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per cell and the frequency of tumor cells with specific
number of copies of the EGFR gene and chromosome 7
centromere: high polysomy (>4 copies in >40% of cells)
and gene amplification (defined by presence of tight EGFR
gene clusters and a ratio of EGFR gene to chromosome of
>2 or =copies of EGFR per cell in =10% of analyzed
cells) were considered as FISH positive. Disomy (<2 cop-
ies in >90% of cells); low trisomy (<2 copies in >40% of
cells, 3 copies in 1040% of cells, 4 >copies in <10% of
cells); high trisomy (<2 copies in >40% of cells, 3 copies
in >40% of cells, >4 copies in <10% of cells) and low
polysomy (>4 copies in 10-40% of cells) were considered
as FISH negative.

Immunohistochemistry

EGFR protein expression was evaluated by immunohis-
tochemistry using the mouse anti-human EGFR, clone 2-
18C9 monoclonal antibody (Dako NorthAmerica, Inc.,
Via Real, Carpinteria, CA, USA). Four micrometer sec-
tions were made from paraffin tissue blocks from lung
tumors. The slides were treated with xylenes, and then
dehydrated in atcohol. After treated with proteinase K for
5 min, endogenous peroxidase was blocked with Peroxi-
dase (H,0,) Block. After washed with Wash Buffer
(Dako NorthAmerica Inc., USA), the slides were incu-
bated with the monoclonal antibody against EGFR
(ready-to use) for 30 min at room temperature, Labeled
Polymer, HRP (30 min) and 3,3-diaminobenzidine
(DAB) substrate (10 min) were used to visualize the anti-
body binding, and the sections were counterstained with
hematoxylin. The intensity score was defined according
to Cappuzzo etal. (2005); 1=barely detectable,
2 =readily appreciable brown staining, 3 = dark brown
staining, 4 = very strong staining. The total score was
calculated by multiplying the imtensity score and the
fraction score (positive cells; 0-100%). Scores of 201-
400 were considered positive.

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 the vari-
ables were determined by means of simple linear regres-
sion. 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 Kap-
lan-Meier methods, and differences were examined by the
log-rank test. All analyses were done using the Stat-View
software package (Abacus Concepts Inc. Berkeley, CA,
USA), and were considered significant when the P-value
was less than 0.05.

Results
EGFR gene copy number and clinical outcome

First we assessed EGFR copy number by FISH according
to Cappuzzo et al. criteria (2005). High polysomy for the
EGFR gene was present in 44.4% (n = 12), and low poly-
somy in 11.1% (n = 3) (Fig.1). However no association was
observed between gene amplification and clinical charac-
teristics (Table 1). Smoking status (never smoker vs.
smoker, P =0.1283), pathological subtypes (adenocarci-
noma vs. non-adenocarcinoma, P =0.6280), or gender
(male vs. female, P=0.2519) did not correlate with the
EGFR amplification status. FISH positive results were
obtained in 40% of the patients with EGFR mutations.
Three other patients with EGFR mutations had low poly-
somy.

A partial response (PR) was achieved in 14 patients, 5
patients had stable disease (SD), and 8 had progressive dis-
ease (PD). EGFR amplification status was not associated
with gefitinib response (P =0.7036). EGFR amplification
status was not significantly correlated with prognosis (log-
rank test, P=0,1278; Breslow—Gehan-Wilcoxon test,
P =0.0528) (Fig. 2).

EGFR protein expression and clinical outcome

EGFR protein expression was evaluated by immuno-
histochemisry (Fig. 3) and the outcome of patients accord-
ing to the protein score is shown in Fig. 2. Patients with
EGFR immunohistochemistry positive (n=13) did not
have auy advantage for outcomes after treated with gefiti-
nib therapy (P = 0.7921).

EGFR gene mutation status in Japanese lung cancer
patients

~ Among 27 patients, 15 had EGFR mutations, including four

deletion 1a type mutations (2235-2249 del GGAATTAA
GAGAAGC), wwo other types of exon 19 deletion muta-
tions and six L858R mutations. Interestingly, exon 20
insertion mutant patients experienced progressive disease
(manuscript submitted). We also compared associations
between EGFR mutation status, FISH status, and protein
expression in each tumor with patient’s outcome, Summa-
rized data are shown in Table 2. The overall survival of 27
gefitinib treated-lung cancer patients from Nagoya City
University, with follow-up through 30 April 2007, was
studied in reference to EGFR mutation status. EGFR muta-
tions were not associated with FISH+ status, and high pro-
tein expression (wild type; 57.1% vs. P >0.9999). Gene
mutations were statistically significantly associated with
better response (P = (0.0018) and longer survival. Patients
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Table1 Clinico-pathological

data of 27 lung cancer patients EGFR gene stans
Factors FISH positive FISH negative P value
patients patieats
Mean age (years) 64.0 + 11.9 12 15
Pathological subtypes
Adeno 9 (40.9%) 13 (59.1%) 0.6260
Noz-adeno '3 (60.0%) 2 (40.0%)
Gender
Male 8(57.1%) 6 (42.9%) 0.2519
Female 4 (30.8%) 9 (69.2%)
Smoking status
Never smoker 4 (28.6%) 10 (71.4%) 0.1283
Smoker 8 (61.5%) 5 (38.5%)
Differentiation
Well 6 (35.3%) 11 (64.7%) 0.2566
Moderately or poosly or Others 6(60.0%) 4 (40.0%)
Gefitinib response
Responder 7 (50.0%) 7 (50.0%) 0.7036
Noa-responder 5(38.5%) 8 (61.5%)
EGFR mutations
Wild type 6 (50.0%) 6 (50.0%) 0.8052
Mutant 6 (40.0%) 9 (60.0%)
THC
IHC immunchistochemistry, Paositive 9 (69.2%) 4 (30.3%) 0.0213
Adeno adenocarcinoma Negative 3 (21.4%) 11 (78.6%)

Fig.1 FISH aha]ysis for lung

cancer tissues. Left high poly-
somy case (4 copy numbers in
cells >40%), right disomy case

with EGFR mutations were significantly better in prognosis
than the patients with wild type (log-rank test P = 0.0023,
Breslow-Gehan-Wilcoxon  test,
Smoking status (never smoker vs. smoker, log-rank test
P =0.0032; Breslow—Gehan-Wilcoxon test, P =0.0012),
and pathelogical subtypes (adenocarcinoma vs. non-adeno-
carcinoma, log-rank test P = (.0011, Breslow-Gehan--Wil-
coxon test, P=0.0019), but neither gender (male vs.
female, log-rank test P =0.0709, Breslow~Gehan-Wilco-
xon test, P=0.0353), nor response (log-rank test
P =0.2465, Breslow—Gehan-Wilcoxon test, P =0.0588)

&) Springer

P=00012) (Fig. 4).

were correlated with better prognosis. Using the Cox haz-
ard regression model, EGFR mutations (= 0.0208) and
smoking status (P = 0.0218) were independent prognostic
factors, but not pathological subtypes (0,1121). In this anal-
ysis, only one X-ras codon 12 mutation was found among
27 patients. This patient was wild type for EGFR and did
not respond to gefitinib therapy.

We have sequenced 27 NSCLC patients who had under-
gone surgery followed by treatment with gefitinib at the
National Hospital Organization, Kinki-chuo Chest Medical
Center and already reported. We have added these data
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Fig. 2 The overall survival of 27 gefitinib untreated lung cancer pa-
tients was studied in reference to the EGFR amplification status (lef?)
and EGFR protein expression (right). Prognosis from patieats with
EGFR amplification (n = 12, 9 were dead) and without EGFR amplifi-
cation (n =15, 8 were dead) was not significantly different (log-rank

Fig. 3 EGFR protein expres-
sion by immunohistochemistry.
Left positive case, right negative
case

(Tabile 3). Ten patients had EGFR mutations, including two
L858R, one deletion type 1a, and one G7198 at exon 18.
Three patients had deletion 1b type mutation (2236-2250
del GAATTAAGAGAAGCA). Of 54 patients, 25 were
male and 29 female. Twenty-eight were never smokers and
26 were smokers. Forty-eight patients had adenocarcinoma,
four had squamous cell carcinoma and one had adenosqua-
mous cell carcinoma. EGFR mutation status was signifi-
cantly correlated with better prognosis (log-rank test
P =0.0128, Breslow-Gehan-Wilcoxon test P=0.0051).
Patients with EGFR mutation at exon 19 deletion 1 types
had significantly better prognosis than wild type patients
(P =0.0032). However, the prognosis of patients with
L858R mutation and wild type was not significantly differ-
ent (P = 0.2823) (Fig. 5).

Discussion

We obtained the findings that the EGFR amplification,
detected by FISH according to Cappuzzo et al. criteria, was
not associated with the response to gefitinib. EGFR muta-
tions, smoking history, and pathological subtype of lung
cancers were correlated with survival of gefitinib-treated
patients. This was in agreement with the recent reports that

o4 . HC+

0 200 400 600 800 1000 1200

test, P =0.1278; Breslow-Gehan-Wilcoxon test, P = 0.0528). Prog-
nosis from patients with positive EGFR expression (n=13, 8 were
dead) and without negative EGFR expression (n= 14, 9 were dead)
was not significantly different (Jog-rank test, P =0.7921; Breslow-
Gehan-Wilcoxon test; # = 0.9105)

EGFR gene mutations are prognostic factor for gefitinib
therapy (Takano et al. 2005; Mitsudomi et al. 2005; Sone
et al. 2007). In addition, our analysis also suggested that the
deletion type EGFR mutation might be more correlated
with the survival for gefitinib-treated patients.

Some limitations to the study must be taken into consid-
eration. Our finding is so far based on a single retrospective
study with a relatively small number of patients, and the
data need to be verified in a large cohort of patients and
prospectively. The EGFR status was determined on the
tumor tissue at the time of primary diagnosis, and possible
changes after chemotherapy were not determined in this
study (Cappuzzo et al. 2007).

Previous report suggested that NSCLC patients with
resected tumors carrying high EGFR gene copy number
have a tendency to a shorter survival (Hirsch et al. 2003).
This might affect the controversial results of Cappuzo et al.
(2005) In our analysis, FISH positive population did not
correlate with the gender, smoking status and pathological
subtypes. The presence of EGFR gene amplification did not
reach statistical significance. An interesting finding was the
association between EGFR mutations and increased gene
copy number, a phenomenon that was recently described in
the human lung cancer cell line H3255 (Tracy et al. 2004)
and is probably relevant to gefitinib sensitivity. In fact,
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Table 2 EGFR mutation and amplification statuses in 27 gefitinib treated patients

Age Gender Smoking Pathology EGFR mutation EGFR amplification THC score Survival (day)
71 F 0 Adeno Della High polysomy 220 1,080 (A)
72 M 600 Adeno L858R Low polysomy 240 885 (A)
76 M 800 Adeno WT High polysomy 90 248 (D)
72 M 0 Adeno exon 20 ins V Disomy 80 660 (A)
70 M 1,000 Adeno L858R Disomy 210 515 @)
61 F 0 Adeno WT Disomy 160 854 (D)
51 M 500 Adeno Della High polysomy 220 286 (D)
76 F 0 Adeno wT Disomy 30 640 (D)
57 M 20 Adeno wT High polysomy 210 101 (D)
77 M 1,200 Adeno wWT Disomy 0 168 (D)
38 M 300 Adeno L858R High polysomy 210 430 (D)
73 F 0 Adeno G7198 Disomy 180 339 (D)
42 F 0 Adeno Del4 High polysomy 100 700 (A)
76 F 920 scC WwT High polysomy . 220 145 (D)
56 F 0 Adeno L858R High polysomy 200 368 M)
56 M 1,200 Adeno WwT High polysomy 200 85 (D)
78 M 1200 scc wT High polysomy 250 174 (D)
42 M 400 SCC WwT Disomy 120 110 (D)
67 M 800 Adeno wT Disomy 80 384 (D)
63 M 600 Adsq WwT High polysomy 90 11 D)
47 F 0 Adeno Del5 Disomy 210 945 (A)
62 F 0 Adeno L858R Disomy 80 245 @)
7 F 0 Adeno L861Q Low polysomy 210 210 (A)
61 F 0 Adeno Della Low polysomy 120 180 (A)
64 F 0 Adeno WT Disomy 180 230 (A)
72 M 0 Adeno 1.358R High polysomy 210 110 (A)
77 F 0 Adsq Della Disomy 60 210 (A)

+ Female, M male, Adeno adenocarcinoma, SCC squamous cell carcinoma, Adsq adenosquamous cell carcinoma, WI wild type, IHC immunohis-

tochemistry, A alive, D death

6 - EGFR motant
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Fig. 4 The overall survival of 27 gefitinib-treated lung cancer patients
was studied in refereace to the EGFR mutation status. Prognosis from
patients with EGFR mutations (n = 15, 6 were dead) was significantly
better than the patients without EGFR mutations (2= 12, 11 were
dead) (log-rank test, P =0.0023, Breslow-Gehan—Wilcoxon test;
P=0.0012)

a Springer

among the 15 patients with . EGFR mutations who
responded to gefitinib therapy, six were also FISH positive
(high polysomy) and three were low polysomy. However,
between the two non-responding patients with EGFR muta-
tions, both were FISH negative. Sone et al. (2007} reported
that the EGFR mutations and not the gene amplifications
were the predictors of gefitinib efficacy in Japanese lung
cancers. They evaluated the biopsy specimens and 5/59
samples were small and inadequate for FISH analysis.
Another possible explanation for the discrepancies between
the findings from the studies described by Cappuzo et al.
and our findings is the difference in EGFR mutation sta-
tuses according to ethnicity. Han et al. (2006) investigated
EGFR gene mutations, gene amplification, K-ras mutation,
and Akt phosphorylation in tumor samples from East-Asian
patients with NSCLC and demonstrated that EGFR muta-
tion was an independent predicior of response and survival
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Table 3 Clinico-pathological data of 54 lung cancer patients

EGFR gene status
Factors Mutation Wild type P-value
patients patients
Mean age (years) 26 28
625 £ 11.5
Pathological subtypes
" Adeno 25 (52.1%) 23 (47.9%) 0.1938
Non-adeno 1(16.7%) 5(83.3%)
Gender
Male 11 (44.0%) 14 (56.0%) 0.5952
Female 15 (51.7%) 14 (48.3%)
Smoking status
Never smoker 18 (64.3%) 10 (35.7%) 0.0168
Smoker 8 (30.8%) 18 (69.2%)
Age
<60 13 (61.9%) 8 (38.1%) 0.1626
>60 13 (39.4%) 20 (60.6%)
Gefitinib Response
PR 19 (30.8%) 6 (69.2%) <0.0001
SD or PD 7 (27.8%) 22 (12.2%)

PR Progressive disease, SD stable disease, PD progressive disease

in a multivariate analysis. FISH-positive results were asso-
ciated with better response rate, the same as EGFR muta-
tion in the univariate analysis, but were not associated with
prolonged survival (Han et al. 2006).

Although many reports have identified more than 30
different mutation in the tyrosine kinase domains of EGFR,
the vast majority of which can be grouped into three major
types, including in-frame deletion at exon 19, single-nucle-
otide substitution at exon 18 or 21 and in-frame duplication
at exon 20 (Paez et al. 2004; Lynch et al. 2004; Pao et al.
2004; Shigematsu et al. 2005). The L858R missence muta-
tion in exon 21 and deletions in exon 19 have been proven
to be activating mutations (Paez et al. 2004; Lynch etal.
2004; Pao et al. 2004). The L858R single-nucleotide substi-
tution mutation located near the conserved Asp-Phe-Gly
sequerce, stabilizes the activation Joop (A-loop) (Paez et al.
2004; Shigematsu et al. 2005). The deletions in exon 19
were located on the side of the alpha-C-helix in the N lobe,

.which controls the angle of the ATP-binding pocket. This

mutation might result in similar conformational changes in
EGFR that cause a shift in the helical axis that results in the
narrowing of the ATP-binding cleft, which leads to
increased gene expression and tyrosine kinase inhibitor
sensitivity. In vitro analysis, Y845 position of EGFR was
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Fig.5 The overall survival of 54 gefitinib-treated lung cancer patients
was studied in reference to the EGFR mutation status. Lef? upper prog-
nosis from patients with exon 19 deletion mutations (n = 12, 3 were
dead) was significantly better than the patients without EGFR muta-
tions (Log-rank test, P =0.0032, Breslow-Gehan-Wilcoxon test;
P =0.006). Right upper prognosis from patients with L858R mutation

(n =8, 5 were dead) and patients without EGFR mutatiop was not sig-
nificantly different (log-rank test, P = 0.2823, Breslow-Gehan~Wilco-
xon test; £ = 0.142). Left lower there was a tendency towards better
prognosis in the patients with exon 19 deletions than in the patients
with the L858R mutation (fog-rank test, # = 0.1032, Breslow-Gehan—
Wilcoxon test; P = 0.1732)
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highly phosphorylated in the L858R mutant, but not in the
wild type or the exon 19 deletion mutant, and hence
appears to be umique in distinguishing the two types of
EGFR mutant (Sordella et al. 2005). This might explain the
difference in gefitinib response between tumors with L§58R
and those with deletions. Mitsudomi et al. (2005) noted a
62% (8 of 13) response rate in patients with EGFR point

mutations compared with 100% (16 of 16) response rate in -

patients with EGFR exon 19 deletion (P =0.0019). Two
recent studies reported that patients with EGFR exon 19
deletion mutations had a longer median survival than the
patients with EGFR 1L858R mutations, although these
patients were treated with erlotinib or gefitinib (Jackman
et al. 2006; Riely etal. 2006). The findings of the break-
down of EGFR mutations among the three exons were
interesting, and all the mutations might not be equally cor-
related with sensitivity for gefitinib.

In summary, our results indicate that high EGFR gene
amplification identified by FISH may not be an effective
molecular predictive marker for gefitinib sensitivity in Jap-
anese patients with NSCLC. Prospective data would be
needed to determine if the treatment with gefitinib alters the
natural history of patients with EGFR mutated Japanese
NSCLC.
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