

Eg5 staining was considered positive if the cytoplasm of
>10% of the tumor cells stained positive. Cyclin B1 stain-
ing was considered positive if the nuclei of >10% of the
tumor cells stained positive, because the cyclin B1/cdc2
complex translocates from the cytoplasm into the nucleus
during the G2/M transition [24—26}. Thus, the criteria for
cyclin B1 positivity used in the present report differed from
those used in other reports on non-small cell lung can-
cer, esophageal carcinoma and head and neck cancer. Alt
of the slides were examined and scored independently by
two observers (T.S. and G.1.) who had no knowledge of the
patients’ clinical data. When the antibody evaluations dif-
fered between the observers, the observers discussed the
results, with or without re-evaluating the slides, until an
agreement was reached.

2.4, Statistical analysis

The correlations between immunohistochemical expression
and the clinical variables and response to chemotherapy
were evaluated by the y2-test or Fisher exact test, as appro-
priate. PFS was used as a clinical marker for duration of
response to chemotherapy. Overall survival was measured
from the start of chemotherapy to the date of death from
any cause or the date the patient was last known to be alive,
Survival curves were estimated using the Kaplan—Meier
method, and any differences in PFS and survival between
the subgroups were compared by using the log-rank test. The
Cox propartional hazards model was used for a multivariate
analysis. A multivariate analysis examining the correlation
between variables and response to chemotherapy was per-
formed by using logistic regression. P values <0.05 were
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Fig. 1 (A-D) immunohistochemical staining of Eg5 in normal lung tissue (A), Eg5 is present in part of the basal layer of the branchial
epithelium in this frozen section of normal lung tissue (400x). (B) Eg5 is also present in parts of the basal layer of the bronchial
epithelium in this formalin-fixed, paraffin-embedded section of normal lung tissue (400x). {C) Eg5 expression is visible in germinal
center lymphocytes giving rise to follicular hyperplasia in this frozen section of normal lung tissue (400x). (D) Eg5 expression is
also visible in germinal center lymphocytes giving rise to follicular hyperplasia in this formatin-fixed, paraffin-embedded section
of normal lung tissue (400x). (E—H) Immunchistochemical staining of Eg5 in NSCLC (E), low magnification (100x} of squamous cell
carcinoma of the lung showing Eg5 immunoreactivity (F), high magnification (200 x) of squamous cell carcinoma of the lung showing
Eg5 immunoreactivity (G), Eg5 staining was considered to be negative in this adenocarcinoma of the lung: the cytoplasm of <10%
of the tumor cells were stained (low magnification; 100x). (H) Eg5 staining was considered to be negative in this adenocarcinoma
of the lung: the cytoplasm of <10% of the tumor cells were stained (high magnification; 200x).
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considered significant. Two-sided statistical tests were used
in all of the analyses. Statistical analysis software (Stat-
View-J Ver. 5.0, Windows)} was used for the analyses.

3. Results

3.1. Expression of Eg5 in normal lung tissue

To investigate the validation of immunostaining in the
present experiment, we first evaluated Eg5 immunostain-
ing in frozen sections and paraffin-embedded tissue sec-
tions of surgical specimens and confirmed that the staining
intensity and specificity in the paraffin-embedded tissue sec-
tions were almost the same as in the frozen sections. Next,
to choose the criteria for immunchistochemical positivity,
normal lung tissue was used for Eg5 immunohistochemical
staining. Representative immunchistochemical Eg5 staining
in normal lung tissue is shown in Fig. 1A-D. In normal lung
tissue, Eg5 expression was observed in some of the cells
in the basal tayer of the bronchial epithelium (Fig. 1A and
B) and in germinal center lymphocytes exhibiting follicular
hyperplasia (Fig. 1C and D). The frequency of positivity for
bronchial epithelial cells and lymphoid germinal center lym-
phacytes were roughly more than 50% and 90%, respectively.
We used these tissues as positive controls, Eg5 immunore-
activity was not detected in the pulmonary parenchyma.

3.2, Expression of Eg5 in NSCLC

The tumors of 82 (67%) of the 122 patients were Eg5 pos-
itive. Cytoplasmic staining was observed in most of the
Eg5-positive tumors, but some tumors also showed nuclear
staining. The median of the percentage staining of the lung
cancer cells for Eg5 was 35% (range, 0—100%). Representa-

tive immunohistochemical Eg5 staining in NSCLC is shown in
Fig. 1E—H. Fig. 1E and F shows the staining results for an
Eg5-positive squamous cell carcinoma of the tung. The cyto-
ptasm of almost 80% of the cancer celis stained positive for
Eg5. Fig. 1G and H shows an Eg5-negative adenocarcinoma
of the lung; this adenocarcinoma of the lung was judged to
be negative for Eg5 because the cytoplasm of <10% of the
tumor cells showed evidence of staining.

The relationships between the expression of Eg5 and clin-
ical variables are shown in Table 2. Eg5 expression was
significantly higher in males than in females (P=0.03), in
squamous cell carcinoma than in non-squamous cell carci-
noma {P=0.02), and in current and former smokers than in
non-smokers (P=0.03).

The tumors of 18 {95%) of the 19 patients with cyclin
B1-positive tumors were Eg5 positive, and the tumors of
39 (98%) of the 40 patients with Eg5-negative tumors were
cyclin B1-negative (data not shown). Eg5 expression was sig-
nificantly correlated with cyclin B1 expression (P=0.005;
data not shown).

3.3. Expression of Eg5 and clinical outcome

All 122 patients were assessed for response to chemotherapy
and survival. The relationships between clinical variables,
Eg5 expression, and cyclin B1 expression, and the response
to chemotherapy and survival in this study are shown in
Table 3.

The chemotherapy response rate of patients with Eg5-
positive tumors was 37%, as opposed to 10% for patients
with Eg5-negative tumors. Eg5 expression was significantly
associated with response to chemotherapy (P=0.002). The
chemotherapy response rate of patients with cyclin B1-
positive tumors was 53%, as opposed to 23% for patients

Table 2 Relationship between clinical variables and expression of primary antibodies

n Eg5-positive (%) patients Cyclin B1-positive (%) patients

Total 122 82 (67) 19 (16)
Gender

Male 83 61 (73y 15 (18)

Female 39 21(54) 4(10)
Histology

Sq 28 24 (86)" 6(21)

Non-sq 94 58 (62) 13(14)
Stage

B : 43 30(70) 819)

Y 79 52 (66) 11(14)
PS

0 32 20 (63) 1(3)

1 90 62 (69) 18(20)"
Smoking history

Positive 91 66 (73 17(19)

Negative 31 16 (52) 2(6)
Sq: squamous; PS: performance status.

" P=0.03.

" P=0.02.
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Table 3  Summary of the relationships between clinical variables and response to chemotherapy and survivat
n Response rate (%) P PFS {months) P MST {months) P

Total 122 28 5.0 12.0

Gender
Male 83 28 0.95 5.0 0.43 10.0 0.046
Female 39 28 7.0 15.0

Histology
Sq 28 32 0.57 5.0 0.72 9.0 0.64
Non-sq 94 27 5.0 13.0

Stage
B 43 33 0.39 6.0 0.01 17.0 0.07
v 79 25 5.0 11.0

PS
0 32 25 0.67 5.0 0.21 14.0 0.16
1 90 29 5.0 10.0

Smoking history
Positive 9 27 0.87 5.0 0.23 10.0 0.035
Negative 3 29 6.0 15.0

Eg5
Positive 82 37 0.002 5.0 0.08 10.0 0.006
Negative 40 10 6.0 13.0

Cyclin B1
Positive 19 53 0.009 5.0 0.77 8.0 0.31
Negative 103 23 5.0 13.0

PFS: progression-free survival; MST: median survival time,

with cyclin B1-negative tumors, and cyclin B1 expression was
also significantty associated with response to chemotherapy
(P=0.009).

The each of PFS and overall survival curves calculated
using the Kaplan—-Meier method according to Eg5 expression
was shown in Fig. 2, The median PFS time for the Eg5-
negative group was 6.0 months, as opposed to 5.0 months for
the Eg5-positive group (Fig. 2A}. The median survival time
for the Eg5-negative group was 13.0 months, as opposed to
10.0 months for the Eg5-positive group (Fig. 2B). Accord-
ing to the overall survival data, the Eg5-positive group had
a significantly poorer outcome than the Eg5-negative group
(P=0.006).

The median PFS time in both the cyclin B1-negative
and the cyclin B1-positive group was 5.0 months (Fig. 2C).
The median survival time in the cyclin B1-negative group
was 13.0 months, as opposed to 8.0 months in the cyclin
B1-positive group (Fig. 2D). Cyclin Bf expression was not
associated with PFS or overall survival. Among the clini-
cal variables, gender and smoking history were significantly
associated with overall survival, and disease stage was sig-
nificantly associated with PFS, also.

3.4. Multivariate analysis for response to
chemotherapy, PFS, and overall survival

Following the univariate analyses for response to
chemotherapy, PFS, and overall survival, we performed
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multivariate analyses. Table 4 shows the results of the
multivariate analysis for response to chemotherapy, PFS,
and overalt survival. The multivariate analysis for response
to chemotherapy was performed using logistic regression
to determine the prognostic value of Egh when other
prognostic factors were considered. A multivariate analysis
that included gender, histology, stage, PS, smoking history,
Eg5 expression and cyclin B1 expression, showed that Eg5
expression was the only significant independent variable
correlated with response to chemotherapy (P=0.008).

A multivariate analysis using the Cox proportional hazards
model for PFS and overall survival was performed, using gen-
der, histology, stage, PS, smoking history, Eg5 expression and
cyclin B1 expression, as variables. No correlation between
variables and PFS was found in the multivariate analysis.
Stage was the only independent variable significantly corre-
lated with overall survival (P=0.036).

4. Discussion

This is the study to investigate the relationship between
the level of expression of Eg5 and the clinical response to
chemotherapy and outcome of previously untreated patients
with advanced NSCLC. Eg5, a kinesin motor, accounts for
many of the movements of the spindle and chromosomes
in dividing cells. It localizes to the spindle in mitotically
dividing cells and has been implicated in spindle function by
both its cellular localization and the effects of mutations.
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(A) Progression-free survival curves of 122 patients with advanced non-small cell lung cancer, according to Eg5 expression.

The median progression-free survival periods of Eg5-negative and -positive patients were 6.0 and 5.0 months, respectively. (B)
Overall survival curves for 122 patients with advanced non-small cell tung cancer, according to Eg5 expression. The median survival
periods for Eg5-negative and -positive patients were 13.0 and 10.0 months, respectively. (C) Progression-free survival curves of 122
patients with advanced non-small cell lung cancer, according to cyclin B expression. The median progression-free survival periods
of Eg5-negative and -positive patients were 5.0 and 5.0 months, respectively. (D) Overall survival curves for 122 patients with
advanced non-small cell lung cancer, according to cyclin B1 expression. The median survival periods for cyclin Bf-negative and

-positive patients were 13.0 and 8.0 months, respectivety.

Eg5 function in centrosome or spindle pole body separation
is necessary for bipoltar spindle assembly [10].

In normal tung tissue, Eg5 expression was found to be
present in some of the cells in the basal bronchial layer of
the bronchial epithetium, but its expression in this region
was not as strong as in lung cancer tissue. The overexpres-
sion of cyclin B1 has been reported in various malignant
tumors and has been shown to predict a poor outcome in
patients with NSCLC, esophageal carcinoma, and head and
neck cancer {16—18]. It has been postulated that the overex-
pression of cyclin B1 is involved in uncontrolled celt growth
and the malignant potential of carcinoma cells. Since the
expression of Eg5 in lung cancer tissue has been found to be
correlated with the expression of cyclin B1, lung cancer tis-
sue that overexpresses Eg5 in comparison with normal lung
tissue is assumed to have greater malignant potential than
lung cancer tissue that does not.

Eg5 expression before chemotherapy was correlated with
response to chemotherapy and Eg5 status was found to be an
independent prognostic factor of response to chemotherapy
in a multivariate analysis. Further investigation showed that
EgS expression was correlated with the response to each
type of regimen: the taxan regimens {CDDP +docetaxel:
n=20; CBDCA + paclitaxel: n=26; P=0.046), and the vinca
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alcaroid regimen (CDDP +vinorelbine: n=76; P=0.02) (data
not shown). The mechanisms by which Eg5 overexpression
affects chemotherapy have not been fully elucidated; nev-
ertheless, Marcus et al. [27] recently reported that mitotic
kinesin Eg5 inhibitors induce mitotic arrest and cell death
in both paclitaxel-resistant and paclitaxel-sensitive cancer
cells and that Eg5 was required for paclitaxel-induced micro-
tubute aster formation (multi-polar spindle configuration)
in an in vitro assay. They suggested that Eg5 functional-
ity is necessary for paclitaxel-induced mitotic arrest and
cell death. These findings may explain our result that Eg5
overexpression before chemotherapy was significantly cor-
related with response to chemotherapy. The resutts for doc-
etaxel can be explained in the same manner as for paclitaxel
because their modes of action are the same. On the other
hand, vinorelbine inhibits the polymerization of tubulin. We
suspect that some unknown interaction between tubulin and
Eg5 may be modified by vinca alcaloids.

Although Eg5 expression was significantly correlated with
response to chemotherapy, the Eg5-positive cases tended to
have a poorer outcome in terms of overall survival than the
Eg5-negative cases. The reason why the Eg5-positive cases
had a poorer outcome remains unclear; despite their higher
response to antimitotic agents, Eg5-positive cells may have
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Table 4 Multivariate analysis

Variabtes Category Risk ratio 95% Cl P
Multivariate analysis for response of advanced NSCLC patients
Gender Male vs. female 0.77 0.245-2.42 0.66
Histology Sq vs, non-sq 0.89 0.31-2.57 0.83
Stage HIB vs. IV 0.64 0.25-1.65 0.35
PS Ovs. 1 0.98 0.34-2.82 0.97
Smoking history (=) vs. (+) 0.59 0.18-1.95 0.39
Eg5 (=) vs. (+) 5.16 1.54—-17.29 0.008
Cyclin B1 (—) vs. (+) 2.82 0.94-8.45 0.06
Multivariate analysis for PFS of advanced NSCLC patients
Gender Male vs. female 0.90 0.56—1.45 0.67
Histology Sq vs. non-sq 0.89 0.55—1.43 0.63
Stage 1B vs. IV 0.60 0.39-0.93 0.02
PS Ovs. 1 0.92 0.59—1.45 0.72
Smoking history (—) vs. (+) 0.84 0.51-1.39 0.50
Eg5 (=) vs. (+) 0.77 0.50-1.19 0.24
Cyclin B1 (=) vs. (+) 1.09 0.62—1.89 0.77
Multivariate analysis for OS of advanced NSCLC patients
Gender Male vs. female 0.74 0.44—1.26 0.27
Histology Sq vs. non-sq 1.03 0.63-1.67 0.92
Stage BB vs. IV 0.63 0.41-0.98 0.04
PS Ovs. 1 0.76 0.47-1.22 0.25
Smoking history (=)vs. (+) 0.74 0.43-1.30 0.30
Eg5 (=) vs. (+) 0.62 0.39-0.97 0.04
Cyclin B1 (=) vs. (+) 1.03 0.59—-1.78 0.93

PFS: progression-free survival; NSCLC: non-smalt cell lung cancer; PS:

a higher malignant potential, contributing to a poor clinical
outcome. This appears to be consistent with the expression
of Eg5 being significantly correlated with the expression of
cyclin B1, which may be involved in uncontrolled cell growth
and the malignant potential of cancer cells.

The inhibition of Eg5 has recently been exploited as an
aid to cancer treatment [12—14,27-32}, and small cell-
permeable molecules that inhibit mitotic kinesin Eg5 and
do not target tubulin arrest cells in mitosis with monoas-
tral spindles. Chromosomes in Eg5 inhibitor-treated cells
frequently have both sister kinetochores attached to micro-
tubules extending to the center of the monoaster. The
mitotic kinesin Eg5 inhibitor also induces apoptosis and
is effective in inhibiting the proliferation of cancer cells
through mitotic arrest. The first small molecule inhibitor
of Eg5 was monastrol [11,12], and second-generation Eg5
inhibitors like CK0106023 [29] and HR22C16 [27], which
are specific allosteric inhibitors of EgS and exhibit anti-
tumor activity in vivo or in vitro, have been discovered
by drug screens. Therapeutic intervention with Eg5-specific
inhibitors has also been reported, and SB-715992 has been
shown to be a potent inhibitor of mitotic kinesin £g5. Eg5
inhibitors may be used as new antimitotic agents to treat
advanced NSCLC in the future.

In conclusion, our findings indicated that the expression
of the mitotic kinesin £g5 can predict a response to antim-
itotic agents combined with platinum chemotherapy among
patients with advanced NSCLC. Qur results have impor-
tant implications for the treatment of NSCLC because Egb
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performance status; Cl: confidence intervat; 0S: averall survival.

inhibitors, which cause tumor cell apoptosis, may be effec-
tive in patients with advanced NSCLC.
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Much evidence has accumulated that the epidermal growth factor
receptor (EGFR) and its family members are strongly implicated
in the development and progression of lung cancers. Somatic
mutations of the EGFR gene were found in about 25-40% of Japa-
nese lung cancer patients. More recently, erbB2 mutations are
found in about 4% of European-derived lung cancer patients. We
have investigated EGFR and erbB2 mutation status in 95 surgi-
cally treated nonsmall cell lung cancer (NSCLC) cases from
Nagoya City University Hospital. Seventy-five adenocarcinoma
cases were included. The presence or absence of EGFR and ernB2
mutations of kinase domains were analyzed by reverse transcrip-
tion polymerase chain reaction (RT-PCR) amplifications and
direct sequences. We have also investigated erbB2 mutation status
in 27 surgically treated NSCLC cases followed by treatment with
gefitinid from Kinki-chuo Chest Medical Center. EGFR mutations
(CTG—-CGG; L858BR) were found from 14 of 95 lung cancer
patients. We also detected the deletion 1a-type mutations from 9
patients and deletion 4-type mutations from 6 patients in exon 19.
In exon 20, 4 mutations including 2 novel mutations were found.
Total EGFR mutations were present in 35 patients (36.8%). These
mutation statuses were significantly correlated with gender
(wemen 73.3% vs. men 20%, p < 0.0001), smoking status (never
smoker 69.4% vs. smoker 16.9%, p < 0.0001), pathologic subtypes
(adenocarcinoma 45.1% vs. nonadenocarcinoma 12.5%, p =
0.0089) and differentiation status of the lung cancers (well 51% vs.
moderately or poorly 18.4%, p = 0.0021). On the other hand,
erbB2 mutation was only found from 1 of 95 patients, at exon 20.
This patient was female and a never smoker with adenocarci-
noma. This 12 nucleotide insertion mutation (2324-2325 ins
ATACGTGATGGC) was located in the exon 20 at kinase domain
(775-776 ins YVMA). There was no erbB2 mutation in 27 gefiti-
nib-treated NSCLC patients. In total, we have found only 1 erbB2
mutation from 122 (0.8%) Japanese NSCLC patients. There was a
significantly higher erbB2 positive (2+/3+) ratio in EGFR mutant
patients (13/25, 52.0%) compared to EGFR wild-type patients {10/
62, 16,1%; p = 0.0247). The NSCLC specimen with erbB2 muta-
tion showed 1+ immunoreactivity. The EGFR mutation status
might correlate with the clinicopathelogic features related to good
response to gefitinib, such as gender, smoking history and patho-
logic subtypes of lung cancers. However, erbB2 mutation is rare
from Japanese lyng cancer and is of limited value for molecular
target therapy.

© 2005 Wiley-Liss, Inc.
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Lung cancer is a major cause of death from malignant diseases,
due to its high incidence, malignant behavior and lack of major
advancements in treatment strategy.! Lung cancer was the leading
indication for respiratory surgery (42.2%) in 1998 in Japan.> More
than 15,000 patients underwent surgical operations at Japanese
institutions in 1998.2 The clinical behavior of the lung cancer is
largely associated with its stage. The cure of the disease by sur-
gery is only achieved in cases representing an early stage of lung
cancer.

There is much accumulated evidence that epidermal growth fac-
tor receptor (EGFR) and its family members are strongly impli-
cated in the development and 4prog-ression of numerous human
tumors, including lung cancer.*® The erbB family comprises 4
structurally related receptors: ErbB1 (EGFR), ErbB2 (HER2-nen),
ErbB3 and ErbB4. On ligand stimulation, the receptor forms either
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homodimers or heterodimers, which activate their cytoplasmic
domain. This tyrosine-auto-phosphorylated region functions as a
docking site for messenger proteins, which initiate cascades of
cytoplasmic and nuclear mitogenic pathways.® Inhibition of this
pathway is facilitated by several newly developed compounds that
have shown promising results in preclinical and clinical trials.”
The EGFR tyrosine kinase inhibitor, gefitinib, was approved in
Japan for the treatment of nonsmall cell lung cancer (NSCLC)
since 2002. Trastuzumab is a recombinant DNA-derived monoclo-
nal antibody that selectively binds to p185 HER2, the protein
product of erbB2. Trastuzumab was approved for breast cancer®
and clinical trials for NSCLC is underway.>'°

Recently, we have found that novel EGFR mutations® status at
ATP binding pockets in Japanese NSCLC patients were correlated
with the clinicopathologic features related to good response to
gefitinib."* These EGFR mutations are predominantly found in
Japanese lung cancer patients (about 25%) when compared to
USA patients (about 8%'* ' to 10%!%). Kasaoka er al. have
reported that the EGFR mutation ratio is 40% of Japanese lung
cancer patients.'$ Actually, EGFR mutations in lung cancer have
been correlated with clinical response to gefitinib therapy in vivo
and in vitro.""™"> More recently, it has been reported that novel
erbB2 mutations at kinase domain were found in 4% of European-
derived NSCLC patients.*’

To determine the EGFR and erbB2 mutation status in Japanese
lung carcinoma for screening purposes, we investigated EGFR
and erbB2 mutation status by the RT-PCR amplifications and
direct sequences. The findings were compared to the clinicopatho-
logic features of lung cancer. :

Material and methods
Study subjects

The study group included 95 lung cancer patients who had
undergone surgery (but did not receive gefitinib) at the Depart-
ment of Surgery I, Nagoya City University Medical School
between 1997 and 2002. We have also investigated erbB2 muta-
tion status for 27 NSCLC patients who had undergone surgery fol-
lowed by treatment with gefitinib at the National Hospital Organi-
zation, Kinki-chuo Chest Medical Center. The lung tumors were
classified according to the general rule for clinical and pathologic
record of lung cancer in Japan,'® All tumor samples were immedi-
ately frozen and stored at —80°C until assayed.

The clinical and pathologic characteristics of the 95 lung cancer
patients are as follows: 52 cases at stage I, 9 at stage II and 34 at
stage II-IV. The mean age was 64.9 years (range, 42-82). Among
the 95 lung cancer patients, 71 (74.7%) were diagnosed as adeno-

Grant sponsor: Grant-in-Aid for Cancer Research (16-1) from the Minis-
try of Heaith, Labour and Welfare; Grant sponsor: AstraZeneca Research
Grant 2004,

*Correspondence to: Department of Surgery I, 1 Kawasumi, Mizuho-
cho, Mizuho-ku, Nagoya 467-8601, Japan. Fax: +81-52-853-6440.

E-mail: hisasaki @med.nagoya-cu.ac.jp

Received 11 March 2005; Accepted after revision 18 April 2005

DOI 10.1002/jc.21301

Published online 7 July 2005 in Wiley InterScience (www.interscience. .
wiley.com).

509



EGFR AND erbB2 MUTATION IN JAPANESE LUNG CANCER

carcinoma, 17 (17.9%) were squamous cell carcinoma and 4
* {4.2%) were adenosquamous cell carcinoma. The samples from
these patients had never been sequenced for EGFR before.

PCR assays for EGFR and erbB2

Total RNA was extracted from lung cancer tissues and adjacent
nonmalignant lung tissues using Isogen kit (Nippon Gene, Tokyo,
Japan) according to the manufacturer’s instructions. RNA concen-
tration was determined by spectrophotometer and adjusted to a
concentration of 200 ng/ml. About 10 cases were excluded
because tumor cells were too few to sufficiently extract tumor
RNA. RNA (1 pg) was reverse transcribed by Superscript IT
enzyme (Gibco BRL, Gaithersburg, MD) with 0.5 ug oligo (dT)1p.1¢
(Amersham Pharmacia Biotech, Piscataway, NI). The reaction
mixture was incubated at 42°C for 50 min and then at 72°C for
15 min. We then nsed 1 pl of each DNA for PCR analyses. The
PCR reactions were performed using LA-Taq kit (Takara Bio,
Shiga, Japan) in a 25 pl reaction volume. The primer sequences
for EGFR gene for kinase domain {exons 18-21) were as follows:
the forward primer, 5-CTCTTACACCCAGTGGAGAA-3 and the
reverse primer, 5-CATCCACTTGATAGGCACTT-3 (572 bp).
The cycling conditions were as follows: initial denaturation at
94°C for 5 min, followed by 35 cycles at 94°C for 40 sec, 60°C
for 40 sec, 72°C for 45 sec The primer sequences for erbB2 gene
for kinase domain (exons 19-22) were as follows: the forward pri-
mer, 5-CGCTTTTGGCACAGTCTACA-3 and the reverse primer,
5-GGGATCCCATCGTAAGGTTT-3 (594bp). The cycling condi-
tions were as follows: initial denaturation at 94°C for S min, fol-
lowed by 35 cycles at 94°C for 40 sec, 60°C for 40 sec, 72°C for
45 sec. The products were purified by Qiagen PCR purification kit
(Qiagen, Valencia, CA). Amplified cDNAs were separated on 1%
agarose gels, and the bands were visualized by ethidium bromide
and photographed under ultraviolet transillumination. These sam-
ples were sequenced by ABI prism 3100 analyzer (Applied Bio-
systems Japan, Tokyo, Japan) and analyzed by BLAST and chro-
matograms by mannal review.

Immunohistochemistry-

Tissue blocks were cut into 4 mm sections and mounted on
silane-coated slides. The slides were then deparaffinized in xylene,
dehydrated in a grade alcohol series and blocked for endogenous
peroxidase with 3% H,0; in absolute methanol, After microwave
pretreatment in Blockace solution, immunostaining was done at
4°C overnight with a rabbit polyclonal c-erbB2 oncoprotein anti-
body (A04085, DakoCytomation, Glostrup, Denmark) at a 1:200
dilution. The expression of exrbB2 was scored as follows: —, no
discemible staining or <10% of cell stained; 1+, >10% of cyto-
plasmic staining or plasma membrane staining with weak inten-
sity; 2+, >10% of plasma membrane staining with moderate
intensity; and 3+, >10% of plasma membrane staining with
strong intensity.

Statistical methods

Statistical analyses were done using the Mann-Whitney U-test
for unpaired samples and Wilcoxon’s signed rank test for paired
samples. Linear relationships between variables were determined
by means of simple linear regression. Correlation coefficients
were determined by rank correlation using Spearman’s test and
x*test. The overall survival of lung cancer patients was examined
by the Kaplan-Meier methods, and differences were examined by
the log-rank test. All analysis was done using the Stat-View soft-
ware package (Abacus Concepts, Berkeley, CA) and was consid-
ered significant when the p-value was less than 0.05.

Results
EGFR gene mutation status in Japanese lung cancer patients

Using the primer sets for EGFR kinase domain, a PCR product
of 572 bp was obtained. When we visualized the PCR products
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Ficure 1 — Novel EGFR mutation at exon 20. Top: a male well-dif-
ferentiated adenocarcinoma patient had the novel 2312-2313 insertion
CAA. Bottom: a female, well-differentiated adenocarcinoma patient
had the novel 2319-2320 insertion AACCCCCAC.

with 1% agarose gel, these samples were further studied. In exon
18, there was no G719S mutation found from this study. In exon
19, 9 patients had the del 1a type mutation, 6 patients had the dele-
tion 4 type mutation and 1 patient had the del b type mutation.
Seven were male and 10 were female. Thirteen were nonsmokers
and 4 were smokers. Fifteen patients had adenocarcinoma, 1 had
squamous cell carcinoma and 1 had adenesquamous cell carci-
noma. Three of the tumors were moderately differentiated, 2 were
poorly differentiated and 11 were well differentiated. Five of 15
adenocarcinomas showed bronchioloalveolar carcinoma (BAC)
pattern at the edge of tumor. Thus EGFR mutation status at exon
19 was significantly comrelated with gender (p = 0.0172) and
tobacco-smoking (p = 0.0008) but not with pathologic stages
(stage I vs. II-1V, p = 0.9144), subtypes (adenocarcinoma vs. non-
adenocarcinoma, p = 0.2675) and differentiation of lung cancer
(well vs. moderately or poorly differentiated, p = 0.3812).

In exon 20, 3 patients had theheterozygous in-frame insertion
mutations. Two were male and 1 was female. All 3 were smokers. A
female, well-differentiated adenocarcinoma patient had the novel
2319-2320 ipsertion AACCCCCAC. A male well-differentiated
adenocarcinoma patient had the novel 2312-2313 inserion CAA
(Fig. 1). We have found one point mutation, C2369T (T790M). This
patient also has the predominant L858R mutation (Fig. 2).

For exon 21, 14 patients had the L858R mutation and 1 patient
had the 1861Q mutation. Four were male and 11 were female.
Twelve were nonsmokers and 3 were smokers. All 15 patients had
adenocarcinoma, 1 was moderately differentiated and 14 were well
differentiated. Six of 15 adenocarcinomas exhibited the BAC pattem
at the edge of the tumor. Thus, exon 21 mutation status was signifi-
cantly correlated with gender (p = 0.0005), smoking status (p =
0.0007), pathologic stages (p = 0.0152), the pathologic subtypes
(p = 0.0329) and differentiation of lung cancer (p = 0.0033).

The mutations detected in lung cancer specimens from 95 lung
cancer patients are summarized in Table I Taken together, 36
mutations were found from 35 lung cancer samples in our analy-
sis. Total EGFR mutations were present in 35 patients (36.8%).
These mutation statuses were significantly correlated with gender
(women 73.3% vs. men 20%, p < 0.0001), smoking status (never
smoker 69.4% vs. smoker 16.9%, p < 0.0001), pathologic sub-
types (adenocarcinoma 45.1% vs. nonadenocarcinoma 12.5%, p =
0.0089) and differentiation status of the lung cancers (well 51%
ys. moderately or poorly 18.4%, p = 0.6021). :

The overall survival of 95 lung cancer patients from Nagoya
City University, with follow-up through December 30, 2003, was
studied in reference to the EGFR mutation status. The patient with
the mutation in the EGFR gene (n = 35, 4 were dead) had a signif-
icantly better prognosis than the patient with wild-type EGFR
(n = 60, 20 were dead; log-rank test p = 0.0143, Breslow-Gehan-
Wilcoxon test p = (.0220), although the observation period was
short (Fig. 3). But a multivariate analysis revealed that pathologic
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FiGURE 2 — The premoninant L858R (2573 T to G) mutation in
exon 21 (top) and T790M (2369 C to T) mutation at exon 20 (bottom)
within the EGFR kinase domain.

TABLE I ~ CLINICOPATHOLOGIC DATA OF 95 LUNG CANCER PATIENTS

EGFR gene status
Factors atatt Wi
uiens peiny | pvalue
Mean age (years) -
64.9 %: 80 35 60
Stage
1 25(72.4%) 27 (45.8%) 0.0274
-1 10(28.6%) 32(54.2%) :
Lymph node metastasis
NO 8(22.9%) 21(35.0%) 03119
N+ 27(71.1%) 39 (65.0%)
BI
Never smoker 25(71.4%) 11 (34.0%) 0.001
Smoker 10 (28.6%) 49 (66.0%)
Differentiation
Well 26 (718.8%) 23 (42.6%) 0.0021
Moderately orpoorly  7(21.2%) 31 (57.4%)
Pathologic subtypes
Adeno 32 (91.4%) 39 (74.7%) 0.0089
Nonadeno 3 (8.6%) 21 (25.3%)
Age
gs 65 19 (54.3%) 29 (48.3%) 0.7269
> 65 16 (45.7%) 31 (51.7%)
Gender
Male 13(37.1%) 52(86.7%) < 0.0001
Female 22.(62.9%) 8(13.3%)

N+, lymph node metastasis positive; Adeno, adenocarcinoma.

stage (p = 0.0006) was the only significant factor but not EGFR
mutation (p = 0.1824).

ErbB2 gene mutation status in Japanese lung cancer patients

We identified only one erbB2 mutation from 95 NSCLC
patients. This 12-nucleotide insertion mutation (2324-2325 ins
ATACGTGATGGC) was located in the exon 20 at kinase domain
(775-7176 ins YVMA) (Fig. 4). This patient was a female non-
smoker with well-differentiated adenocarcinoma, without EGFR
mutation. Adjacent normal lung tissue exhibited a wild-type
sequence for the erbBZ gene, suggesting that this mutation was
sornatic. We have also done sequencing for 27 gefitinib-treated
NSCLC patients. Among 27 patients, 9 patients had EGFR muta-
tions (data not shown). However, no erbB2 mutation was found
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FiGure 3 - The patient with a mutation in the EGFR gene (n = 335,
4 were dead) had a significantly better prognosis than the patient with
wild-type EGFR (n = 60, 20 were dead) (log-rank test, p = 0.0143;

Breslow-Gehan-Wilcoxon test, p = 0.0220), although the observation
period was short.
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Fi6URe 4 — Detection of the insertion mutation in the erbB2 gene in
genomic DNA extracted from lung cancer, (2} The 12 nucleotide
insertion mutation (2324-2325 ins ATACGTGATGGC) was located
in the exon 20 at kinase domain (775776 ins YVMA). (b) Reverse
sequence was performed and confirmed. (¢} Adjacent normal lung tis-
sue showed a wild-type sequence for the erbB2 gene.

within the kinase domain. Totally, we have found only 1 erbB2
mutation from 122 (0.8%) Japanese NSCLC patients.

Immunohistochemistry

The immunohistochemical evaluation was done according to
the scoring system described in Material and Methods, Immuno-
histochemistry was done only for 87 patients because the tissue
blocks were not available for other patients. The erbB2-positive
(2+/3+) ratio was 26.4% (23/87). There was a significantly
higher erbB2-positive ratio in EGFR-mutant patients (13/25,
52.0%) compared to EGFR wild-type patients (10/62, 16.1%)
(p = 0.0247). The patient with erbB2 mutation exhibited 1+
immunoreactivity (Fig. 5).

Discussion

We obtained findings that EGFR mutation status was signifi-
cantly correlated with gender and smoking history of lung carcers.
This was in agreement with the recent reports that EGFR gene
mutations are common in lung cancers from never smokers' >
and females with adenocarcinoma.'V'1 However, our analysis also
suggested that erbB2 mutation might be less common in Japanese
NSCLC patients.
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Ficure 5 — Immunohistochemistry for ErbB2. Left: erbB2-positive (3+) section. Right: the NSCLC specimen with erbB2 mutation exhibited

1+ immunoreactivity.

Overexpression of EGFR/ErbB2 and ErbB ligands is correlated
with advanced diseases and poor patient prognosis.'® Although
EGFR is more abundantly expressed in lung carcinoma,”**! erbB2
overexpression is less common; it is found in <35% of patients
with nonsmall cell lung cancers, mainly in those with adenocarci-
noma.?' Amplification of EGFR and erbB2 mRNA*? or overex-
pression of their proteins® has been found to relate to survival in
patients with NSCLC, although contradictory results have also
been reported.”*** The drug trastuzumab, a humanized antibody
against the extracellular domain of erbB2, has been approved for
treatment of metastatic breast cancer and is most effective in
breast cancer with erbB2 amplification. Preliminary results sug-
gested that the combination of chemotherapy and trastuzumab is
well tolerated for NSCLC.2! However, results from phase II trials
of trastuzumab as a treatment for NSCLC have not shown any
advantage for most patients® and have provided insufficient evi-
dence to proceed to phase I trials.” Because the presence of a
mutation appears to be a determination of response to therapy, as
is the case with gefitinib and EGFR mutations, we therefore inves-
tigated the erbB2 and EGFR gene mutation status. However, we
have found only 1 erbB2 mutation from 122 Japanese lung cancer
patients. More recently, Shigematsu er al. reported that erbB2
mutations were found in 3% (8/269) of Japanese NSCLC.% The
single erbB2 mutation we have found was the same as the one
repeatedly found by Shigematsu et al.?® Because very few NSCLC
patients have gene amplification of erbB2, trastuzumab in the
treatment of NSCLC might have a limited role.” Lung cancers that
coexpress_both EGFR and erbB2 appear to have more virulent
behavior.?’ In addition, EGFR-erbB2 heterodimers are associated
with a stronger and more sustained proliferative signal than EGFR
homodimers.?*?® Blockade of a signaling pathway may in theory
be overcome by compensatory activation of a separate pathway in
the same tumor cell. Because there was a significantly higher
erbB2-positive ratio in EGFR-mutant patients, blockade of both
may ultimately yield superior results.

Because so many EGFR mutation phenotypes were discovered,
it would be of interest to determine whether resistance to EGFR
inhibition emerges through secondary mutation as is the case in
imatinib-treated chronic myelogenous leukemia.”® In our apalysis,
a female never smoker adenocarcinoma patient had the predomi-

nant L858R mutation as well as T790M mutation. Actually, this
case was untreated with EGFR kinase inhibitors. Threonine 315 to
isoleucine substitution in the Abl kinase domain was a critical
structural determinant controlling inhibitor sensitivity of
$T1571.%° Introduction of bulkier hydrophobic side chains at the
Thr-790 position fully preserved the cellular kinase activity of the
EGFR in the presence of selective kinase inhibitors, indicating
potential mechanisms of molecular resistance formation as previ-
ously found for BCR-Abl at T3151. Previous in vitro study showed
that mutation of T790M in the EGFR revealed a hotspot for resist-
ance formation against gefitinib,” also in vivo.

Over the decades, the incidence of lung adenccarcinoma has
increased worldwide. Most individuals with lung adenocarcinoma
{especially women) are nonsmokers,>> who are corresponding with
the sensitive population to gefitinib. In Taiwan, EGFR mutation ratio
from adenocarcinoma was also high (55%, 38 of 69), and all of the
adenocarcinomas with EGFR mutation were well to moderately dif-
ferentiated.?® These data were compatible for our results. Because
well-differentiated adenocarcinoma patients had a better prognosis,*
EGFR mutant patients showed better prognosis in our univariant
analysis. The reason why many mutations were especially found
in Asian, female nonsmoker adenocarcinoma remains unknown,
Human papilloma virus type 16/18 infections, cooking oil fume,
nutritional status, genetic susceptibility, immunologic infection, tuber-
culosis and asthma® have been investigated as causes of lung cancer
occuuring in nonsmoking women.

The findings of the breakdown of EGFR mutations among the 3
exons were interesting. The exon 21 mutations correlated with
pathologic stage and subtype, unlike mutations in exon19. Since
exon 21 mutations are more closed to the activation loop of
EGFR, these may be more correlated with gefitinib sensitivity.
Especially since 3 patients with exon 20 mutations were smokers,
all of the mutations might not be equally correlated with sensitiv-
ity for gefitinib.
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EGFR mutation in gefitinib-
responsive small-cell lung
cancer

Activating mutations within the tyrosine kinase domain of
the epidermal growth factor receptor (EGFR) undetlie
responsiveness to gefitinib in non-small-cell lung cancer
{NSCLC) {1-3]. To date, however, only a few EGFR
mutations have been detected in other solid tumors [4]. We
now describe a patient with gefitinib-responsive small-cell
lung cancer (SCLC) who harbors a deletion in exon 19 of
EGER.

A 72-year-old woman with no history of smoking
presented with a 2-week history of cough, dyspnea and
intermittent hemoptysis. Computed temography (CT)
revealed a mass in the upper lobe of the right lung and a farge
metastatic mass in the liver. Bronchoscopic examination
revealed a tumor occluding the right upper bronchus and
a bronchoscopic biopsy was performed. Treatment with
250 mg of gefitinib once daily was initiated at the patient’s
request, Her symptoms improved rapidly, with CT
performed 3 weeks after the initiation of gefitinib treatment
revealing marked regression of both the primary lung
tumor and the metastatic liver tumor. Histological
examination of the transbronchial biopsy specimens showed
that the tumor comprised small cells with round or oval
nuclei (Figure 1A). The final pathological diagnosis was
thus SCLC and was confirmed independently by three
additional pathologists. Positive staining of the tumor cells
for neural cell adhesion molecule (CD56), a sensitive and
specific marker of neuroendocrine differentiation, supported
the pathological diagnosis. Further immunohistochemical
analysis revealed expression of EGFR in the tumor cells
(Figure IB). Direct sequencing of the region of EGFR that
encodes the kinase domain (exons 18 to 21) in DNA isolated
from tumor biopsy specimens identified a heterozygous
in-frame 15-base pair deletion that resulted in the loss of
amino acids 746 to 750 (delE746-A750) (Figure 1C). This
mutation is identical to a previously described deletion in
exon 19 of EGFR in NSCLC [i-3]. The mutation in the
proband was detected in both sense and antisense sequences
of the products of two independent polymerase chain
reactions.

In contrast to NSCLC, EGFR expression has been reported
to be low in SCLC. Gefitinib was recently shown to inhibit
EGFR signaling in SCLC cell lines that express the receptor
even at a low level [5], however, suggesting the presence of
functional EGFRs in SCLC. As far as we are aware, ours is the
first report of an EGFR mutation in a patient with SCLC,

a finding that suggests that EGFR tyrosine kinase inhibitors
may be a treatment option for a subset of SCLC tumors that
express functional EGERs.
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Figure 1. EGFR expression and mutation in tumor tissue at diagnosis of pefitinib-responsive SCLC. (A} Hematoxylin—eosin staining showed that the
primary tumor was conposed of small cells with round or oval nuclei and sparse cytoplasni. (B) Immunochistochemical analysis showed expression of EGFR
in tumor cells. {C) Nucleotide sequencing of EGFR in tumor DNA revealed a heterozygous in-frame deletion within the region of the gene encoding the
tyrosine kinase domain (double peaks).
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