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Discussion

B,-Agonists have been shown to modulate several
functions of eosinophils in response to a variety of inflam-
matory mediators [20]. In this study, we observed that
IL~5-induced adhesion of eosinophils to rh-ICAM-1 was
partially inhibited by salbutamol, a representative in-
haled B,-agonist. This result is consistent with our previ-
ous observation that IL-5-induced cosinophil adhesive-
ness was attenuated by tulobuterol, a B-agonist [21], The
fact that montelukast, an LTRA, partially attenuated IL-
5-induced adhesion of eosinophils to ICAM-1 is not what
we expected. Although the exact mechanism remains un-
known, both IL-5 and ICAM-1 have the ability to am-
plify eosinophil gencration of cysLTs [27-29]. The com-
bination of these two factors may induce the generation
of cysLTs in vitro, which in turn augments the adhesion
of eosinophils [11]. Nonetheless, these observations sug-
gest that both B,-agonists and LTRAs may downmodu-
late the interaction of eosinophils with ICAM-1 in the
presence of IL-5.

This study confirms our previous observations that
LTD, directly induced activation of the respiratory burst
and adhesion to ICAM-1 of eosinophils. These effects of
LTD, were significantly inhibited by montclukast, indi-
cating that LTD, acts mainly via cysLT1 receptors ex-
pressed on eosinophils. [n contrast to montelukast, a high
concentration of salbutamol failed to modify LTD-in-
duced activation or adhesion of eosinophils, suggesting
that LTD4-induced activation and adhesion of eosino-
phils are insensitive to B,-agonists. These results suggest
that LTRAs may provide preferential effects on the regu-
lation of airway inflammation in asthma, especially under
the condition that cysLTs are highly involved. Neither
montelukast nor salbutamol modified PMA-induced O3
generation from eosinophils, suggesting that eosinophil
activation via protein kinase C is insensitive to these
pharmacological agents.

There is evidence that a cysL.T contributes to the ac-
cumulation of eosinophils in the airways of asthmatics.
There is also increasing evidence that the addition of an
LTRA, but not an LABA, to ICS additionally reduces the
number of eosinophils in sputum, blood and exhaled ni-
tric oxide in asthma [22, 23], Our results that an LTRA,
but not a Bs;-agonist, modified eosinophil activation in-
duced by a cysLT may provide new insights into the
mechanisms by which antiasthma therapy regulates eo-
sinophilic inflammation in asthma. When activated, a
variety of inflammatory cells involved in asthmatic in-
flammation are capable of generating cysLTs at sites of

Effect of Bs-Agonists and Leukotriene
Antagonists on Eosinophils

allergic inflammation, and therefore, eosinophils are like-
ly to be exposed to LTDy [30, 31]. Meanwhile, LTD, in-
duces the respiratory burst of eosinophils and enhances
the interaction between eosinophils and ICAM-1, which
is constitutively expressed on airway epithelium [11, 12].
An oxygen metabolite, hydrogen peroxide, also augments
both the expression of ICAM-1 on endothelial cells [32]
and eosinophil adhesion to ICAM-1 [24]. Interaction
with JCAM-1 enhances the effector functions of eosino-
phils, including the generation of cysLTs [33]. Finally, the
chemotactic response [12, 14], enhanced survival [15]
and interaction between ICAM-1 and eosinophils would
be augmented by newly generated cysLTs. Thus, an
LTRA can modify the adhesion and other effector func-
tions of eosinophils induced by cysLTs, and thereby may
effectively contribute to the downregulation of eosino-
philic inflammation in asthma. Our observations also
raise the possibility that eosinophilic inflammation caused
by cysLTs is insensitive to B,-agonists. Despite its effects
on eosinophil activation induced by a variety of media-
tors including IL-5, it is unlikely that B,-agonists, even at
high concentrations, are capable of regulating the cysLT-
dependent mechanisms of eosinophilic inflammation in
asthma. These differential pharmacological properties
would explain the eventual manifestations of the effects
of LTRAs and PB,-agonists, especially in combination
with ICS, on the regulation of airway inflammation in
asthma.

A combination of ICS and an LABA preferentially im-
proves symptoms and pulmonary function as compared
with ICS plus an LTRA; however, underlying eosinophil-
ic inflammation is a fundamental feature of asthma and
may result in airway remodeling [1-3]. Recent evidence
suggests that the addition of an LTRA, but not an LABA,
to ICS further reduces airway inflammation of asthma
[22, 23]. Our observations partially explain such differ-
ential effects of LTRAs and LABAs on inflammation in
asthma and raised the possibility that LTRAs may pro-
vide preferential effects in terms of prevention of airway
remodeling.

Int Arch Allergy Immunol 21
2006;140(suppl 1):17-22
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Gefitinib for non-small-cell lung cancer patients with epidermal
growth factor receptor gene mutations screened by peptide
nucleic acid-locked nucleic acid PCR clamp
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M Kanazawa', K Hagiwara' and K Kobayashi®'
' Department of Respiratory Medicine. Saitama Medicol University, 38, Morohongo, Morgyama-machi, lrumo-gun, Saitoma 350-0495, Japan

W
p
)

=
A
wn
™
o
=
(¢

This study was prospectively designed to evaluate a phase Il study of gefitnib for non-small-cell lung cancer (NSCLC) patients with
epidermal growth factor receptor (EGFR) mutations. Clinical samples were tested for EGFR. mutations by peptide nucleic acid-locked
nucleic acd PCR clamp, and patients having EGFR mutations were given gefitinib 250mg daily as the second treatment after
chemotherapy, Poor PS patients omitted chemotherapy. Of 107 consecutive patients enrolled, samples from 100 patients were
informatve, and EGFR mutations were observed in 38 patients. Gefitinib was given to 27 patients with EGFR mutations, and the
response rate was 78% (one complete response and 20 partial responses; 95% confidence interval: 58-93%), Median time to
progression and median survival ime (MST) from gefitimib treatment were 9.4 and | 5.4 months, respectively. Grade 3 hepatic toxcrty
and skin toxcity were observed in one patient each. There were significant diferences between EGFR mutations and wild-type
patients in response rates (78 v 14%, P=00017), and MST (154 vs | |.| months, P=0.0135). A Cox proportional hazards mode!
indicated that negative EGFR mutation was a secondary prognostic factor (hazards ratio: 2.259, P =0.036). This research showed the

need for screening for EGFR mutations n NSCLC patients.
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Gefitinib is an orally active epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor that competes with ATP for the
ATP-binding site in the cytoplasmic tail of EGFR (Brehmer ef al,
2005). Gefitinib was studied in two trials: the Iressa® Dose
Evaluation in Ad ed Lung Cancer (IDEAL)-1 and IDEAL-2
trials (Fukuoka et al, 2003; Kris et al, 2003). Patients enrolled in the
IDEAL-1 and IDEAL-2 trials were required to have failed only one
prior platinum-containing regimen, and a platinum plus docetaxel,
respectively. In the IDEAL trials, the response rates ranged from 9
to 19%. Grades 3 and 4 toxicities were relatively uncommon. Based
on the IDEAL trials, gefitinib received registration approval by the
US Food and Drug Administration (FDA) for the second- and
third-line treatment of non-small-cell lung cancer (NSCLC)
(Siegel-Lakhai er al, 2005). The Iressa® Survival Evaluation in
Lung Cancer (ISEL) trial investigated gefitinib in second- and
third-line NSCLC patients to investigate the survival benefit of
gefitinib monotherapy compared with placebo. A total of 1692
patients who were refractory to or could not tolerate chemotherapy
were enrolled. The results showed significantly greater tumour
shrinkage in the gefitinib arm, but the overall survival durations
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were similar in both arms: 5.6 months in treated patients vs 5.1
months in patients received placebo, This failure of gefitinib to
show a survival advantage over placebo resulted in controversy
about the registration (Thatcher er al, 2005; Twombly, 2005).

In 2004, it was shown that mutations in the EGFR gene are
significantly associated with response to two tyrosine kinase
inhibitors, gefitinib (Lynch er al, 2004; Paez et al, 2004). The
majority of EGFR tyrosine kinase domain mutations occur in two
‘hot spots’, exons 19 and 21. In exon 19, deletions eliminate four
highly conserved amino acids (LREA). In exon 21, a missense
point mutation substitutes an amino acid at position 858 (L858R).
Among various mutations found in the EGFR tyrosine kinase
domain, only the following have so far been positively associated
with a response to gefitinib or erlotinib from retrospective
analyses: G719C (exon 18), some of the common exon 19 deletions
(LREA), L861Q (exon 21) and L858R (exon 21) (Pac and Miller,
2005). All such mutations result in conformational changes that
lead to increased sensitivity to tyrosine kinase inhibitors.

Several retrospective studies have shown that higher rates of
these mutations were found in females, in never-smokers, in
Asians and in patients with adenocarcinomas (Mitsudomi et al,
2005; Tokumo et al, 2005). And a better response to gefitinib has
been reported in patients harbouring EGFR mutations (Taron et al,
2005). These results indicate that screening of patients for EGFR
tyrosine kinase domain mutations before treatment with gefitinib
or other EGFR inhibitors may predict the clinical benefit of the
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treatment. However, approaches frequently required biopsy or
surgical specimens, as well as skilful techniques (Lynch et al, 2004;
Paez et al, 2004; Mitsudomi et al, 2005; Pao and Miller, 2005;
Tokumo et al, 2005 Twombly, 2005). We developed a method,
peptide nucleic acid-locked nucleic acid (PNA-LNA) PCR clamp,
capable of detecting EGFR mutations in the presence of 100-fold
background levels of wild-type EGFR from normal cells (Nagai
et al, 2005), Because of its high sensitivity and specificity, PNA-
LNA PCR clamp was considered suitable to detect EGFR mutations
both in histological samples such as surgical specimens, and in
cytological samples such as sputum and pleural effusions.

This phase II study was prospectively designed to evaluate the
effect of geﬂtinﬂ: in NSCLC patients with EGFR gene mutations
screened by PNA-LNA PCR clamp.

PATIENTS AND METHODS

The two-step protocol of this phase II study, that is (i) testing for
EGFR mutations by PNA-LNA PCR clamp, and (ii) administering
gefitinib to NSCLC patients with EGFR mutations, were approved
by the Institutional Review Board (IRB) of Saitama Medical
University Hospital. This study was performed in accordance with
the Declaration of Helsinki (1964, amended in 2000) of the World
Medical Association.

Primary entry criteria and testing for EGFR mutations

Consecutive NSCLC patients who were admitted in our single
institution and gave written informed consent for testing for EGFR
gene mutations by PNA-LNA PCR clamp, which was designed to
detect 11 different EGFR mutations. Detection rate (sensitivity) by
PNA-LNA PCR clamp is 89% and its accuracy (specificity) is 100%.
In PNA-LNA PCR clamp, existence of other types of EGFR
mutation is realised by seeing escape of the inhibition of
amplification by the clamp primer, and, in this case, a direct
sequencing method is employed to seck other types of EGFR
mutation. Finally, overall sensitivity and specificity of this system
is 97 and 100%, respectively, using clinical samples (submitting).
The cytology specimens were divided into pathology samples (the
main sample) and PNA-LNA PCR clamp samples (a small aliquot).
When the pathologist confirmed a pathology sample to contain
cancer cells (i.e. rated as classes IV or V), the cells in the PNA-LNA
PCR clamp samples, which had been collected and stored in the AL
buffer (a buffer containing protein denaturant: Qiagen, Hilden
Germany), were then subjected to the analysis. While, the paraffin-
embedded tissue specimens were serially thin-sliced: one slice was
used to confirm the presence of cancer cells under microscopy,
whereas the others were investigated by the PNA-LNA PCR
reaction,

The PNA-LNA PCR clamp method has been described in detail
(Nagai er al, 2005). Briefly, primers used were

F18: 5'-GGTAGCTGTTCAGTTAAAGAACACC-3' and

B18: 5'-CCTTTGGTCTGTGAATTGGTC-3' for exon 18,

F19: 5'-CTGGATGAAATGATCCACACG-3 and

B19: 5"“TGGGTAGATGCCAGTAATTGC-3' for exon 19, and
F21: 5'-CTGGATGGAGAAAAGTTAATGGTC-3' and

B21: 5'-CAGCAAGTACCGTTCCCAAAG-3' for exon 21.

PCR primers were designed manually or by using Primer 3
software (http:/frodo.wi.mit.edu/cgi-bin/primer3/primer3.cgi) so
that the T, values were between 55 and 60°C. Fluorogenic probes
containing LNA were manually designed and confirmed by the
LNA T, prediction tool (http:/lna-tm.com/) to have T, values
between 54 and 56°C. Peptide nucleic acid clamp primers, 14- to
L8-mer in length, were designed according to the guidelines
(Ugozzoli et al, 2004). LNA-containing oligos were synthesised by
IDT (Coralville, 1A, USA), and PNA oligos were synthesised by

British journal of Cancer (2006) 95(1 1), 1483~ 1489

Greiner |apan, Tokyo, Japan. For PNA-LNA PCR clamp, PCR
primers (200nm each), fluorogenic probes (100 nM each) and a
PNA clamp primer (5um) were added to the Basic Mixture
containing 25 mm TAPS pH 9.3, 50 mm KCl, 2mm MgCl;, 1 mm 2-
mercaptoethanol, 200 um each of dNTPs and 1.25U of Takara Ex
Taq HS (Takara Bio, Shiga, Japan). For PCR reactions, PCR and the
real-time amplification monitoring for the PNA-LNA PCR clamp
were performed using Smart Cycler II (Cepheid Sunnyvale, CA,
USA). PCR cycling was a 30-s hold at 95°C followed by 45 cycles of
95°C for 3s and 62°C (exons 18 and 19) or 56°C (exon 21) for 30s.

Secondary entry criteria and treatment schedule

After testing for EGFR mutations by PNA-LNA PCR clamp,
patients who satisfied the following inclusion criteria were
enrolled: (a) EGFR mutations, (b) inoperable stage 1II-IV and
recurrence after operation, (c) measurable region(s), (d) adequate
bone marrow (white blood cell count=4000mm™; platelet
count 2 100 000 mm ™% hemoglobin 2 9.5 gd]_‘). total bilirubin
<1.5mgdl™", transaminases less than twice the upper limit of
normal, and serum creatinine level <1.5mgdl™ ' (e) age 20 years,
(f) no medical problems severe enough to prevent compliance with
the study requirements, and (g) secondary informed consent to be
treated by gefitinib.

Gefitinib (250 mg p.o. daily) was given as the second treatment
after disease was on progression by cytotoxic chemotherapy for PS
0-2 patients with EGFR mutations, In the case of poorer PS owing
to advanced disease, the first line chemotherapy was omitted and
gefitinib was administered as the first therapy. The other patients
not enrolled into the phase I study were clinically treated by
appropriate therapies according to our institutional manual, and

eir data on EGFR mutation status and survival time were

collected and analysed.

Evaluation

Patients were evaluated by physical examination, chest X-ray, bone
scintiscan, computed tomography (CT) of the head, chest and
abdomen, and fiberoptic bronchoscopy, and clinical stages were
then determined according to the tumour-node-metastasis system.
Chest X-rays were assessed at least every 2 weeks after the initial
evaluation, and a chest CT was planned to evaluate tumour
response and tumour progression. Tumour response was classified
in accordance with Response Evaluation Criteria in Solid Tumours.
Before the first course, each patient was subjected to a complete
blood cell count (CBC), serum chemistry for renal and hepatic
functions, electrolyte analysis and urinalysis. CBC, serum chem-
istry, electrolyte analysis and urinalysis were assessed at least once
a week after the initial evaluation. The NCI Common Toxicity
Criteria (version 3) was used to grade organ system damage.

Statistical analysis

The primary end point of this study was the response to gefitinib
for patients with EGFR mutations. Sample size was determined to
be 25 patients with EGFR gene mutations. We chose a 75%
response rate as a desirable target level and a 50% response rate as
uninteresting. Our design had a power in excess of 90% and less
than 10% type I error. A total number of patients to be tested by
PNA-LNA PCR clamp was decided to be more than 100 patients
because about 30% of Japanese NSCLC patients were reported to
have EGFR mutations in previous articles (Mitsudomi et al, 2005;
Tokumo et al, 2005).

Secondary end points were survival, side effects and clinical
usefulness of PNA-LNA PCR clamp. Differences in response to
gefitinib and survival after gefitinib therapy between patients with
wild EGFR genes and those with mutant EGFR genes were assessed
to indicate a clinical usefulness of screening by PNA-LNA PCR

© 2006 Cancer Research UK
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clamp. Furthermore, differences in overall survival from the initial
treatment between the groups, and whether EGFR mutations were
a prognostic factor were also investigated. Survival curves were
drawn using the Kaplan-Meier method, and Logrank was
calculated for evaluating survival differences between the groups.
A Cox proportional hazards model (multiple variate) using EGFR
mutations, sex, stage and PS was also employed using the data
from all the patients enrolled by the primary entry criteria. All the
analyses were calculated by spss® 11.0).

RESULTS

From September 2004 to October 2005, samples from 107 Japanese
NSCLC patients were tested by PNA-LNA PCR clamp but two
patients refused consent for checking for EGFR mutations
(Figure 1), One hundred patients (93%) of the 107 patients
provided adequate samples for evaluation of EGFR mutation
status, and samples from seven patients did not provide enough
DNA. PNA-LNA PCR clamp detected EGFR mutations in 38
patients (38%; 95% confidence interval (CI): 28 - 48%) who were 15
male and 23 female patients (Table 1). Their median age was 62
years old, and, of the 38 patients, 33 patients had adenocarcinoma.
Exon 19 deletions, L858R and L861Q were found in 25 (66%), 12
(32%) and | (2%) patients, respectively (Figure 1). On the other
hand, 62 patients (51 men/11 women; median age: 66 years;

Gefitinib for NSCLC with EGFR mutations
A Sutani et of .

1485
adenocarcinoma: 43 patients) were judged to have wild-type EGFR.
There were significant differences between EGFR mutation-
positive and EGFR mutation-negative groups with regard to sex
(male vs female: P =0.00001), histology (adenocarcinoma vs non-
adenocarcinoma: P= 0.02) and smoking (> 20 pack-years vs <20
pack-years: P=0.003) (Table 1).

Phase 11 study

Of the 38 patients with EGFR mutations, gefitinib was given to 27
patients. The other 11 patients were not treated by gefitinib
because they did not meet the secondary entry criteria,

Four patients and 23 patients were given gefitinib as the first-
line and the second-line treatment, respectively. All of the 27
patients were i for resp One pati showed a
complete response (CR) and 20 patients showed partial responses
(PRs). The overall response rate was 78% (95% CI: 62-94%)
(Table 2). The response rate in the 23 patients treated by gefitinib
after chemotherapy was 74% (95% CI: 56-92%). When patients
were stratified by EGFR mutation types, response rates were 75%
(15 out of 20 patients) for exon 19 deletions, and 86% (six out of
seven patients) for L858R. There were no significant differences in
the response rates between the mutation types (i test: P=0.557).

For the 27 patients, median time to progression (TTP) from the
gefitinib treatment was 9.4 months. And median survival time
(MST) from the gefitinib treatment was 15.4 months (Figure 2).
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2 patients refused testing EGFR mutations l

107 patients ]

Wild EGFR gene: 62 patients |

——]- | |nsufficlent specimen 7 patients
A4
EGFR mutations: 38 patients
Materials Patient no.
Sputum 3 Type of mutation Patient no
Pleural 7 Exon 10 deletions 25 (66%)
effusion ﬁ
Need . LBS8R 12 (32%)
Aspralion L8s1a 1(2%)
BF 54
cytology
Histology 1

Figure | Patients entered and source of specimen and type of EGFR mutation.
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Table | Patients’ characteristics

Mutation Wild-type
(n=138) (n=62) P-value
Male/farmale 1523 pts 51411 pts 0.00001

Median age (years) (sd, range) 62 (100, 44-79) 66 (120, 32-81) 009

There were also no significant differences in survival time after the
gefitinib treatment between the patients with exon 19 deletions and
L858R (Kaplan-Meier, logrank: P<0.455). The 21 patients with
CR/PR had a longer TTP and overall survival (14.4 4+ and 19.1 +
months, respectively) than patients with stable disease/progression
(3.1 and 5.6 months, respectively).

All 27 eligible patients were assessable for toxicity (Table 3).
Grade 3 drug-related hepatic toxicity was observed in one patient

5
mf 1 pt 26%) Ipls (46%) 0175 (4%), and Grade 3 skin toxicity occurred in one patient (4%).
[ I pt (26%) 2 pts (3.2%) Other gastrointestinal toxicities were mild and acceptable. No lung
i 9pts (23.7%) 23 pts (37.1%) toxicities were observed.
0O v 23 pts (605%) 22 pts (355%)
= T L AL Clinical usefulness of PNA-LNA PCR clamp
- m% . .=
A To investigate the clinical usefulness of PNA-LNA PCR clamp
= fdeoeonoms VpeOasy)  Gu(a) 00 screening, patients with EGFR mutations detected by the test were
Squamous cell caronoma 2 pts (5.3%) 12 pts (194%) 3 F
g Adenosquamons | pt (26%) | ot (1.6%) compared to those with wild EGFR. The response rates were
= Large call caranoma 0 pt (0.0%) I pt (1.6%)
% Undifierentated 2 pts (53%) 5 pts (8.1%) Table 2 Efficacy of gefitinib in patients with EGFR mutation
w
g CR PR sd PD Response
> 10 pack-years 13 pts (34.3%) 40 pts (645) 0003
Pricr chemotherapy (+) I 16 5 I 17 ptsi23 pts (74%)
ECOG PS (95% Ct 56-91%)
0-2 34 pts (B9.5%) 55 pts (BB7%) 0506 Pror chemotheragy (=) 0 4 0 0 4 ptv4 pts (100%)
34 dpts (105%) 7 pts (113%)
Exon 19 deletions [ 4 4 ! 15 ptsf20 pts (75%)
Treatments® LB58R 0 & 1 ] 6 pr7 pis (BEX)
Operation 10 pts (263%) 23 ps (37.1%) 0948
Chematherapy 30 pts (789%) 43 pts (69.4%) Total I 20 5 | 21 prs27 pts (78%)
Imadation 2 pts (5.3%) 6 pts (9.7%) (95% CL 62-94%)
ECOG PS =Eastemn co-operative oncology group performance status; Pts = patients. Cl = conf imterval, CR = p sponse; EGFR = ep | growth factor

'Mnmmmwldmwmmh'wmmpsmdw
dneases

recepton, PD =progressive disease, PR=partial respomse, Pis=patients; sd. =
standard deviation.

EGFR Wild
mutation EGFR P-value
Resp 78% 14% 0.0017
15.4M 11.1M 0,0135
| i | LI
2 06 4
_E Sl  Harhy Liig
>
£
® 04 - |
424 : EGFR mutantion(+): n=27
P Wikd-type EGFR: n=7
(1] + v E v T -
0 100 200 300 400 500 600
Days
Figure 2 Survival time curves ofter gefitinid treatment in patients with and without EGFR mutation are shown
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significantly different between patients with EGFR mutations
(78%) and patients with wild EGFR (14%) (x test, P=0.0017,
Figure 2). Median survival time after the gefitinib treatment was
significantly different between patients with EGFR mutations (15.4
months) and those with wild-type EGFR (11.1 months) (Kaplan-
Meier, logrank: P=0.0135, Figure 2).

Furthermore, to clarify whether EGFR mutation status tested by
PNA-LNA PCR clamp could be a prognostic factor for NSCLC
patients, the relationship between EGFR mutation status and
overall survival were evaluated using 99 patients except for one
patient who was lost in follow-up. Figure 3 shows the comparison
of overall survival after the initial treatments between NSCLC
patients with EGFR mutations and those with wild-type EGFR by
the Kaplan-Meier method. Overall survival after the initial
treatment was significantly different between the groups (EGFR
mutations: 19.1 months and wild-type EGFR: 10.7 months, logrank:
P<00108). The Cox proportional hazards model (multiple
variate) was also applied using EGFR mutations, sex, stage and
PS. The latter three factors are well known as prognostic factors in
NSCLC patients (Brundage ef al, 2002). The Cox proportional

Table 3 Side effects of gefitinib in patients with EGFR mutation

No. of patients with CTC grade

(n=1T7)
2 3 4
Hoematologre ity
Peeutropenia I Q 0
Thrombocylopenia 0 0 1]
Anaema o o o
Other tovoves
Dharrhosa 5 ] 0
Mausea and vomiting 2 1] Q0
Acnefacrelom 9 | —
Abnomal lver function (AST, ALT) | | 0
Abnomal renal function o 1] 0
Acute lung inpury 0 0 1]

ALT =alanine aminotransierase; AST = aspartate aminotransierase, CTC = common
toxicity crtena: EGFR = epidermal growth factor receptor
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hazards model indicated that detecting EGFR mutations was a
secondary prognostic factor (Table 4).

DISCUSSION

With PNA-LNA PCR clamp, we were able to determine EGFR
mutation status in a majority of the NSCLC patients using clinical
samples such as sputum and BF cytology. To determine EGFR
mutations, direct sequencing or PCR-single strand conformational
polymorphism methods are frequently employed (Lynch et al,
2004; Paez er al, 2004; Mitsudomi er al, 2005; Pao and Miller, 2005;
Tokumo et al, 2005; Twombly, 2005). However, these methods are
time-consuming and require specimens that consist mostly of
cancer cells. Another approach that analysis of an increased EGFR
gene copy number, based on fluorescence in situ hybridisation
analysis, could be used as a predictive marker for sensitivity to
gefitinib (Bell et al, 2005; Hirsch and Witta, 2005; Takano et al,
2005). However, this method also needs specimens consisting
mostly of cancer cells, significant operation time and skilful
technicians who have intertechnician variability. Thus, these
methods can be employed only at some academic medical centres.
The preferred and practical method is one that can sensitively,
specifically and quickly detect EGFR mutations from specimens
used for the diagnosis of lung cancers without removing
contaminating normal cells. Peptide nucleic acid-locked nucleic
acid PCR clamp can rapidly (within 2hours) detect EGFR
mutations from all specimens used to diagnose lung cancers, that
is, sputum, pleural effusion and bronchial washing which contain
many normal cells. This method is able to sensitively and

Table 4 Cox proportional hazards analysis

Hazards ratio P-value
Mutation 1259 0036
Performance status | 542 0.002
Male/female 1,053 0887
Stage 1.029 0319

A Cox proportonal hazards model (muliple variate) wsing EGFR mutations, sex.
stage and PS was employed using the data from all the patients (n = 59*) enrolled by
the primary entry citera. *Data missing: one patient.

LIIN L L
LR,
EGFR mutantion(+). n=38 9
02 MST 19.1M 4
s Wild-type EGFR: n=61° i
MST 10.7M
0 - . v v . - .
0 100 200 300 400 500 800 700
Days

Figure 3
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specifically detect all 11 types of EGFR mutations (Nagai er al,
2005) in the presence of 100-fold wild-type EGFR background
levels. These 11 mutations account for more than 95% of EGFR
mutations found (Lynch et al, 2004; Twombly, 2005).

PNA-LNA PCR clamp pro ively detected EGFR mutations in
38% (95% CI: 28 -48%) of the consecutive patients with NSCLC.
Patients who were EGFR mutation-positive were mostly women
(61%) and had adenocarcinomas (87%), and significantly lower
smoking index (34%). These results were consistent with the
results of previous retrospective reports (Mitsudomi et al, 2005;
Tokumo et al, 2005). Some clinical studies are trying to select
patients to gefitinib treatment by clinicopathologic features of
adenocarcinoma and non-smoker without testing EGFR mutations.
Our data indicate such an approach is not feasible. For example,

gefitinib treatment and MST (19.1 months) after the initial
treatment were longer than in patients treated with the regimens
using platinum doublet. Detection of EGFR mutations clearly
differentiates gefinitib-sensitive patients from gefinitib-insensitive
patients with regard to response rate and survival times.

Four patients with EGFR mutations received gefitinib as the first
line treatment because they could not be given chemotherapy
owing to poor PS, Two patients had meningitis carcinomatosa.
One had multiple brain metastases. And one had repeated
aspiration pneumonia owing to recurrent nerve palsy. All of these
patients showed PR and obtained better PS. Their survival times
were 190, 1834, 2784 and 2964 days, respectively, and all
returned home. This experience taught us the usefulness of testing
for EGFR mutations in patients with poor PS owing to advanced
di Thus, even in Europe and the US where frequencies of

when selecting patients with adenocarcinoma and king >20
pack-years, 15 of the 38 patients with EGFR mutations (39%)
would be missed, whereas 13 of the 62 patients without EGFR
mutations (21%) would be mistakenly included.

Furthermore, the presence of EGFR mutations detected by the
PNA-LNA PCR clamp was found to be a prognostic factor in
Japanese patients with NSCLC in this prospective screening. A Cox
proportional hazards model indicated that detecting EGFR
mutations was a significant prognostic factor and was superior
to sex or stage, indicating that incorporating the PNA-LNA PCR
clamp into clinical studies and clinical practice is critical.

This phase 11 study clearly showed the favourable response to
gefinitib in NSCLC patients with EGFR mutations. The response
rate was 78% and the lower limit of the 95% confidential interval of
response was 62%. In contrast to previous retrospective analyses
(Riely er al, 2006; Hirsch et al, 2006), patients with exon 19
deletions were equally responsive compared to those with L858R in
this study. This might be due to our small sample size, so these
data need to be confirmed in a larger trial. In EGFR mutation-
positive patients treated by gefitinib, TTP (9.4 months) of after the
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EGFR mutations are low, incorporating testing for EGFR muta-
tions in clinical practice may provide a huge benefit to some
patients.

In conclusion, our study prospectively demonstrated the clinical
benefit of gefitinib given to NSCLC patients with good PS as the
second-line treatment harbouring EGFR mutations, and, also,
gefitinib given to NSCLC patients with poor PS as the first-line
treatment showed a favourable response. To attain this
benefit, screening clinical samples at the time of diagnosis is
imperative, and PNA-LNA PCR clamp is a good method to achieve
this aim.
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The Characterization of Gefitinib Sensitivity and Adverse
Events in Patients with Non-Small Cell Lung Cancer
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Abstract. Background: Factors predicting gefitinib sensitivity
and adverse events in non-small cell lung cancer (NSCLC)
remain controversial. Patients and Methods: Correlations
among clinicopathological characteristics, gefitinib sensitivity
and adverse events were studied for 154 patients with NSCLC,
whereas EGFR mutations were analyzed for 44 patients.
Results: Female, non-smoker, adenocarcinoma of stage I-11,
and gefitinib effectiveness correlated with longer time to
progression (TTP) and overall survival (OS), while the rate of
interstitial lung disease in parients undergoing thoracic
radiotherapy and stomatitis in females or those who never
smoked were significantly higher. EGFR mutations were
identified in 18 cases, and among 34 gefitinib-treated patients,
16 patients harboring murations tended ro do better, both in
terms of TTP and OS. The results of the mutation analysis
from surgical and non-surgical specimens were identical.
Conclusions: Certain clinicopathological charactenistics and
EGFR mutations can be either predictive of gefitinib sensitivity
or adverse events. Also, small-sized specimens may be
applicable for the mutational analysis.

The clinical stage is already advanced at diagnosis in more
than 70% of non-small cell lung cancer (NSCLC) patients
and their prognoses are usually poor because this disease is
commonly refractory to conventional chemotherapy. The
onset and the proliferation of NSCLC often involve the
epidermal growth factor receptor (EGFR), an ErbB family
member, and a cascade of signalling pathways, EGFR is a
component of signalling pathways involving tyrosine Kinases
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(TK) regulating cell activation by forming monodimers or
heterodimers with ErbB receptors after ligand binding. It is
known that aberrations in these signalling pathways can lead
to tumorigenesis.

Gefitinib (Iressa [ZD1839]; AstraZeneca Pharma-
ceuticals, Wilmington, DE, USA), reversibly inhibits TK by
competing with ATP at an ATP binding site of the EGFR,
and may thus exert anti-tumor effects. Fukuoka er al
reported that Japanese patients with NSCLC showed more
favorable clinical responses to gefitinib compared to
patients in other countries (27.5% versus 10.4%) (1).
However, the molecular mechanisms underlying gefitinib
sensitivity are not well understood. Regarding adverse
events, it has been reported that the occurrence of skin
disease, digestive tract problems, liver dysfunction, and body
pain were significant, and, even more seriously, interstitial
lung disease (ILD) was potentially [atal.

Recently, two groups reported that somatic mutations in
exon 18, 19, or 21, constituting a TK domain of the EGFR
gene, are strongly correlated with sensitivity to gefitinib in
patients with NSCLC (2, 3). Paez et al. showed that EGFR
mutations in lung adenocarcinoma are more frequent in
Japanese than in Caucasians (32% versus 3%), perhaps
correlating with the superior response to gefitinib therapy
in Japanese (3). Similar reports from several countries,
especially in eastern Asia, confirm racial differences in the
frequency of EGFR mutations and in gefitnib sensitivity (4-
14). Some reports noted better survival in patients with
EGFR mutations, however, others found no significant
differences in time to progression (TTP) and/or overall
survival (OS) after gefitinib therapy in patients with or
without EGFR mutations (4, 6, 8, 10). The reasons for these
discrepancies are not known.

In the studies so far, mutation analysis has been mostly
confined to surgically-resected specimens. However, pleural
effusion and biopsy specimens obtained by transbronchial
biopsy (TBB) or needle biopsy have been used for
pathological diagnosis, but there have been few attempts at
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mutational analyses using these small amounts of material
(15). If small specimens can suffice for mutation analysis,
the number of patients eligible for such studies could be
increased. Therefore, the aim of the present study was to
identify predictive factors for gefitinib sensitivity and risk
factors for adverse events, and additionally to test whether
tumor cells derived from biopsies or cytology specimens are
suitable for mutation analysis of the EGFR gene.

Patients and Methods

Study design and patients' characteristics. In our institutes, from
September 2002 through March 2005, 154 consecutive Japanese
patients with NSCLC treated with gefitinib were entered into this
study. The clinicopathological characteristics and adverse evenls
associated with gefitinib therapy were evaluated retrospectively.
TTP and OS were also analyzed. After informed consent had been
obtained, EGFR mutations were analyzed in 34 of the 154 patients,
and in an additional 10 patients whose outcomes were not
established (nine not given gefitinib and one where it was
discontinued due to severe nausea) because their specimens were
applicable for the mutation analysis such as Polymerase Chain
Reaction (PCR) amplification or direct sequencing. The patients
whose analysis did not work were eliminated from the analysis. The
specimens were obtained by surgery (n=22), TBB (n=13), lymph
node biopsy (n=2), needle biopsy (n=2), or came from pleural
effusion (n=1). In four patients, it was possible to compare results
from two specimens obtained by different procedures (needle
biopsy and autopsy in one case and TBB and surgery in three
cases). The therapeutic effect of gefitinib was determined
according lo the Response Evaluation Criteria in Solid Tumors
(RECIST). Partial responses (PR) and complete responses (CR)
were together taken as defining therapy responders. TTP and OS
were defined as the duration from initiation of gefitinib therapy to
the confirmation of progressive disease (PD) and to the time of
death, respectively. Clinical stages 1 to Il and LI to IV were
categorized as early and advanced, respectively.

Mutational analysis. Histopathological reviews and preparation of
genomic DNA were carried out using paraffin-embedded sections.
Constituents other than tumor cells in the specimens were manually
climinated so that the latter always represented >50% of the entire
specimen. Genomic DNA was extracted using Takara DEXPAT™
(Takara Bio Inec., Shiga, Japan) according to the manufacturer's
protocol. Cells collected from pleural effusion were treated with
QlAamp DNA Mini kit (Qiagen, Valencia, CA, USA). The entirety
of exons 18, 19, 20, and 21 of the EGFR gene were amplified by
nested PCR using primers from Sigma Genosys (Hokkaido, Japan)
as described elsewhere (3). Each amplified fragment, which was
confirmed as a single amplicon, was purified with a QLA quick PCR
purification kit (Qingen) and bidirectionally sequenced with a Big
Dye Termmator Cycle Sequencing Kit using the ABI Prism 310
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The
final sequence resull was confirmed by independently repeated
amplifications and DNA-sequencing analyses.

Statistical analysis. The Pearson’s x2 test or Fisher's extract lest was
used for lyses. A logistic regression model was used
for multivariate analysis. The Mann-Whitney test was used for

Table 1. Clinicopathological characteristics of the gefirinib-treated patients.

Gefitinib-treated cases (n=154)

Age (mean+5D, years)

65.3=11.8 (all)
64.5212.6 (Male)
66.5+10.6 (Female)
Gender No.
Male a2
Female 62
Histology No.
ADC 121
SCC 18
Lcc 7
SCLC+ADC 2
ASC 6
Smoking history No.  Male/Female
Never smoked 61 13/48
Smoker 923 79/14
Stage No.
1-11 19
-1V 135
Prior chemotherapy No.
0 50
=1 104
Clinical response (evaluable p 151)
CR 6
PR 56
NC 37
PD 52

Abbreviation (ADC: adenocarcinoma, SCC: squamous cell carcinoma,
LCC: large cell carcinoma, SCLC: small cell carcinoma, ASC:
adenosquamous cell carcinoma)

analyzing clinical responses. The mean durations of TTP and OS
were calculated using the Kaplan-Meier method. Comparisons
between two groups were made using log-rank tests. The two-sided
significance level was set at p<0.05.

Results

Gefitinib sensitiviry. The clinicopathological characteristics
of the gefitinib-treated patients are given in Table 1. The
mean age was 65.3 years (30 to 92 years; male 64.5 years,
female 66.5 years, respectively), Of the 154 patients, 62
(40.3%) were female. One hundred and twenty-one
diagnoses were of adenocarcinoma (78.6%), of which 19
were early stage (12.3%), and 62 patients were responsive
to gefitinib (40.3%); 61 patients had never smoked (39.6%),
and 104 had a history of prior chemotherapy to gefitinib
(67.5%). Among these variables, female gender (TTP: 3.8
versus 1.8 months, p=0.031; OS: 8.7 versus 4.7 months,
p=0.006); diagnosis of adenocarcinoma (TTP: 3.0 versus 1.8
months, p=0.037; OS: 6.8 versus 2.5 months, p=0.0008);
early stage (TTP: 11.4 versus 2.3 months, p=0.005; OS: 13.2
versus 5.0 months, p=0.004); never smoked (TTP: 5.6 versus
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Table 1. Adverse evenis due to gefitinib.

Number of patients

Table I11. Clinicopathological characteristics of the mutation-analyzed
cases,

Mutati T

Variable Total (154) Multion (15} Wild-type (18)
Lung injury 18 0 2
Liver dysfunction 14 2 3
Skin eruption 53 9 9
Diarrhea i1 1 2
Stomatitis 6 2 1
Nausea, Appetite loss 12 1 0
Hematuria 3 0 0
Edema 3 0 1
Paneytopenia 2 0 0
Renal dysfuncuion 1 0 [1]
Hemorhage 2 ] 0
Anemia 1 1 0

1.8 months, p=0.001; OS: 9.2 versus 4.1 months, p=0.0001);
and responsiveness to gefitinib (TTP: 9.4 versus 1.5 months,
p<0.0001; OS: 9.4 versus 3.8 months, p<0.0001) were
significantly correlated with longer duration of TTP and OS,
while prior chemotherapy was not (TTP: 2.5 versus 3.5
months, p=0.133; 08.5.6 versus 5.9 months, p=0.208).

Adverse events due 1o gefitinib. Adverse effects of gefitinib
are summarized in Table II. Occurrence of skin rash was the
most common (34.4%). Nausea resulted in discontinuation
of gefitinib in one case. The incidence of ILD was
significantly higher in patients who had received prior
thoracic radiotherapy (odds ratio 3.974, p=0.016), and six
of 18 patients who developed ILD died. Stomatitis
developed much more frequent in women and patients who
had never smoked (female, odds ratio 7.982, p=0.028; never
smoked, odds ratio 8.214, p=0.026).

EGER mutations. An EGFR mutation was identified in 18 of
44 cases analyzed (40.9%) as shown in Table IIl. Each
mutation site is shown in Figure 1. Mutations were identified
in nine of thirteen TBB specimens (69.2%), seven of 22
surgically-resected specimens (30.4%), and one of two lymph
node biopsy specimens (50.0%). No mutations were found in
two needle biopsy specimens. One case of a cytology specimen
derived from malignant pleural effusion harbored the L858R
mutation. No mutations were identified in three cases of
cither TBB or surgically-resected specimens, while in one case
the same mutation (E746_A750 deletion) in exon 19 was
found in both needle biopsy and autopsy specimens of the
metastatic lymph node. There were six cases of in-frame
deletion mutations and two cases of insertion mutations in
exon 19, as well as ten substitution mutations (two cases in
exon 18, one in exon 19, three in exon 20, three in exon 21,

d cases (n=44)

Total Mutation
44 18
Age (mean=5SD) 63.6+11.2 (All)
62.8£12.8 (Mutation)
64.3£10.1 (Wild-type)
Gender
Male 18 8 p=0.691
Female 26 10
Smoking history
Never smoked 29 13 p=0.462
Smoker 15 5
Histology
ADC 39 18 p=0.060
scC 2 0
Lcc | 0
SCLC+ADC 1 [
ASC 1 0
Stage
111 13 2 p=0.026
v 3 16
Prior chemotherapy
No 1 3 p=0241
Yes 33 15
Sample analyzed
Surgical material z T
Non-surgical 18 10
Both 4 1
Clinical response
(Evaluable = 34,
Mutation = 16)
CR 5 5 p=0.003
PR 18 10
NC i 1
PD 4 0

ADC: adenocarcinoma, SCC: squamous cell carcinoma, LCC: large cell
carcinoma, SCLC: small cell ¢ ASC: adenosq us cell
carcinoma.

one in both exon 18 and 19) (Figure 1). Unexpectedly, one
patient who had not received gefitinib therapy nonetheless
had the T790M substitution mutation in exon 20. This
mutation was previously reported to be newly acquired in
gefitinib resistance (16).

The clinical stage of almost all 18 patients with mutations
was advanced (94.4%, 17 cases; p=0.018). The presence of
EGFR mutations was significantly associated with clinical
response to gefitinib (p=0.0008). Fifteen tumors harboring
EGFR mutations were responsive to gefitinib and an
additional one showed SD. The remaining two patients could
not be mcluded because one had not received gefitinib and in
the other it was withdrawn due to severe nausea.
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G719C+W73IR (1)

G719C (2) P7335(1)

S768C (1) Q812R (1)

T790M (1) V8431 (1)

1.858R (2)

[746_750 del (4)
E746_750 del T751A (2)
V738 1744 ins (2)

Figure 1. Mutarion sites of exons 18 to 21 in the EGFR gene. The number of cases identified with the respective mutation is shown in parenthesis.
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Figure 2. Kaplan.Meier plots of (A) time o progression and (B) overall survival after gefitinib therapy, depending on EGFR mutation staius.

The mutations were all found in adenocarcinoma (p=0.06),
Eleven of 15 (73.3%) patients had received chemotherapy
prior to gefitinib. There were no significant differences in the
mean age (mutation; 62.8 versus 64.3), gender (female; 10 of
26 versus 16 of 26; p=0.691), smoking history (never smoked;
13 of 29 versus 16 of 29; p=0.462), or prior chemotherapy (17
of 35 versus 18 of 35, p=0.587).

Univariate analysis was performed using the Kaplan-
Meier method to evaluate TTP and OS for those gefitinib-
treated patients (16 mutation and 18 wild-type cases) whose
prognoses could be precisely estimated. The mutation group
experienced prolonged TTP (mean, 13.70 versus 10.52

months; p=0.060) and OS (mean, 15.02 versus 13.87
months; p=0.077) (Figure 2).

EGFR mutations and adverse events due to gefitinib.
Concerning possible correlations between EGFR mutations
and adverse events associated with gefitinib therapy, it was
found that lung injuries developed in two wild-type cases, but
not in the mutation group (p=0.169). The overall incidence
of adverse evenlts was not statistically significantly different
between the two groups. Adverse events were seen in 11 of
15 mutation cases (73.3%) and one patient was obliged to
discontinue gefitinib due to gastrointestinal tract problems.
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Evaluation of small amounts of samples. One malignant
pleural effusion sample and 17 biopsy specimens, including
TBB (n=13), lymph node biopsy (n=2), needle biopsy
(n=2), and 22 surgical specimens, were used for mutation
analyses (Table III). Mutations were detected in 7 surgical
samples (30.4%), while of the 18 non-surgical specimens 11
(61.1%) showed mutations. In order to validate these
results, mutation analyses were also performed on three
surgical specimens, for which the corresponding non-
surgical specimens had not shown any mutations, and on an
autopsy specimen whose lymph node biopsy had revealed a
deletion mutation in exon 19, Identical results were
obtained for both the surgical and non-surgical specimens.

Discussion

The aim of the present study was to identify predictive factors
for gefitinib sensitivity and patient prognosis as well as risk
factors for adverse events associated with gefitinib therapy.
Female gender and never having smoked are newly identified
as candidate risk factors for stomatitis. Stomatitis is a common
adverse event of gefitinib therapy and often impairs quality of
life (QOL), and both female gender and non-smoking are also
predictive factors for the effect of gefitinib (17, 18).

In the present study, EGFR mutations were identified in
18 of 44 patients (40.9%). Although the mutation rate
established here was similar to the previous reports from
castern Asia (17, 18), the overall mutation rate in this study
was slightly higher (18.9% to 47.6%; mean 36.0%), whereas
in clinically responsive cases it was relatively low (52.4% to
82.8%; mean 74.4%) compared to those previous reported
(4, §, 7-9, 11-14). Possible reasons for the lower mutation
rate in clinically responsive cases may include (i) other
factors defining gefitinib sensitivity, (ii) the remaining tumor
acquired an EGFR mutation after we had obtained
specimens, and (iii) the small number of cases analyzed
influenced the result. Other factors defining gefinitib
sensitivity could include increased EGFR or HER2 gene
copy number and protein phosphorylation of Akt, PTEN,
ERKI1/2, or STATS5 (19-27). Increased copy number of the
HER3 or 4 genes should be also evaluated because their
products can form heterodimers with EGFR, whilst protein
expression or phosphorylation in signalling pathways other
than Akt, PTEN, ERK1/2 and STATS might be important.
Small biopsy specimens might not have faithfully reflected
the major characteristics of individual tumors, in that the
proportion of tumor cells harboring EGFR mutations within
analyzed specimens may have been so low that insufficient
cells with mutations were included, in addition, some
reports showed that the detection rate of EGFR mutation
hy new methods seemed to be superior to that by direct
sequencing methods (28, 29). Whilst the direct sequencing
method was the only one used in the present study, the

differences we found are unlikely due to specimen size as
because the feasibility of using small specimens for EGFR
mutational analysis was evaluated, and surgical materials
and the corresponding non-surgical and small specimens
revealed consistent results in mutation analyses,
Furthermore, the detection efficiency of EGFR mutations
in small specimens such as biopsy fragments or cells
recovered from pleural effusion was comparable to that in
surgical materials. However, it might be necessary to
examine more cases because the feasibility was evaluated for
4 pairs and only one mutation case could be verified.

The group of patients with EGFR mutations experienced
better TTP and OS. However, this difference was not
statistically significant. This could also be explained by the
same factors defining gefitinib sensitivity as those described in
possible reasons for the lower mutation rate in clinically
responsive cases. Another explanation may be that the sample
of patients was enriched with gefitinib-responsive cases
because of the retrospective nature of the study. Because
clinical responses would yield significant differences in OS as
well as in TTP, and no mutations were found in any cases but
one refractory to gefitinib, larger-scale mutation analysis
eliminating "selectivity bias" could lead to statistical
significance in TTP and OS. A third explanation may be that
analytical or technical limitations, such as employing direct
sequencing or using paraffin-embedded tissues may have
affected the mutation detection rate; the development of new
analytical methods aims to overcome such limitations (28, 29).

Conclusion

We have identified certain clinicopathological characteristics
as well as EGFR mutations which can be either predictive
factors for gefitinib sensitivity or risk factors for adverse events
associated with gefitinib therapy. EGFR mutations could be
identified from biopsy or cytology specimens in patients with
advanced NSCLC. These data might contribute to establishing
optimum gefitinib therapy for NSCLC patients, especially at
advanced stages.

Acknowledgements

We gratefully acknowledge financial support from the AstraZeneca
Research Grant 2005,

References

| Fukuoka M, Yano §, Giaccone G, Tamura T, Nakagawa K,
Douillard JY, Nishiwaki Y, Vansteenkiste J, Kudoh §, Rischin
D, Eek R, Horai T, Noda K. Takata I, Smit E, Averbuch §,
Macleod A, Feyereislova A, Dong RP and Baselga J: Multi-
institutional randomized phase 1 trial of gefitinib for previously
treated patients with advanced non-small-cell lung cancer (The
IDEAL 1 Trial) J Clin Oncol 21: 2237-2246, 2003.

— 413 —



ANTICANCER RESEARCH 26: xxx-xxx (2006)

(=]

Lynch TJ. Bell DW, Sordella R, Gurubhagavatula 8, Okimoto
RA, Brannigan BW, Harris PL, Haserlat SM. Supko JG,
Haluska FG, Louis DN, Christiani DC, Settleman J and Haber
DA: Activating mutations in the epidermal growth factor
receptor underlying responsiveness of non-small-cell lung
cancer 1o gefitinib. N Engl ] Med 350: 2129-2139, 2004,

Paez )G, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel §,
Herman P, Kaye FJ, Lindeman N, Boggon TJ, Naoki K, Sasaki
H, Fujii Y. Eck MJ, Sellers WR, Johnson BE and Meyerson M:
EGFR mulations in lung cancer: correlation with clinical
response lo gefitinib therapy. Science 304: 1497-1500, 2004.
Kosaka T, Yatabe Y, Endoh H, Kuwano H, Takahashi T and
Mitsudomi T: Mutations of the epidermal growth factor
receptor gene in lung cancer: biological and clinical
implications. Cancer Res 64: 8919-8023, 2004,

Huang SF, Liu HP, Li LH, Ku YC, Fu YN, Tsai HY, Chen YT,
Lin YF, Chang WC, Kuo HP, Wu YC, Chen YR and Tsai SF:
High frequency of epidermal growth factor receptor mutations
with complex patterns in non-small cell lung cancers related to
gefitinib responsiveness in Taiwan. Clin Cancer Res 10: 8195-
8203, 2004,

Tokumo M. Toyooka S. Kiura K. Shigematsu H. Tomii K, Ace
M, Ichimura K, Tsuda T, Yano M, Tsukuda K, Tabata M,
Ueoka H, Tanimoto M, Date H, Gazdar AF and Shimizu N:
The relationship between epidermal growth factor receptor
mutations and clinicopathologic features in non-small cell lung
cancers. Clin Cancer Res [1: 1167-1173, 2005.

Mitsudomi T, Kosaka T, Endoh H, Horio Y, Hida T, Mori S,
Hatooka S, Shinoda M, Takahashi T and Yatabe Y: Mutations
of the epidermal growth factor receptor gene predict prolonged
survival after gefitinib treatment in patients with non-small-cell
lung cancer with postoperative recurrence. J Clin Oncol 23:
2513-2520, 2005,

Han 5W, Kim TY, Hwang PG, Jeong 8, Kim J, Choi IS, Oh
DY. Kim JH. Kim DW, Chung DH, Im SA, Kim YT, Lee JS,
Heo DS, Bang YJ and Kim NK: Predictive and prognostic
impact of epidermal growth faclor receptor mufation in non-
small-cell lung cancer patients treated with gefitinib. J Clin
Oncol 23: 2493-2501, 2005.

Kim KS. Jeong JY. Kim YC, Na KJ, Kim YH, Ahn §J, Baek
SM, Park CS, Park CM, Kim YI, Lim SC and Park KO:
Prediciors of the response 1o gefitinib in refractory non-small
cell lung cancer. Clin Cancer Res 11: 2244-2251, 2005,

10 Bell DW, Lynch TJ, Haserlat SM, Harris PL, Okimoto RA,

12

Brannigan BW, Sgroi DC, Muir B, Riemenschneider MI,
lacona RB, Krebs AD, Johnson DH, Giaccone G, Herbst RS,
Manegold C, Fukuoka M, Kris MG, Baselga J, Ochs JS and
Haber DA: Epidermal growth factor receptor mutations and
gene amplification in non-small-cell lung cancer: molecular
analysis of the IDEAL/INTACT gefitinib trials. J Clin Oncol
23: 80R1-8092, 2005.

Taron M, Ichinose Y, Rosell R. Mok T, Massuti B, Zamora L,
Mate JL, Manegold C, Ono M, Queralt C, Jahan T, Sanchez JJ,
Sanchez-Ronco M, Hsue V, Jablons D, Sanchez JM and Moran
T: Activating mutations in the tyrosine kinase domain of the
epidermal growth factor receptor are associated with improved
survival  in  gefitinib-treated  chemorefractory  lung
adenocarcinomas. Clin Cancer Res 11: 5878-5885, 2005.
Tomizawn Y. lijima H, Sunaga N, Sato K, Takise A, Otani Y,
Tanaka S. Suga T, Saito R. Ishizuka T. Dobashi K, Minna JD,

13

14

15

16

17

18

19

20

2

—-

22

Nakajima T and Mori M: Clinicopathologic significance of the
mutations of the epidermal growth factor receptor gene in
patients with non-small cell lung cancer, Clin Cancer Res 11:
6816-6822, 2005.

Uramoto H, Sugio K, Oyama T, Ono K. Sugaya M, Yoshimalsu
T, Hanagiri T, Morita M and Yasumoto K: Epidermal growth
factor receptor mulations are associated with gefitinib
sensitivity in non-small cell lung cancer in Japanese. Lung
Cancer 51: T1-77. 2006.

Sasaki H, Endo K, Mizune K, Yano M, Fukai I, Yamakawa Y
and Fujii Y: EGFR mutation status and prognosis for gefitinib
treatment in Japanese lung cancer. Lung Cancer 5I: 135-136,
2006.

Shih JY, Gow CH, Yu CJ, Yang CH, Chang YL, Tsai MF, Hsu
YC, Chen KY, Su WP and Yang PC: Epidermal growth factor
receptor mutations in needle biopsy/aspiration samples predict
response to gefitinib therapy and survival of patients with
advanced nonsmall cell lung cancer. Int J Cancer 2005.
Kobayashi S, Boggon TJ, Dayaram T, Janne PA, Kocher O,
Meyerson M, Johnson BE, Eck MJ, Tenen DG and Halmos B:
EGFR mutation and resistance of non-small-cell lung cancer to
gefitinib. N Engl J Med 352: 786-792, 2005.

Hotta K. Kiura K, Tabata M, Harita §, Gemba K, Yonei T,
Bessho A, Maeda T, Moritaka T, Shibayama T, Matsuo K, Kato
K, Kanehiro A, Tanimoto Y, Ueoka H and Tanimoto M:
Interstitial lung discase in Japanese patients with non-small cell
lung cancer receiving gefitinib: an analysis of risk factors and
treatment outcomes in Okayama Lung Cancer Study Group.
Cancer J 11: 417-424, 2005,

Takano T, Ohe Y, Kusumoto M, Tateishi U, Yamamoto §,
Nokihara H, Yamamoto N, Sckine I, Kunitoh H, Tamura T,
Kodama T and Saijo N: Risk factors for interstitial lung disease
and predictive factors for tumor response in patients with
advanced non-small cell lung cancer treated with gefitinib. Lung
Cancer 45: 93-104, 2004,

She OB, Solit D, Basso A and Moasser MM: Resistance to
gefitinib in PTEN-null HER-overexpressing tumor cells can be
overcome  through restoration of PTEN function or
pharmacologic modulation of constitutive phosphatidylinositol 3'-
kinase/Akt pathway signaling. Clin Cancer Res 9: 4340-4346, 2003
Kokubo Y, Gemma A, Noro R, Seike M, Katacka K. Malsuda
K. Okano T, Minegishi Y. Yoshimura A, Shibuya M and Kudoh
S: Reduction of PTEN protein and loss of epidermal growth
factor receplor gene mutation in lung cancer with natural
resistance to gefitinib (IRESSA). Br J Cancer 92: 1711-1719,
2005.

Cappuzzo F, Hirsch FR, Rossi E, Bartolini §, Ceresoli GL,
Bemis L, Haney J, Witta S, Danenberg K, D
Ludovini V, Magrini E, Gregore V, Doglmm C, Sidoni A
Tonato M, Franklin WA, Crino L, Bunn PA Jr and Varella-
Garcin M: Epidermal growth factor receptor gene and protein
and gefitinib sensitivity in non-small-cell lung cancer. J Natl
Cancer Inst 97: 643-655, 2005.

Takano T. Ohe Y. Sakamoto H, Tsuta K. Matsuno Y, Tateishi
U, Yamamoto 8, Nokihara H, Yamamoto N, Sekine I, Kunitoh
H, Shibata T, Sakiyama T, Yoshida T and Tamura T:
Epidermal growth factor receptor gene mutations and increased
copy numbers predict gefitinib sensitivity in patients with
recurrent non-small-cell lung cancer. J Clin Oncol 23: 6829-
6837, 2005.

— 414 —



Koyama et al: Analyses for Gefitinib Sensitivity, Adverse Evenis, and EGFR Gene Mutation

23 Hirsch FR, Varella-Garcia M, McCoy J, West H, Xavier AC,

Gumerlock P, Bunn PA Jr. Franklin WA, Crowley J and
Gandara DR: Increased epidermal growth factor receptor gene
copy number detected by fluor in situ hybridization
associates with increased sensitivity to gefitinib in patients with
bronchioloalveolar carcinoma subtypes: a Southwest Oncology
Group Study. J Clin Oncol 23: 6838-6845, 2005.

24 Cappuzzo F, Varella-Garcia M, Shigematsu H, Domenichini 1.

Bartolini S, Ceresoli GL, Rossi E, Ludovini V, Gregore V,
Toschi L, Franklin WA, Crino L, Gazdar AF, Bunn PA Jr and
Hirsch FR: Increased HER2 gene copy number is associated
with response to gefitinib therapy in epidermal growth factor
receptor-positive non-small-cell lung cancer patients. J Clin
Oneol 23: 5007-5018, 2005,

25 Cappuzzo F, Magrini E, Ceresoli GL, Bartolini S, Rossi E,

Ludovini V, Gregorc V, Ligorio C, Cancellieri A, Damiani S,
Spreafico A, Paties CT, Lombardo L, Calandri C, Bellezza G,
Tonato M and Crino L: Akt phosphorylation and gefitinib
efficacy in patients with advanced non-small-cell lung cancer. J
Natl Cancer Inst 96: 1133-1141, 2004.

26 Amann J, Kalyankrishna S, Massion PP, Ohm JE, Girard L,

Shigematsu H, Peyton M, Juroske D, Huang Y, Stuart Salmon
J, Kim YH, Pollack JR, Yanagisawa K, Gazdar A, Minna JD,
Kurie JM and Carbone DP: Aberrant epidermal growth factor
receptor signaling and enhanced sensitivity to EGFR inhibitors
in lung cancer. Cancer Res 65: 226-35, 2005.

27 Sordella R, Bell DW, Haber DA and Settleman J: Gefitinib-

sensitizing EGFR mulations in lung cancer activale anti-
apoplotic pathways. Science 305: 1163-1167, 2004.

28 Nagai Y, Miyazawa H, Huqun, Tanaka T, Udagawa K, Kato M,

Fukuyama S, Yokote A, Kobayashi K, Kanazawa M and
Hagiwara K: Genetic heterogeneity of the epidermal growth
factor receptor in non-small cell lung cancer cell lines revealed
by a rapid and sensitive detection system, the peptide nucleic
acid-locked nucleic acid PCR clamp. Cancer Res 65: 7276-7282,
2005.

29 Endo K. Konishi A, Sasaki H, Takada M, Tanaka H, Okumura

M, Kawahara M, Sugiura H, Kuwabara Y, Fukai I, Matsumura
A, Yano M, Kobayashi Y, Mizuno K, Haneda H, Suzuki E,
Tuchi K and Fujii Y: Epidermal growth factor receptor gene
mutation in non-small cell lung cancer using highly sensitive
and fast TagMan PCR assay. Lung Cancer 5¢: 375-384, 2005.

Received August 29, 2006
Accepted October 4, 2006

— 415 —



ANTICANCER RESEARCH

International Journal of Cancer Research and Treatment
ISSN: 0250-7005

October 4, 2006

Dr. Nobuyuki Koyama
Re: Your manuscript No. 7441-K entitled «The Characterization of Gefitinib Sensitivity...»

Dear Dr
Referring to your above manuscript for publication in AR, please allow us 1o use this form letter in reply:
L. Referee’s recommendations:

m Urgent to be published immediately.

) Accepted in the presented form.

1 Accepted with minor changes.

W Accepted with grammatical or language corrections.

® Remarks: 1) Reference No 15 is incomplete  2) Page 4 of proofs reference missing: The therapeutic

effect of gefitinib was determined according to the Response Evaluation Criteria in Solid Tumors (RECIST).

2. Excess page charges.
® Your article has approx. 7 printed pages and is in excess of the allotted number by approx. 3
printed pages. The charges are EURO € 190  per excess page, totalling EURO € 570
We ask you to confirm acceptance of these charges.
{1 Your article includes pages with color figures. The charges are FEURO € per color page, totalling
EURO €
® Our invoice is sent by air mail to the corresponding author.

3. m Your article will appear in Volume 26, Issue No. 6, 2006

4. m Please order your reprints now. This will facilitate our prompt planning of future issues and rapid
publication of your article. Reprints will be delivered by air mail within one month from publication.

We would appreciate your prompt reply.
With many thanks,
Yours sincerely,

:}JL?&" £, .

1.G. Delinassios
Managing Editor

EDITORIAL OFFICE: INTERNATIONAL INSTITUTE OF ANTICANCER RESEARCH
1st km Kapandritiou - Kalamou Rd., Kapandriti, P.O.B. 22, Attiki 19014, Greece. Tel.: 0030-22950-52945;
Tel & Fax:0030-22950-53389; e-mail: journals@iiar-anticancer.org

— 416 —



ANTICANCER RESEARCH

International Journal of Cancer Research and Treatment

ISSN: 0250-7005

Editorial Office: International Institute of Anticancer Research,
1st km Kapandritiou - Kalamou Rd., Kapandriti, P.O.B. 22, Attiki 19014, Greece
Fax:0030-22950-53389;Tel.: 0030-22950-52945; e-mail: journals@iiar-anticancer.org

Please type or print the requested information on the reprint order form and return it to the Editorial
Office by fax or e-mail.

Reprints must be paid for in advance.

If your paper is subject to charges for excess pages or color plates, please add these charges to the pay-

ment for reprints.
The reprints are not to be sold.

PRICE LIST FOR REPRINTS WITHOUT COVER
Number of copies requested

Page 100 200 300 400 500 1000 1500 2000 3000 5000
length

1-4pp EURO 335 387 438 503 554 851 1135 1470 2038 3225
5-8 438 503 580 645 722 1083 1445 1832 2554 4012
9-12 554 619 709 787 877 1341 1780 2219 3096 4824
13-16 709 787 890 993 1096 1625 2141 2657 3676 5715
17-20 838 929 1032 1148 1277 1883 2451 3044 4244 6527

For reprints with cover: Please add uro 140.00 per 100 copies.
Postage: Please add 4% on the above prices.

Reprint Order Form

Of my paper No. 7441-K comprising 7 printed pages, entitled «The Characterization of Gefitinib Sensi-

tivily...»

accepted for publication in ANTICANCER RESEARCH Vol. 26 No. 6

01 require a total of copies at EURO

01 do not require reprints

[CJPlease send me a copy of this issue containing my paper at EURO 45.00

[ Please enter my personal subscription to ANTICANCER RESEARCH at the special Author’s price of
EURO 400.00 ( O Year: 2006)

CJ A check for the above amounts payable to J. G. Delinassios, Executive Publisher of Anticancer
Research Journal, is enclosed.

[JPlease send an invoice to:

For EC countries: Please give your VAT number:

City and Date: Signature:
Exact postal address:

Tel:

Fax:

— 417 —



logy

'S10

ar and Molecular Phy

L4

—
e |
_—
L]
S’
e
o
-
-
]
~
e

i()l();;

American Journal of Phys

Am J Physiol Lung Cell Mol Physiol 290: L194-L199, 2006,
First published August 12, 2005; doi: 10| 152/ajplung.00050.2005.

Involvement of the platelet-activating factor receptor in host defense against

Streptococcus pneumoniae during postinfluenza pneumonia

Koenraad F. van der SIIIUS."""" Leontine J. R. van Elden,* Monique Nijhuis.‘

Rob Schuurman,* Sandrine Florquin,® Takao Shimizu,® Satoshi Ishii,”

Henk M. Jansen,? René Lutter,> and Tom van der Poll!

'Laboratory of Experimental Iniernal Medicine, *Depariment of Pulmonology, *Laboratory of Experimental
Immunology, *Department of Pathology, Academic Medical Center, University of Amsterdam, Amsterdam;
‘E:'ka;m-“f’iﬂkfer Institure, Deparmment of Virology, University Medical Cenvter, Utrecht, The Netherlands;
“Department of Binchemistry and Molecular Biology, Faculty of Medicine, The University of Tokve:

and "CREST of Japan Science and Technology Corporation, Tokyo, Japan

Submitted 26 January 2005; sccepted in final form 11 Avgust 2005

van der Sluijs, Koenraad F., Leontine J. R. van Elden, Monique
Nijhuis, Rob Schuurman, Sandrine Florquin, Takao Shimizu,
Satoshi Ishii, Henk M. Jansen, René Lutter, and Tom van der
Poll. Invol of the platelet-activating factor receptor in host
defense against Streplococeus pne iae during postinfluenza pneu-
monia. Am J Physiol Lung Cell Mol Physiol 290: L194-L199, 2006,
First published August 12, 2005; doi: 10.1152/ajplung.00050.2005. —
Although influenza infection alone may lead to pneumonia, secondary
bacterial infections are a much more common cause of pneumonia.
Streplococcus preumoniae is the most frequently isolated causative
pathogen during postinfluenza pneumonia. Considering that S, preu-
moniae utilizes the plmelet-activating factor receptor (PAFR) 1o
invade the respiratory epithelium and that the PAFR is upregulated
during viral infection, we here used PAFR gene-deficient (PAFR™/7)
mice to determine the role of this receptor during postinfluenza
pneumococcal pneumonia. Viral clearance was similar in wild-type
and PAFR ™'~ mice, and influenza virus was completely removed
from the lungs at the time mice were inoculated with 5. pnewmoniae
(day 14 after influenza infection). PAFR ™" mice displayed a signif-
icantly reduced bacterial outgrowth in their lungs, a diminished
dissemination of the infection, and a prolonged survival, Pulmonary
levels of IL-10 and KC were significantly lower in PAFR™' mice,
whereas IL-6 and TNF-a were only trendwise lower. These data
indicate that the pneumococcus uses the PAFR leading to severe
pneamonia in a host previously exposed to influenza A.

virus; bacteria; pneumonia; inflammation

ALTHOUGH INFLUENZA A INFECTION alone may lead (o pneumonia,
secondary bacterial infections during and shortly after recovery
from influenza are much more common causes of pneumonia
(12, 28). Bacteria such as Staphylococcus aurens and Hae-
mophilus influenzae are Known to cause postinfluenza pneu-
monia, but Streptococcus pneumoniae is the most prominent
pathogen causing secondary bacterial pneumonia in recent
decades (28), Primary infection with this pathogen is usually
less severe than secondary infection (16). Influenza is known to
increase adherence of and subsequent colonization with bacte-
rial respiratory pathogens. Bacteria may adhere to the basal
membrane after disruption of the airway epithelial layer by the
cytopathic effect of the virus (17) but may also bind to specific
receptors in the airway epithelium induced by influenza virus
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(6, 11). Because the platelet-activating factor receptor (PAFR)
has been described to be upregulated during viral infections
(10} and since the PAFR is able to bind phosphorylcholine, a
cell wall component of §. pneumoniae (3, 5, 12), it has been
suggested that the PAFR may play a critical role during
secondary bacterial pneumonia (11).

The PAFR, a G protein-coupled receptor, is mainly ex-
pressed on macrophages, monocytes, neutrophils, and epithe-
lial cells (8. 9, 22, 24). Activation of epithelial cells leads to
upregulation of the PAFR at the cell surface, which facilitates
colonization and invasion of §. pneumoniae (3, 9). A recent
study by McCullers and Rehg (11) investigated the potential
role of the PAFR in pneumococcal pneumonia following in-
fluenza A infection. These authors showed that PAFR blockade
during secondary pneumococcal pneumonia does not prevent
lethal synergism between influenza virus and §. pneumoniae
(11). Moreover, administration of the PAFR antagonist CV-
6209 resulted in enhanced bacterial outgrowth, even in mice
with primary pneumococcal pneumonia (11). These findings
contrast with earlier studies reporting that administration of
PAFR antagonists reduced pneumococcal outgrowth in rabbits
(2, 3). In line, our laboratory recently demonstrated that PAFR
gene deficient (PAFR /) mice display a diminished bacterial
outgrowth and a reduced lethality after intranasal infection
with §. pneumoniae (20). To obtain further insight in the role
of the PAFR during secondary bacterial pneumonia, we inoc-
ulated PAFR ™'~ mice and wild-type mice with S. pneumoniae
on day 14 after influenza virus infection and studied host
defense against primary influenza virus infection and second-
ary S. pneumoniae infection.

MATERIALS AND METHODS

Mice. PAFR ™/~ mice were generated as described (7) and back-
crossed seven times 1o a CSTBL/6 background. Wild-type C57BL/G
mice were obtained from Harlan Sprague-Dawley. Pathogen-free
8-wk-old female CS7BL/6 mice and PAFR™'~ mice were maintained
at biosafety level 2 during the experiments. All experiments were
approved by the Institutional Animal Care and Use Commuittee of the
Academic Medical Center,

Experimental infection protocol. Influenza A/PR/B/34 (VR-95;
ATCC, Rockville, MD) was grown on LLC-MK2 cells (RIVM,
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