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isting biomarkers (predictability, reliability,
specificity e.g.), whereas the latier is to select
biomarkers without any hypothesis, by DNA
microarray or proteomics. A1l the same time,
validation of the selected blomarkers is neces-
sary. Currently, the hypothesis-free approach
seems to be the trend.

In general, biomarkers in the hypothesis-
driven approach are relatively easy to under
stand, and zre based on biological evidence.
They can be expected to be more easily applied
clinically. However, there is a limitation : only
pre-existing biomarkers can be used. On the
other hand, in the case of biomarkers in the
hypothesis-frec approach, it is difficult to under-
siand underlying biological mechanisms and it is
difficult to directly apply these markers clinical-
ly. However, novel biomarkers can be discover-
ed by this approach.

When considering a pew prospective study
using microarray gene expression profiling, it is
of importance to pay atlention Lo some points, as
follows. The investigators should recognize the
role of quality assurance and perform the study
accordingly. Regarding the data of DNA expres-
sion for Cancer Diagnostics, the guidelines
proposed by the NCI-EORTC Working Group
are helpful® For the development of classifica-
tions based on the gene expression piofile, the
following points must be taken into considera-

tion. 1) A common therapy is essential for
identical populations. Are the results reasonable
enough to establish a therapeutic policy ? Will
the new classification be generally used based on
the cost-benefit balance, by comparing the selec-
uon of the therapies and the cost for mis-classi-
fied 7 These points should be discussed
preliminarily during the process of designing of
the study.  For further evaluation, internal
validation is necessary 10 prove the accuracy of
the new classification in comparison with the
pre-existing prognostic factors. The validation
process includes 1) transfer to other platforms
that are commonly used in clinical sitvations.
(For example. will the classification identified
by DNA chip analysis be valid for transfer to
that by RT-PCR or immunohistochemical (JCH)
examination), 2) conflirmation of the re-
producibility of the classification by the new
platform (RT-PCR or ICH), and 3) independent
validation in a prospective study. In addition,
the investigators should recognize “multiplicity”
of the comprehensive data sets, such as those of
gene expression. Many rescarchers have reported
classifiers to predict the prognosis of patients
with cancers. For example, a 17- gene signaturc
associated with metastasis was identified by s
DNA chip analysis by Ramaswamy et al..* (Fig..
4)

Several researchers have atempted the same

Table 3 The 17-gene signature associated with metastasis
Gene Gene name GenBank 1D
Upregulated in metastases
SNRFPF Small nuclear ribonucleoprotein A 1032612
EIF4EL3 Elongation initiation factor 4E-like 3 AF038957
HNRPAB Heterogeneous nuclear ribonucleoprotein A/RB M65028
DHPS Deoxyhypusine synthase u79262
PTTG! Securin AA203476
COLIAI Type 1 collagen, o Y 15913
COLIA2 Type 1 collagen, a2 103464
LMNBI Lamin Bl 137747
Downregulated in metastascs
ACTG2 Actin, 2 D00654
MYLK Myosin light chain kinase 148959
MYHI] Myosin, heavy chain 11 AFOD} S48
CNNI Calponin | 1317408
HLA-DPBE! MHC Class 11. DPgI1 ME3664
RUNXI Runt-related transcription factor | 43969
MT3 Mciallothionein 3 §72043
NR4Al Nuclear hormone receptor TR3 1.13740
RBAMS RNA binding mouf 3 AF0O91263
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Fig. 4  Genes associated with metestases.
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Columns represent buman tumor samples (64 primary and 12 melasiatic adenocarcinomas) | Tows
represent the 128 genes (64 overeapressed and 64 vndereapressed in meiastases) that best distin:
guished the primary from the metastatic tumors using a weighted-voting algorithm in leave-one-out
cross-validation {cross-validation accuracy=80%. P =0.012 by permutation testing; Colorgram
depicts high (red) and low (blue) relative levels of gene expression A ‘striped’ pattern way observed
in some primary tumers {(arrow), indicating the presence of & gene-expression program associated

with metastases (Ramaswamy ei al, Nature Genetics 2002)

approach and obtlained gene sets that predict
prognosis of patients with breast cancer. Sorile
selected a set of 456 genes® (PNAS 2001). Vanh
Veer selected a set of 23] genes determining the
prognosis and validaled it using the independent
data of 295 patienis.* However, in relation to
theis sclected genes, a few genes were overlapped.
This discrepancy might be due to the following
reasons : 1) validatien in different clinical back-
grounds, such as disease, histology, response
criteria, and treatment. 2) difference in the assay
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methods used for RNA purification and in the
methods used for gene amplification, and/or 3)
difference in the analytical process used, such as
standardizations and algorithms. How should
future biomarker studies be considered 7 Future
biomarker studies should include : 1) a prospec-
tive correlative study hetween markers and clini-
cal features (survival and response e.g.), 2) bar-
ebones sample size. and 3} validation on
another platform.”

Another problem is that the sclected markers
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usually contain many functionally unknown
markers. Therefore, it is difficult to discuss the
implications of biomarkers without the availa-
bility of biological information. At the same
lime, it is necessary to analyze the functions of
cach biomarker, which requires much effort
Therefore, investigators should start biomarker
{pharmacogenomic) studics in the early phase.
Statistically, algorithms and data sets containing
the biological information should be construct-
ed. In addition, standardization of these analyti-
cal methods is essential. For clinical side apphi-
cation ?, adequate prospective clinical studies are
required. 1t is thus of utmost imporiance o
establish better communication between clinjcal
researchers. basic researchers and bio-statisti-
cians from the planning stage.
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Abstract

1.858R point mutation in exon 21 of the
EGFR genc, nccounting for approximately 40%
of non-small cell lung cancer (NSCLC)-as-
socisted EGFR mutsations, has been known to
hyper-respond to pefitinib, a selective EGFR
tyrosine kinase inbibitor. From this view point,
it is important to detect EGIR mutations.
Immunohistochemistry (JHC) is commonly uscd
to anzalyze the molecolar status of several clini-
cal specimens. We have developed specific
antibodies recognizing the EGFR
(L858R) protein and characterized the anti-
bodies by FLISA, Western blot, immunocyto-

mutant

Introduction

Lung cancer is a major cause of cancer-related
mortality worldwide and is expected 10 remain a
major health problem for the foreseeable future.’
Targeting the epidermal growth factor receplor
(EGFR} is one appealing therapeutic strategy for
non-small cell lung cancer (NSCLC) because
constitutively-active types of EGFR mutations,
sometimes together with their strong expression,
have been believed to contribute to the patholog-

ical features of NSCLC such as disease progres-

sion, or unregulated cell growth* In the clinical
situation, NSCLC tumors with such mutations
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chemistry, and immunohistochemistry. Using
any of thesc evaluation methods, we found an
entibody, AbyD02889, which could detect the
EGFR (1.858R) protein with specificity.
AbyD02889 may be a useful tool to detect the
EGFR (L858R) mutation of NSCLC
clinical situation. THC using the mutant-spe-
cific anti-EGFR antibody will be a powerful
assay to predict or select subpopulation sensitive
to EGFR-TKIL

Key words : NSCLC, mutant EGFR, HuCAL
antibody

in the

have been reported to hyper-respond significant-
ly to gefitinib, a selective EGFR tyrosine kinase
inhibitor.®* Such EGFR mutations consisted of
small in-frame deletions or substitutions cluster-
ed around the ATP-binding site in exons 18§, 19,
and 21 of the EGFR, and the mutations in-
creased the affinity of the enzyme for ATP and
gefitinib. Some investigators subsequently found
that these EGFR mutations were strong determi-
nants response an EGFR
tyrosine kinase inhibitor.®% The two studics
demonstrated two major EGFR mutations (E746
A750del in exon 19 and LE&ESER in exon 21)
occupying approximately 90% of the NSCLC-

of the tumor to
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associated EGFR mutations. in both trials using
surgical tissue 1o detect the EGFR mutations.®?

Our laboratory has also been interested in the
clinical relationship between the somatic EGFR
mutations and responsivencss of NSCLC-tumors
to EGFR tyrosine kinase inhibitors.  Kilmura
repoited that the Scorpion ARMS method could
detect the EGFR multations using serum o1
pleural effusion from NSCLC patients with a
high sensitivity, reliability, and less invasiveness
even though only a small amount of genomic
DNA was contzined in the scrum or pleural
effusion sample.*®  In addition 1o thesc
approaches to detect EGFR mutations using
genomic DNA, it is considered important and
useful 1o specifically detect the mutant LGFR
proteins which are final products by the somatic
mutations in cancer cells. From this view point,
development of a specific antibody recognizing a
mutant EGFR protein becomes & useful alterna-
Hive method of detection to PCR-based genomic
diagnosis, which will provide us with even more
information about the mutation. For example,
using the mutani-specific antibody and im-
munocytochemical technigue. we will be able to
conveniently detect EGFR mutations in only
one cancer cell,

MorphoSys (Munich, Germany) provides an
uniquely powerful technology of antibody gener-
ation. In the HuCAL® libraries, the structural
diversity of the human antibody repertoire 1§
represented by seven heavy chain and seven light
chain variable region genes, giving rise 1o 49
frameworks in the master library. Highly vari-
able genetic casseties (CDRs. complementarity
determining regions) are then superimposed omn
these frameworks to mimic the entire humean
antibody repertoire (Figure 1A). More than 10
billion functionz! human antibody specificities
in Fab format have alrcady been prefabricated
and are available in phage libraries.!'™**

Using this technology, we developed & specific
antibody for the mutant EGFR {LB58R). Herein
we report the characterizaiion of the antibody
and discuss the feasibility of using the antibody
for NSCLC. '

Materials and Methods

Expression constructs

A eukaryotic ecxpression veclor, peDNAJZ
(4 (Invitrogen. Carlsbad, CA), was used as a
backbone vector 1o preduce peDNA-IG, which
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was constructed by insertion of an JRES-EGFP
(enhanced green fluoiescence protein following
internal tibosome entry scquence) [ragment at
the Notl-Xhol sites of pcDNA3L (+). pcDNA-
1G expressed the gene of interest together with
EGFP and allowed us 1o ascertain the protein
expression indirectly by monitoring the EGFP
expression.  Full length ¢DNA of wild-type
EGFR and its mutant EGFR (L838R) were
amplified by RT-PCR from a human embryonal
kidney cell line (HEK293) and & non-small cell
lung cancer cell line’ '® respectively. A High
Fidelity RNA PCR Kit (TaKaRa. Shiga, Japan)
was used for the RT-PCR and the following
primer  sets were synthesized {forward.
CGCTAGCCCCCTGACTCCGTC-
CAGTATTGA ; reverse, CCCCTGACTCC.
GTCCAGTATTGA). The PCR products were
amplified again using PyrobestTM  DNA
polymerase (TaKaRa) with the primer sets (for-
ward, CGCTAG (_‘CC(‘CTGACTCCGT‘C’ .
CAGTATTGA ; reverse, CGAAGCTTTGCT-
CCAATAAATTCACTGC).  This amplfied
DNA encoding wild-lype and muiant EGFR
included Nhel and Hindll] at the 5°- and 3™-ends,
respectively.  These two PCR products were
subcloned inte & pCR Biuntll-TOPO vectot
{Invittogen) and their sequences were confirmed
with an ABI 310 capillary sequencer {Applied
Biosystem).

Reverse znd forward oligonucleotides encod-
ing the myc-tap sequence (EQKLISEEDLN)
were designed and synthesized as follows: for-
ward, AGCTTGAACAGAAGCTGATCT-
CAGAGGAGGACCTGAATTGAC ; reverse.
TCGAGTCAATTCAGGTCCTCCTCT-
GAGATCAGCTTCTGTTCA. Two oligos
were annealed under at the following condi-
tions: 95°C for 2 min, 80°C for 2 min, 55°C and
37°C for 2 min. This annealing procedure gener-
ated the ds-oligos including HindIll- and Notl-
cut cohesive ends, at the 5'- and 3'-cnds, respec-
tively. Thesc ds-oligos were inserted in the
Hindl1l-Notl sites of pcDNA-1G. Subsequently.
each cDNA of wild-type or mutant EGFR, that
was cut out from the pCR Bluntll-TOPO vecior
with Nhel and Hindlll, was transferred to the
Nhel-Hindlll sites of pcDNA-IG. Finally, two
veclors expressing myc-lagged  wild-type
mutani EGFR proteins with EGTP were con-
strucled and designated as pcDNA-EGFR (WT)-
myc-1G and peDNA-EGFR (L838R)-myc-1G,

respectively.
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Cell culture and transfection

HEK293 (a human embryonal kidney ccll
line) and 11-18 {a non-small cell lung cancer cell
line) cells were maintained in RPMI-1640
medium supplemented with 10 % fetal bovine
serum (FBS). pcDNA-EGFR (WT)-myc-1G o1
pcDNA-EGFR (1.858R)-myc-]1G was transfected
into the HEK 293 cells using the FuGene6 trans-
fection reagent (Roche Diagnostics, Basel, Swii-
zerland). Briefly, 80% confluent cells cultured on
a 10cm dish were liansiently transfected with 6
ug of vector. Forty-eight hours after transfec-
tion, the cells were washed with phosphate buf-
fered salinc (PBS) and the cell lysates were
prepared for immunoblotting analysis. For im-
munostaining, the transfected cells were trypsin-
ized once, replated on a poly-L-lysine (PLL)
(SIGMA-ALDRICH, St Louis, MO)-coated 24
well plate, and then used for the examination.
ELISA

The specificity of each HuCAL antibody
(AbyD02889, AbyD02890, AbyD02991) was
checked by ELISA. Briefly, a 96-well microtiter
plate was coated with 20 pg/ml of EGFR (WT),
EGFR (1.§58R), CD33-6xHis, Ubiquitin, Stat,
and FITC proteins which were diluted in PBS
with or without either transferring (Trf) o1
bovine serum albumin (BSA). After incubation
at 37°C for 1 h, the plate was washed three times
with PBS. Then. the proleins were proved with
each HuCAL antibody at 1 ug/ml followed by
incubation with horseradish peroxidase (HRP)-
conjugated anti-His antibody (Santa Cruz Biote-
chnologies). One hundred pl of the substrate
solution were added per well. Afer sufficient
color development, 100 y1 of stop solution to the
wells. The zbsorbance of cach well was read at
450 nm with a plate reader.
Immunoprecipitation and Immunoblotting

The two (GST-fused recombinant proteins with
cytoplasmic wild-type EGFR and its L858R
mutant were purchased from Upstate Biotech
(Lake Placid, NY). The transiently transfected
HEK?293 cells with either pcDNA-EGFR (WT)-
myc-1G or pcDNA-EGFR (L838R)-myc-1G were
lysed 48 h later with a lysis buffer containing 1%
triton X, 50 mM HEPES (pH 7.4). S mM EDTA,
S0 mM NaCl, 10 mM Na pyrophosphate, 50 mM
NaF. | mM Na orthovanadatle, and protease
inhibitor mix. complete”™ (Roche). Five hun-
dred micrograms of cell lysale were immuno-
precipitated by incubation with 2 4g ol anti-myc
antibady (Roche) for 3h followed by further
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incubhation with protein-G sgarose {Santa Cruz
Biotechnologies) for 1 h. The recombinant pro-
teins and immunoprecipitated samples were se-
parated with SDS-PAGE and blotted on =
PVDF membrane. The membrane was probed
with HuCAL anuibodies, monoclonal anti-
EGFR antibody (Cell Signaling, Beverly, MA),
or monoclonal anti-pY20 antibody (Cell Signa-
ling) followed by incubation with a monoclonal
or polyclonal HRP-conjugated second antibody
(Cell Signaling, Beverly, MA). An ECL detec-
tion system was then used for visnalization.
GST-tagged cytoplasmic wild-iype and mutant
EGFR (L858R) proteins were purchased from
Upstate Biotech. For probing with His-tagged
anti-EGFR  (L858R) HuCAlL antibodies, 2
monoclonal HRP-conjugated anti-His antibody
{Sama Cruz Biotechnologies) was used as the
second antibody.
Immuyunocytochemistry
chemistry

The 11-18 and HEK 293 cells were plated on a
PLL-coated 24-wcell plate at 5,000 cells/well.
For assay of the transfected cells, the 48 h-in-
cubated cells after transfection were trypsinized
and replated. The cells were fixed with 4%
paraformaldehyde for 30 min. The cells were
then permeabilized and blocked with a PBS
buffer containing 0.3% Triton X and 10% normal
goat scrum for 1 h and probed with the HuCAL
antibodies at 20 yg/ml followed by visualization
using an FITC- o1 rthodamine-conjugated anti-
His antibody (Santa Cruz Biotechnologies) as
the second antibody. Fluorescence microscopic
exzmination was carried out using 8 KEYENCE
microscopic system (Woodcliff Lake, NJ). For
immunohistochemistry, an JIRP-conjugated
anti-His antibody was used as the second anti-
body followed by DAB staining.

and Immunohisto-

Results

Generation of monoclonal antibodics against
mutant EGFR (L858R)

We used the recombinant antibodies technol-
ogv provided by MorphoSys (MorphoSys). An
antigen (the peptide of mutant EGFR (1.858R))
was designed and synthesized. The antigen wag
screened against the HuCAl GOLD¥ library
(MorphoSys) with its more than 1S billion anti-
body specificities. which enabled us 10 develop
monaoclonal antibodies rapidly.  The antigen
the awvtomated panning

cnters process

&Y



M Kawaish) et al

(AutoPan® provided by MorphoSys). where it i
immobilized for screening against an antibody-
displaying phage. Three candidates
(AbyD02889, AbyDD02890, and AbyDO02891)
from the screening process were obtained and
affinity-purified. We used the monovalent for-
mal of the Fab fragment tagged with Myc-His at
the C-terminus (Figure 1A} and checked the
specificity of these three antibodies with an
ELISA for EGFR (WT), EGFR (L858R)-BSA,
and EGFR (L&58R)-Trf (Figure 1B). Two anti-
bodies, Aby[DD2889 and AbyD02890, recognized
EGFR (LB858R) specifically, whereas
AbyD02891 bound to both the wild-type and
mutant EGFR.
Specificity of HuCAL antibodies against
recombinant GST-fused wild type and mutant
EGTFR proteins

Figure 2A shows a schematic representation of
the cytoplasmic domains of wild-type and
1 £58R-mutant EGFR fused with glutathione S-

Iy 1

HCDRY HCODR2
[T TEI TEET m’.:t

LCDRZ LCDRI

HUCAL heavy ehzin

pryctmg  EXHIX
B Brti-EGFR {1 8557 mrtipodies
" :
» E:: ahgDzess
@ [ avyDoZBR0
B [k avyoozesn

Slgrst {wfold ] ov e haavyond

gff' ’a

Generation of monoclonsl entibodies agsinst @
mutznt EGFR (L85ER).

(A} A representation of the strvature of anti-EGFR
(LLR38R) antibodies  The structural diversity of the
human antibody repertoire is represented by heavy
Highly vari-

Fig. 1

and light chain varizble region genes.
able casseties  (CDRs:
delermining regions) are ihen superimposed on these
frameworks 1o mimic the cntire human antibody
The menovalent formai of the Feb frag:

genetic complementarity

repertoire.
ment we used is tagped with Myc-His at the C-termi-
nus (B} Characterization of three candidates
{AbyDO2889. AbyD028%0. and AbyD02891) by
ELISA. The specibicny of the thice was cheched by
sn ELISA for EGTR (WT), EGTR (1 858R)-BSA.
and FGTR (1LESERY Tt
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transferase (GST). Using these 1wo antigens, we
tested the specificity of the HuCAL antibodics
Both AbyD02889 and AbyD02890 antibodies

A
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GET |27
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B o
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106 kD2 —p
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¥ip.2  Immunoblot anzlysis of two recombinant GST-fused
EGFR proteins, GST-EGFR(WT) snd GST-
EGFR(1LESER), using AbyD0O28ES end AbyDO02890

(A} Cywoplesmic domains of wild-1ype and LESER-
mutant EGTR were fosed with glutathione S-irans
ferase (GST) and used for immunoblol analysis s
the sntigens zgainst AbyDO028E9 and AbyD02890.
(B) Checking the specificity
AbyDO2889 and AbyDD289DS0 epainst twa GST-
fused EGFR proteins, Fifty, 5
protein were separated by SDS-PAGE and blotied
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Checking the specificity end affinity of AbyD02889
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recognized 50 ng mutant EGFR protein specifi-
cally, while they were not able to bind to wild-
type EGFR protein at all (Figure 2B). In addi-
tion, the affinity of AbyD02889 for the mutant
protein was clearly demonstrated to be higher
than thai of AbyD02890.
Specific recognition of AbyD02889 against the
full length mutant EGFR (L8S8R) protein
expressed in HHEK293 cells

One or 0.2up of either pcDNA3.J-EGFR
(WT)-myc or pcDNA3L-EGFR (L858R)-myc
was transiently rransfected into the 2x10°
HEK?293 cells/6 ¢cm well. Immunoprecipitated
EGFR (1.858R) protein with anti-myc antibody
{in the upper panels of Figure 3) was pbosphor-
ylated ai a much higher rate than wild-type
EGFR protein {in the middle panpels). After
denuding the anu-pY antibody, the membrane
was reproved with AbyD02889 and AbyD02890.
AbyDO02889 specifically recognized the EGFR
(L.858R) protein but AbyD02890 did not (in the
lower panels). These findings together with the

E: anti-LeseR (AbyDD288S)

S

results in Figure 2 suggesied that AbyDO2ERY
specifically recognized the EGFR (L858R) pro-
tein either produced in bacteria o1 expressed in
human cells.
Immunoecytochemical cvaluation of the
specificity of AbyD02889 and AbyD02890
Next, we checked the feasibility of the use of
HuCAL antibodies for immunocytochemistry.
The HEK293 cells were transfected with
pcDNA3 1 (Figure 4, panels a, d, g, and j).
pcDNA3I-EGFR (WT)-myc (Figure 4, panels
b, e, h, and k), or pcDNA3 1-EGFR (1.858R)-
myc (Figure 4, panels ¢, f, I, and 1). EGFR
(1L.B38R)-transfected HEK293 cells (293-L§58R)
were positive for AbyID02889 (Figure 4, panel ¢)
but negative for AbyD08%0 (Figure 4. panel i),
and EGFR (WT)-transfected cells were negative
for both antibodies (Figure 4, panels b and h).
Then, we analyzed 11-18 cells harboring an
intrinsic  EGFR  (L858R) mutation using
AbyDO02889. The 11-18 cells were positive for
AbyDO02EE9S (Figure 5, panel b) but the HEK 293

283.1856R

283 ~ 283.wile

Fig.4  Evaluation of the specificity of AbyD02889 and AbyDO02&90 by immunocylochemical analysis

The HEK 293 cells transfected with pcDNAZL (5, d, g, and j), pcDNAZLEGYR (WT)-myc (b. ¢,
h.and k), or pcDNA3 I-EGFR (L85&R)}-myc (¢, [ . and 1) were examined immunacytochemically
using the HuC AL amtibodies. Forty cight h after trznsfeciion. the cells were replated on a PLL-
cozted 24-well plate at 5,000 cells/well and funther incubeated for 24 b After fixation. permializa-
tion. and blocking the cells were probed with the HuC AL antibodics followed by visualization
using a thodamine-conjugeted anti-His antibody as the second antibody. A flucrescence micro-
scopic examingtion was carried om The fluorescence microscepic views of the cells probed with
AbyDO28EY and AbyID02480 are shown in the upper {g, b. gnd ¢) znd lower pancls {g. b, and 1),

respectively.  The light microscopic views ate shown in d, e [, k. and |
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Anti-LBBBR
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11-18 cells

283-EGFRIWT)

(AbyDDZBAE)

Anti-EGFR
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Fig.5  Specificity of AbyDO02889 against EGFR (L858R) protein intrinsically expressed in the 11-18 ells.
The 11-1§ cells and HEK293-expressing EGFR (WT)-myc (293-EGFR(WT)) were cctopically
plated on a PIlL-costed 24-well plate a1 5000 cells/well.  Afier fixation, permialization. znd
blocking. the cells were probed with the AbyD02885 (b znd ¢} and anti-EGFR antibodies (Cell
Signaling) (¢ and T) fallowed by probing with the FITC-conjugated enti-His antibody as & second

antibody  The signal was examined with fluorescence mictoscopy  The fluorescence views of 11-
18 cells and 293-EGFR(WT) cells zre shown in the upper (a b, and ¢) and lower panels (p. h, and

1) respectively.
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Fig.6 lmmunohistochemical znalysis of two clinical specimens of non-small cell Tung cancer whose
EGFR ststus hizd been confirmed by the direct sequencing methed
The upper and lower three panels show DAB wzining by AbBYDO2ERO and Aby1X02890 for tissue
sections of EGFR (WT)- and EGFR (L&58R )-expressing NSCLC. respectively.

cells transfected with the wild-type EGFR (293-
EGFR (WT)} were negative for the antibody.
On the contrary, 2n anti-EGFR antibody ({from
Cell Signaling) detected both the 11-18 and 293-
EGFR (WT) cells {Figuic 5, panels ¢ and I).
These results showed that the mutant EGFR
protein expressed in human cells could be detect-
ed with specificity by AbyD0889.
Immunohistochemical evaluation of
AbyD02889 and AbyD{2890

Finally, we evaluated the immunobhisto-
chemical assay for two clinical specimens of
NSCLC whose EGTR status had been confirmed
by direct sequencing. The upper sections of an
NSCLC iumor with no EGFR mutzation were
negative for both AbyDO0288Y znd AbyD02890
(Figure 6. pancls b and ¢) while the Tower sec-
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tions with the L858R mutation were positive for
AbyD02889 but negative for AbyD02890, sugges-
ting that AbyDO02889 could specifically detect
the EGFR (1.858R)-cxpressing cells even in a
paraffin embedded section and might be useful
for the immunohistochemical examination of
EGFR mutations.

Discussion

We developed an antibody specifically recogn-
izing a mutant EGFR (L.858R) protein by screen-
ing a HuC Al phage library. We found that this
specific antibody (AbyD02889) could specifi-
cally detect the mutant protein and was available
for ELISA. immuncblotting, immunocylo.
chemistry, and immunohistochemistry. Here, we



Development and cheracierizating of zn antibod;

would like to discuss the feasibility of the use of
this antibody in the cancer research ficld and in
the clinical situation. '

Recent cancer research has
toward the discovery of a molecular target which
is necessary to maintain umor survival or
growth.!* This may possibly lead 1o the develop-
ment of a specific inhibitor for molecular targets
characteristic of various tumor species, which
may become one promising therapeutic strategy
for cancer. Typical cases of this strategy are the
currently successful results of tyrosine kinase
inhibitors such as Iressa, tatceva, and glivec.’® '®
Gefitinib has been reporied to be effective espe-
cially against NSCLC patients with E746
A750del in exon 19 or L&58R in exon 21, which
account for approximately 90% of the NSCLC-
associated EGFR mutations.® In other words.
the development of Iressa has made & revolution-
ary contribution to lung cancer lreatment. The
EGFR mutation in Japanese NSCLC paticnts
has been reporied to be relatively high in fre-
quency, although there are differences among the
various human racial types.*®%

Under these circumstances, it is important to
know how to sclect the group of patients in
whom the benefit of Iressa may be maximized.
Based on this view, we have developed the Scos-
pion ARMS method. a highly-sensitive PCR-
based detection method of gene mutstion, and
have reporied its reliability and feasibility for
clinical use.#¢ In addition to the high sensitiv-
ity, this method has another great advantage that
contamination of the wild-type EGTFR gene
derived from normel tissue surrounding the
tumor does not interfere with its sensitivity o1
specificity. However. because there were a few
false negative or positive cases,® it is still impos-
sible 1o say that this method is perfect.  For
example, when we examine the genome DNA
containing a lower amount of the mutant EGFR
gene than the lower detectable limit (this is
considered 1o be caused by the situation that
only a small number of tumor cells having
EGFR mutation exist in the tissue sample), the
Scorpion-ARMS technique may possibly fail to
detect this mutation. Alhough this is consid-
ered as one limitation of the ARMS technology.
we still have to make & greater effort to improve
the precise detection of the mutation. One strat-
egv is to detect the protein of the mutant EGFR
using a mutant-specific antibody. which would
enable us 1o improve the detectability through

shown trends
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the use of the antibody and the Scorpion-ARMS
method in combination. Form this point, we
stress the significance of the mutant EGFR
(1.§58R)-specific antibody and would like 1o
discuss its feasibility.

This antibody enables us 1o examine the
mutation using one tumor cell. which is @ great
advantage in addition to its contribution 1o
improvement of the detectability of the muta-

tion. Actually, Figures 4 and 5 show that only

the cells expressing mutant EGFR (L838R) pro-
tein were stained with the mutant-specific anti-
body. One tumor cell is the smallest tumor
sample necessary for examination. Using the
mutant-specific antibody we have developed, it is
therefore possible 1o detect a single cell muta-
tion, meaning that we can diagnost the EGFR
mutation in one tumor cell derived from the
smallest clinical sample with a less invasive
approach. This antibody offers the potemial to
make a large contribution to the clinical evalua-
tion of the EGFR mutation. Furthermore. this
antibody shows promising imporiance when
considering tumor oncogenesis and progression
from the aspect of the research field. A1t present,
it remains controversial whether a hit on the
EGFR gene causes the development of cancer o1
if one heteropopulation of cancer cells in the
tumor acquires the EGFR mutation. This dis-
cussion 1s considered 1o be related Jargely 1o the
clinical responsiveness of cancer to Iressa, and its
prognosis. According to the latter hypothesis of
oncogenesis, the tumor cells with wild-type
EGFR, 1o which Iressa may be less effective, will
survive and grow even while Iressa responds well
to the cells harboring the EGFR mutation.
There we will find that the mutation-positive
and negative tumor cells co-localize in one
tumor mass using our EGFR (L&SER )-specific
antibody. Finally, we would like to say that our
EGFR (L858R)-specific antibody will be a use-
ful 100l to obtain more important information
on NSCLC in the clinical situation or even in
the research field as well. Our current rescarch
strategy is focused on developing a specific anti-
body against deletional EGFR mutants.

References

1. Parkin DM, Bray F, Ferlay J, Pisent P (2003) Global
cancer slatistics, 2002, CA Cancer J Clin 55 74-108
2. Franklin WA, Veve R. Hirsch FR. Helfrich BA.
Bunn PA, Jr (2002) Epidamal growth factor receptor



M. Kaweishi et ol

{fumily in lung cancer and premahgrancy. Semin Oncol
29 314
3. Lynch TJ, Beli DW, Sordelia R, Gurubhspavawla 8.
Okimote RA, Brannigan BW, Harnis PL, Hascrlot SM,
Supko JG, Haluska FG. Louie DN, Christiani DC.
Scttleman J, Haber DA (2004) Activating mutations in
the epidermal growth factor receptor underlying re-
spoensiveness of non-small<ell lung cancer o gefitinib.
N Engl J Med 350 2129-2139
4. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H,
Gabriel S, Herman P, Kaye FJ, Lindeman N, Boggon
Tl Naoki K. Sasaki M, Fujii Y, Eck M1, Sellers WR,
Johnson BE, Meyerson M (2004) EGFR mutalions in
long cancer: correlation with clinical respense 1o
pelitinib therapy  Science 304 1497-1500
5. Han SW, Kim TY, Hwang PG, Jeong S, Kim I, Choi
I1S. Oh DY, Kim JH, Kim DW, Chung DH, Im SA,
Kim YT, Lee 1S, Heo DS, Bang YJ, Kim NK (2005)
Predictive and prognostic impact of epidermal growth
[actor receptor mutation in non-small-cell Jung cances
patients treated with gefitinib. J Clin Oncol 23 2493.
2501
6. Pao W, Miller V, Zakowski M, Deherty J, Politi K,
Sarkaria 1, Singh B, Heelan R, Rusch ¥V, Fulton L.
Mardis E. Kupfer D, Wilson R, Kris M. Varmus H
(2004) EGF receptor gene mutations are common in
lung cancers from “never smokers” and arc associated
with sensitivity of tumors to gefitinib and erlotinib,
Proc Natl Acad Sci U S A 101: 13306-13311
7. Shigematsu H, Lin L, Takshashi T, Nomura M,
Suzuki M, Wistuba 1}, Fong KM, Lee H, Toyooka S.
Shimizu N, Fujisawa T, Feng Z, Roth JA, Herz J,
Minna JD, Gazdar AF (2005) Clinicz] and biological
features associated with epidermal growth factor rece-
ptor gene niations in lung cancers. J Natl Cancer Inst
97 330-346
¢ Kosaka T, Yatebe Y, Endceh H, Kuwano H, Takaha-
shi T, Mitsudomi T (2004) Mutations of the epidermal
growth factor receptor gene in lung cancer: biological
and clinical implications. Cancer Res 64 8919-89232
9. Kimura H, Fujiwara Y, Sone T, Kunitoh H, Tamura
1, Kasahara K, Nishio K (2006) High sensitivity
detection of epidermal growth factor receptor muta-
tions in the plewal effusion of non-small cell lung
cancer patients. Cancer Sci 97 642-648
10, Kimurz H, Kasahara K, Kawaishi M, Kunitoh H,
Tamura T, Holloway B, Nishio K (2006) Detection of
epidermal growth factor receptor mutations in serum as
a predictor of the response fo gefitinib in patients with
non-small-cell lung cancer. Clin Cancer Res 121 3915-
3921
i, Donzecau M, Bauersachs S. Blum H, Reichelt P,
Rohnisch T, Nagel W (2006) Purification of His-tagged
hybrid phage antibody. Anal Biochem 352: 154-156
12 Knappik A. Ge L, Honegger A, Pack P, Fischer M,
Wellnhofer GG, Hoess A, Wolle 1, Pluckthun A, Virpe-
kas B (2000} Fully synthetic human combinatorial
antibody libraries (HuC A L) based on modular consen-

109

sus fremeworhs and CDRs randomized with arinu-
cleotides. J Mol Bio! 296: 57-86

13, Krebe B, Rauchenberger R, Reiffert S. Rothe C,
Tesar M, Thomassen E, Cao M, Drcier T, Fischer D,
Hoss A, Inge L. Knappik A, Marget M, Pack P, Meng
XQ, Schier R, Sohlemann P, Winter J, Wolle J. K retzs-
chmar T {2001) High-throughput gencration and engi-
necring of recombinant human entibodies. } Immunol
Methods 254 67-64

14, Korfee S, Gauler T, Hepp R, Potigen C, Eberhardt
W (2004) New targeted trestments in lung cancer--
overview of clinical (rials. Lung Cancer 45 Suppl 2
§199-208

15, Bell DW, Lynch TJ, Haseilu SM, MHarris PL.
Okimoto RA. Brannigan BW, Sproi DC, Muir B
Riemenschneider MJ, lacons RB, Krebs AD. Johnson
DH, Giaccone G, Herbst RS, Manegold C, Fukucka
M. Kris MG, Baselga J, Ochs JS, Haber DA (2005)
Epidermsl growth facior receptor mutations and pene
amplification in non-small-cell lung cancer : molecula
anzlysis of the IDEAL/INTACT gefitinib wiale. )
Clin Oncol 23: E0R1-8092

16, Druker BJ, Sawyers CL, Kantarjian H, Restz DU,
Reese SF, Ford JM. Capdeville R, Talpaz M (2001)
Activity of a specific inhibitor of the BCUR-ABI
tyrosine kinase in the blast erisis of chronic myeloid
leukemis and acute Jymphoblastic leukemiz with the
Philadclphia chromosome. N Engl J Med 344 : 1038-
1042

17. Kanmtarjian H, Sawyers C, Hochhaus A, Guithot F,
Schiffer C, Gambacorti-Passerini €. Niedeiwieser D,
Resta D. Capdeviile R, Zoellner U, Talpaz M, Diuker
B, Goldman ). OBrien SG, Russell N, Fischer T,
Oumaznn O, Cony-Makhou! P, Facon 7T, Stone R.
Miller C. Tallman M, Brown R, Schuster M, Loughran
T, Gratwohl A, Mandelli F, Saglio G, Lazzarine M.
Russo D, Baccarani M, Morra E (2002) Hemuatologic
end cyiogenetic responses to imalinib mesylate in
chronic myclogenous leuhemiz. N Engl J Med 346
645-652

&, Shepherd FA, Rodrigues Percira J, Cinleanu T, Tan
EH. Hirsh V. Thongprasert S, Campos D, Maolee-
koonpiroj S, Smylie M, Martins R, van Kooten M,
Dediu M, Findlay B, Tu D, Johnsion D, Bezjak A,
Clark G, Santabarbara P, Seymour 1. (2005) Erlotinib
in previously treated non-small-cell lung cancer. N
Engl J Med 353 123-132

19. Takano T, Ohe Y (2005) Erlotinib in lung cancer. N
Engl J Med 353 1739-1741; author veply 1739-174]

20, Brancas MA (2005) BiDil raises questions about race
2s @ marker. Nat Rev Drug Discov 4: 615-616

21, Ho C. Murray N, Laskin J, Melosky B, Anderson H,
Bebb G (2005) Asian cthnicity and adenocarcinoms
histology continuey 10 predict response to gefitinib in
patients treated for advanced non-small cell carcinoma
of the Jung in North America. 1 ung Cancer 491 225
231



ANTICANCER RESEARCH 26: 3761-3766 (2006)

Gefitinib Efficacy Associated with Multiple Expression
of HER Family in Non-small Cell Lung Cancer

MAKOTO NISHIO!, FUMIKO TAGUCHI}, FUMIYOSHI OHYANAGI', ATUSHI HORIKIKE?,
YUICHI ISHIKAWAZ?, YUKITOSHI SATOH!, SAKAE OKUMURA!,
KEN NAKAGAWA! KAZUTO NISHIO? and TAKESHI HORAT!

IThoracic Oncology Center, Cancer Institute Hospital and ?Department of Pathology,
Cancer Institute, Japanese Foundation For Cancer Research, Tokyo;
3Pharmacology Division, National Cancer Center Research Institute, Tokyo, Japan

Abstract. The aim of this study was to compare the relationship
between HER family expression and clinical response to gefitinib.
Patients and Methods: Tissues from thirty-one non-small cell lung
cancer (NSCLC) patients treated with a monotherapy of gefitinib
were analyzed. Expressions of HER family in 31 tumors were
examined by immunohistochemistry. Results: The total expressions
were 21 for EGFR (68%), 24 for HER2 (77%), 17 for HER3
(55%) and 4 for HER4 (13%). Fourteen out of 31 (45%)
demonstrated triple expression of EGFR and HER2, as well as
HER3 or HER4. A significantly better response rate (RR) and time
to progression (TTP) were observed for the group with the triple
expression than for the other groups (RR 50 vs. 11 %; p<0.05,
median TTP 4.29 vs. 1.2 months; p<0.05). Conclusion: Mutliple
expression of the HER family might be related with the clinical
response 1o gefitinib and EGFR mutation status.

The epidermal growth factor receptor (EGFR/HERI) is a
promising target for anticancer therapy. Gefitinib (ZD 1839,
Iressa; AstraZeneca, London, UK) is an orally active, selective
EGFR-tyrosine kinase inhibitor (1), which showed promise ina
recent clinical trial of non-small cell cancer (NSCLC) cases, in
terms of rapid symptom improvements (2-7) and clinically
meaningful benefit in some patients (5, 7). Thus, the selection
of individuals who may demonstrate a response to gefitinib is
important. The degree of EGFR expression seems not to
directly determine the response, although gefitinib is considered
to be a targeted therapy by virtue of its selective inhibition of
EGFR tyrosine kinase (8-10). Recent reports show that specific
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missense and deletion mutations in the tyrosine kinase domain
of the EGFR gene (11-13) are associated with EGFR tyrosine
kinase inhibitor sensitivity. Although these EGFR mutations
can account for almost all objective responses to tyrosine kinase
inhibitors, the clinical benefit observed with these drugs and the
survival benefit cannot be explained only by the presence of
mutations.

The HER family includes the following four distinct
receptors: EGFR, HER2 (ErbB-2), HER3 (ErbB-3) and HER4
(ErbB-4) and recent preclinical studies indicated that gefitinib
causes reduced phosphorylation levels of not only EGFR, but
also of HER2 and HER3 (14), inducing the formation of
inactive EGFR/HER2 and EGFR/HER3 heterodimers (15).
Based on these data, the co-expression profile of HER family
receptors (especially the additional expression of HER2 and
HER3) was hypothesized to play an important role in
determining the efficacy of gefitinib in NSCLC cases. The
relationship between the co-expression status of HER family
members and gefitinib efficacy was evaluated with regard to
response rate (RR), time to progression (TTP) and overall
survival (OS).

Patients and Methods

Between September 2002 and January 2004, 31 advanced or recurrent
NSCLC patients from whom tumor tissues were available, were treated
with 250 mg of gefitinib monotherapy until disease progression at our
institution. The medical records, pathology slides and imaging studies of
these patients were retrospectively reviewed. The study was conducted
after obtaining approval of the appropriate ethical review boards
following recommmendations of the Declaration of Helsinki for biomedical
research involving human subjects.

For all patients, archival paraffin blocks of transbrochial lung biopsy
(TBLB) specimens taken at the time of initial diagnosis (n=14) or tumor
tissue specimens obtained by surgical resection (n=17) were sectioned
for staining with antibodies against EGFR, HER2, HER3 and HER4
using an EGFR pharmDx kit (DAKO), Herceptest (DAKO), anti-HER3
(Chemicon) and anti-HER4 (Chemicon), respectively, with the
Autostainer (DAKO).
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The results of the immunostaining were reviewed by an
experienced pathologist (Y.1.). For HERZ staining, only moderate to
strong cell membrane-specific immunostaining was considered
positive, whereas cytoplamic staining was also taken into account for
the other receptors.

Genetic analysis of the EGFR gene was performed on the 17 frozen
tumor specimens obtained by surgical resection. Genomic DNA was
extracted from 1-2 mm? tumor specimens using REDExtract-N-AmpTM
Tissue PCR Kit (Sigma) and the DNA was purified with a QLAmpDNA
blood mini kit.

Genetic analysis of the EGFR gene was performed by PCR
amplification of exons 18, 19 and 21. The following primers, specifically
designed for this study, were used for PCR amplification: exon
18 (forward, 5-AGGTGACCCTTGTCTCIGTGTTCT-3’; reverse,
3-CACCSGACCATGAGAGGCCCTGCG-S"), exon 19 (forward, 5-GA
TCACTGGGCAGCATGTGGCACC-3; reverse, 3- TGGACCCCCAC
ACAGCAAAGCAAAGCAGA-5), exon 21 (forward, 5-TTCCCATG
ATGATCTGTC-3’; reverse, 3-ATGCTGGCTGACCTAAA -5°). PCR
was performed in a total volume of 20 pL, containing reaction buffer,
1.5 mmol/L MgCl,, 0.2 mmol/L dNTPs, 100 nmol/L each primer,
0.5 units AmpliTaq (Biosystems) and 4 pL genomic DNA. Thermal
cycling conditions included 3 min at 94 °C, followed by 35 cycles of 94°C
for 20 sec, 68°C for 40 sec and 72°C for 3 min.

After completion of the PCR reaction, the products were denatured (5
min at 90°C), immediately cooled on ice and loaded onto a nondenaturing
polyacrylamide gel. The concentration of acrylamide was 1%-14%
gradient. Electrophoresis was carried out for 3 h at 0°C at 72V/cm. The
shifted bands were removed from the gel, and the recovered DNA was
amplified in duplicate and subjected to bidirectional dye-terminator
sequencing using the same primers used for amplification. Sequencing
fragments were detected by capillary electrophoresis. SSCP and sequencing
were performed by Hitachi Hitechnology Co. (Tokyo, Japan).

All 31 patients were evaluated for responses to gefitinib using WHO
criteria (16). TTP and OS were measured from the date of initial gefitinib
treatment to the date of disease progression and to the date of death or
last follow-up examination, respectively, and were estimated using the
Kaplan-Meier method (17).

Since recent clinical studies suggested that females with no smoking
history and an adenocarcinoma were positive predictors for gefitinib
responses (5, 7, 18), these were evaluated as potential prognostic
factors for gefitinib sensitivity. Age, gender, performance status,
histology type, number of prior chemotherapy, prior platinum or
docetaxel use, smoking history and HER family-expression were
analyzed using the Fisher’s exact test and the Students r-test.
Differences in TTP and OS between the two groups were tested using
the log-rank test. All statistical analyses were performed using SPSS
Version 8 statistical software (SPSS, Inc., IL, USA).

Results

Patients characterization. Of the 31 patients, eleven (35%) were
females and 74% of the patients had adenocarcinomas. Eleven
patients (35%) had never smoked (Table I). The median age was
62 years (range, 51 to 77 years). Eight patients (25%) had no
prior chemotherapy and the remainder had received platinum-
based chemotherapy (Table I).

Immunohistochmical staining of HER family in tumors. Total
positive staining included 21 for EGFR (68%), 24 for HER2
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Table 1. Patient characteristics.

Variable No. of patients %
Portial response

yes 9 29

no 22 71
Gender

male 20 65

female 11 35
Age, years

median 62

range 51-77
Smoking history

never 11 35

former/current 20 65
Histology

adenocarcinoma 23 74

non-adenocarcinoma 8 25
Stage

11 5 16

v 12 39

recurrence after surgery 14 45
Performance status

0.1 18 58

>2 13 42
No. of prior chemotherapy regimens

0 8 25

1 14 45

2 7 23

3 2 6
Prior platinum

yes 23 74

no 8 26
Prior docetaxel

yes 7 23

no 24 77
Table 11. EGFR/HER2/HER3/HER4 expression status.
Status No. of patients %
EGFR

negative 10 32

positive 21 68
HER2

negative 7 23

positive 24 77
HER3

negative 14 45

positive 17 55
HER4

negative 27 87

positive 4 13
Co-expesion

no expression of EGFR 10 32

mono-expression of EGFR 4 13

double-expression of EGFR/HER?2 3 10

triple-expression of EGFR/ 14 45

HER2/HER3 or HER4 +
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(77%), 17 for HER3 (55%) and 4 for HER4 (13%) (Table II).
Fourteen out of 31 (45%) samples demonstrated triple expression
of HER family members (13 were positive for EGFR/HER2/
HERS3 and 1 for EGFR/HER2/HER4). Three (10%) double-
expressed EGFR /HER?2, 4 (13%) mono-expressed EGFR and
10 (32%) exhibited no expression of EGFR (Table II).

Clinical response to therapy. The tesponse to treatment was
evaluated in all 31 patients. Nine partial responses (PR; 29%)
were observed. The results of univariate analysis of the
significance of potential prognostic factors for gefitinib sensitivity
using Fisher’s exact test and a t-test for age are provided in Table
II1. An objective response was observed in 6 out of 11 females
and in 3 out of 20 males (p<0.05), 6 out of 11 non-smokers and
3 of 20 current or former smokers (p<0.05), 8 out of 23
adenocarcinoma and 1 out of 8 non-adenocarcinoma (p=0.37)
cases (Table III). ’

No correlation was found between the EGFR-expression
status and gefitinib efficacy. However, there was a significant
difference in the gefitinib response between the group with
triple expression of EGFR/HER2 /HER3 or HER4 and the
remainder (50% vs. 11%, p=0.043) (Table I1I). There was also
a significant difference in TTP between these groups (TTP; 4.3
vs. 1.2 months, p=0.0449, Figure 1A). Median OS time of the
group with triple expression was longer time than that of the
others remainder, but was not significant (15.3 vs. 6.7 months,
p=0.099, Figure 1B).

EGFR mutations. The genomic status of the TK domain of the
EGFR gene was evaluated in 17 frozen primary NSCLC tumor
specimens. Exons 18, 19 and 21 were subjected to mutational
analysis. PCR amplification followed by SSCP analysis was used
since SSCP analysis is more sensitive than direct sequencing (19).
A total of 6 of the shifted bands were found and were directly
sequenced. Four mutations were Jocated in exon 19, 1 in exon 21,
and 1 in exon 18. Of the 6 mutations identified, 4 were in frame
deletions in exon 19, and 2 were aminoacidic substitutions in
exons 21 and 18. The deletions "E746-A750 del”, "L747-5752" and
",747-S752 del, P753S" in exom 19, the leucine to arginine
mutation (L858R) in exon 21 and "E709D, T710del" in exon 18
were found.

EGFR mutations were more frequently found in
adenocarcinomas than non-adenocarcinomas (6 out of 12
adenocarcinomas and 0 out of 5 non-adenocarcinoma;). There
were no obvious differences in EGFR mutation status with
gender or smoking history (3/6 females and 3/11 males; 3/5 non-
smokers and 3/12 current or former smokers). The clinical
responses to gefitinb in 6 cases with EGFR mutations were 3
partial response (PR) and 3 stable disease. No PR was observed
in the 11 cases without EGFR mutations.

In addition, all 6 cases with EGFR mutations showed triple
expression of EGFR/HER2/HER3 or HER4 and no EGFR
mutation was detected in non-triple expression cases; p=0.035.

Table 111. Univariate analysis of features associated with sensitivity 10
genitinib.

Variable Response No response P
(n=9) (n=22)
No. of No. of
patients patients
Gender
male 3 17 0.037
female 6 5
Age, years
median 62 63 0.97
range 53-74 51-77
Histology
adenocarcinoma 8 15 0.37
non-adenocarcinoma 1 7
No. of prior chemotherapy regimens
0 1 7 0.37
>1 8 15
Prior platinum
yes 8 15 0.38
no 1 7
Prior docetaxel
yes 1 6 0.64
no 8 16
Performance status
0.1 5 13 0.99
>2 4 9
Smoking history
never 6 5 0.037
former/current 3 17
HER family expression status
EGFR
negative 1 9
positive 8 13 0.21
HER2
negative 1 6 0.64
positive 8 16
HERS3
negative 3 11 0.46
positive 6 11
HER4
negative 7 20 0.56
positive 2 2
Co-expression of HER family
triple expression of EGFR/ 7 7 0.043
HER2 /HER3 or HER4+
Other 2 15
Discussion

We studied the correlation between HER family expression status
and sensitivity to gefitinib monotherapy in patients with advanced
NSCLC and we showed that sensitivity to gefitinib is related to
the triple expression of EGFR, HER?2 and HER3 or HER4.
Although inhibition of EGFR tyrosine kinase is considered
an essential mode of action of gefitinib, previous studies
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Figure 1. (4) Time to progression (TTP) and triple expression of HER family (EGFR1+/HER2+/HER3+ or [HER4+); (B) Overall survival (OS) and

triple expression of HER family (EGFR+/HER2+/HER3+ or [HER4+).

indicated that expression of EGFR does not itself determine
sensitivity to gefitinib therapy (8-10, 14, 20, 21). We also found
no correlation between the EGFR-expression status and
gefitinib efficacy. However, there was a significant difference
in the gefitinib response between the group with triple
expression of EGFR/HER2/HER3 or HER4 and the
remainder (50% vs. 11%, p=0.0439). There was also
significant difference in TTP between these groups (4.3 vs. 1.2
months, respectively; p=0.0449). The resulis are, thus, in line
with those of several recent studies which indicated that all of
the HER family members are targeted by gefitinib. Preclinical
studies indicate that heterodimer formation is a factor
impacting on sensitivity. Gefitinib causes reduced basal
phosphorylation of EGFR/HER2, EGFR/HER3 and
HER2/HER3 and this might correlate with the antitumor
activity of this agent (14, 15, 22).

Cappuzzo et al. reported no correlation between co-expression
of EGFR and HER2 in NSCLC patients and the results of
treatment with gefitinib with regard to RR, TTP and OS (8).
However, these authors did not evaluate the expressions of
HER3 and HER4, and HER3 positive rate which is relatively
high (>50%) in this study. This might be critical for sensitivity to
gefitinib. In addition, the RR in our study was relatively high
compared with their value (29% vs. 15.9%, respectively) and an
ethnic difference may account for this difference.
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Sensitivity to gefitinib appears to be greatly influenced by the
presence of activating mutations within the kinase domains (11-
13) and the mutations were more frequent in tumors from
Japanese and other East Asian patients (23-25). EGFR gene
mutations in exons 18, 19, 21 were analyzed by SSCP in this study
and a comparable frequency of EGFR mutations was detected by
the SSCP methods in a previous report (6 out of 17 cases; 35%).
EGFR mutations were detected in cases with triple expression of
EGFR/HER?2 /HER3 or HER4, but no mutation was found in
cases without triple expression of HER family receptors.
Although these EGFR mutations can account for almost all
objective responses obtained with gefitinib, the clinical benefits,
such as long stable disease, cannot be explained only by the
presence of mutations.

Recently, Hirata et al. reported that NSCLC cells trasfected
with the HER2 gene (LK2/HER2) were approximately 5-fold
more sensitive to gefitinib than LK2/mock cells and cell survival
and death were dependent on HER2/HERS3 signaling. However,
the sensitivity was about 20-fold lower in the LK2/HER?2 cells
than in the PC9 cells, which harbor in-frame deletion mutation
of EGFR (E746-A750) in exon 19 (22). These results support our
findings that multiple expressions of HER family members may
contribute to gefitinib efficacy and multiple expressions of HER
family members may play more important roles in cases without
EGFR mutations than in case with mutations of this gene.
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This small pilot study is not enough to conclude that triple
expression of HER family members is strong predictive factor for
response to gefitinb. Further large-scale prospective trials are
necessary to confirm these results.
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Clinical aspects of epidermal growth factor receptor inhibitors:
Benefit and risk
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Clinical aspects of epidermal growth factor receptor inhibitors: Benefit and risk

KATO T, NISHIO K. Respirology 20086; 11: 633-698

Abstract: Gefitinib and erlotinib are small molecules that selectively inhibit epidermal growth fac-
tor receptor (EGFR) tyrosine kinase activity. Developmental studies of either drug have failed to show
synergistic effects when combined with cytotoxic drugs as the first line treatment in patients with
advanced non-small cell lung cancer, but etlotinib has shown survival prolongation when compared
with best supportive care in patients with recurrence. Female gender, adenocarcinoma histology and
lack of smoking history are considered to be clinical factors predicting response. Being positive for
EGFR mutations in exons 18-24 in cancer cells has a strong correlation with response. On the other
hand, preceding idiopathic pulmonary fibrosis, male gender and history of smoking appear to be risk
factors for EGFR tyrosine kinase inhibitor-induced interstitial lung disease in the Japanese popula-
tion. Reports on these factors predicting response or risk for interstitial lung disease have attracted
great interest in the relation between cancer genetics and drugs, as well as the relation between
ethnicity and genetics. In clinical practice, EGFR tyrosine kinase inhibitor should be prescribed
with careful consideration and it is essential to assess benefit and risk of the drug.

Key words: interstitial lung disease, lung cancer.

doi: 10.1111/j.1400-1843.2006.00940.x

INTRODUCTION

Lung cancer is the leading cause of cancer-related
death, with 1.18 million deaths worldwide.' Incidence
and mortality rates are increasing because the disease
is very much influenced by past exposure to tobacco
smoking.! Bighty-five per cent of tumours are non-
small cell lung cancer (NSCLC), the others, small cell
lung cancers. More than half of NSCLC patients are
diagnosed at an advanced stage at which mainly
systemic chemotherapy is recommended.

For patients with previously untreated advanced
NSCLC, combination chemotherapy with cisplatin or
carboplatin and third generation agents, such as doc-
etaxel, gemcitabine, irinotecan, paclitaxel or vinorel-
bine, have yielded a response in 30-40% of the
patients, 7-12months of median survival (imes
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(MST) and 30-40% achieved 1-year survival.>* When
these tumours become refractory to the first-line
chemotherapy, docetaxel®” and pemetrexed® are
reportedly effective cytotoxic agents as second-line
treatments, with response rates of about 10%, an 8-
months MST and 30% achieving 1-year survival with
symptom palliation.

In addition to these cytotoxic agents, two molecular
targeting agents have been approved for the treat-
ment of advanced NSCLC, gefitinib and erlotinib.
Both agents are orally active epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKI), small
molecules belonging to the quinazolinamine class,
which inhibit EGFR tyrosine kinase activity by
competing for the ATP-binding domain, thereby
inhibiting cellular proliferation, angiogenesis and
consequently reducing tumour invasion and
metastasis (Fig. 1).

Gefitinib was a first molecular targeting agent

_approved for lung cancer in the world. Because of

ever higher response rates for recurrent disease, gefi-
tinib was made public based on to the results of phase
I1 trials. To date, it has, however, failed to prolong sur-
vival in NSCLC patients, and the problem of intersti-
tial lung disease (ILD), especially in Japan, has also
been recognized. In this review, the current status of
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Figure 1 Epidermal growth factor receptor (EGFR) signal
transduction, its Dbiological consequences and EGFR
tyrosine kinase inhibition (TKI).

the gefitinib and erlotinib will be discussed especially
in terms of benefits and risks in clinical practice.

DEVELOPMENT

Two EGFR-TKIs, gefitinib and erlotinib, have been
developed using similar procedures. Both drugs were
well tolerated and had higher response rates in single
agent phase 1 and phase II studies, but failed to
indicate synergistic effects in phase 11 studies with
combination of cytotoxic agents. Results of single
agent phase III studies for patients with recurrent or
resistant disease differed between the two drugs.
Although erlotinib apparently prolonged survival,
gefitinib did not.

Phase I trials

Four phase [ trials of gefitinib were performed in 252
patients with a variety of solid tumours, including
NSCIC, head and neck cancer and colorectal
cancer.*** Major adverse events were rash and diar-
rhoea. These events were generally mild and tolerable
at doses not exceeding 600 mg/day and 700 mg/day
came to be the maximal tolerated dose (MTD).
Because doses of 150-800 mg/day were associated to
tumour responses, 250 and 500 mg/day were selected
for subsequent phase 11 trials. In the case of erlotinib,
phase I trials identified a dose of 150 mg/day for fur-
ther clinical development. Adverse events were simi-
lar to those of gefitinib and the incidence and severity
of the adverse events generally increased as the dose
increased.

Second-line phase II trials

Among single-agent phase Il studies, one erlotinib
and two gefitinib studies were conducted in patients

© 2006 The Authors 116
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with NSCLC. Two large scale multicentre phase 11 tri-
als of gefitinib were performed; Iressa™ dose evalua-
tion in advanced lung cancer (IDEAL)-1 in Japan,
Burope and Australia,® and IDEAL-2 in North
America." Eligibility criteria of the IDEAL-1 included
having failed only one prior platinum-containing reg-
imen, whereas the IDEAL-2 criteria were to have
failed a platinum-containing regimen and docetaxel.
Patients were randomized to gefitinib 250 or 500 mg/
day. In the IDEAL trials, response rates ranged from 9
to 19% and severe toxicities were relatively uncom-
mon. Treatment related toxicities, that is, diarrhoea,
rash, acne, dry skin, nausea and vomiting, were
slightly more severe and more frequent on 500 mg/
day than on 250 mg/day. Because no additional
response was observed with 500 mg/day, gefitinib at a
dose of 250 mg/day was approved in Japan and the
USA for treatment of advanced NSCLC.

A randomized phase 11 study was also performed
with erlotinib in patients with previously treated
advanced NSCLC.* The study, a comparison with best
supportive care, revealed 150 mg/day of the drug to
produce a 12.3% of objective response rate in patients
with previously treated advanced NSCLC. MST was
8.4 months and the 1-year survival rate was 40% with
no grade 4 toxicity.

First-line combination phase 111 trials

In a preclinical study, EGFR-TKI showed an additive
effect on antitumour activity with no toxicity increase
when combined with cytotoxic agents.’*¥® On the
basis of these data, four randomized trials were con-
ducted with gefitinib; Iressa™ NSCLC trial assessing
combination treatment (INTACT)-1, 2,'%* and with
erlotinib; TALENT# and TRIBUTE,? in chemother-
apy-naive patients with advanced NSCLC to compare
chemotherapy plus EGFR-TKIs to chemotherapy
alone.

In the INTACT-1 and TALENT trials, the chemother-
apy regimen consisted of cisplatin and gemcitabine.
In the INTACT-2 and TRIBUTE trials, the chemother-
apy regimen was carboplatin and paclitaxel. Unfortu-
nately, none of those studies showed any definitive
benefit of adding an EGFR-TKI to standard chemo-
therapy in patients with NSCLC. These trials failed to
support the concept of synergistic preclinical studies
and to show additive or synergistic effects when
combined with platinum-based chemotherapy as a
first-line treatment for NSCLC.

Second-line phase III trials

‘fo investigate the survival benefit of EGFR-TKIs as
single agents, two large scale placebo controlled
phase III trials were conducted as second- or third-
line treatment for the patients with NSCLC. Iressa™
survival evaluation in lung cancer (ISEL) trial was
planned to compare gefitinib with a placebo with
1692 patients.”® Although the results of the study
showed a response in the gefitinib group, there was
no survival prolongation effect with gefitinib. MST

journal compilation © 2006 Asian Pacific Society of Respirology
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was 5.6 months in the gefitinib arm and 5.1 months in
the placebo arm. On the other hand, the BR.21 trial
investigated erlotinib as compared with a placebo.
Results of the trial included 731 patients showing a 8%
of response rate in the erlotinib arm and less than 1%
in the placebo arm. In terms of survival, 2-month pro-
longation of MST was achieved in the erlotinib arm,
6.7 months compared with 4.7 months in the placebo
arm. Based on these data, erlotinib was approved in
the USA and European countries.

Although study results were similar in phase I and
phase Il trials, only erlotinib, not gefitinib, produced a
survival benefit compared with the placebo. The rea-
son for the difference may be explained partly by the
administered dose of gefitinib possibly beinglower. In
a phase I trial of gefitinib, a dose of 250 mg/day was
less toxic and as effective as a dose of 500 mg/day but
the MTD in the trial was 700 mg/day. On the other
hand, a dose of 150 mg of erlotinib is nearly the MTD
in a phase I trial. Another explanation is an issue of
the difference in the response to previous treatment
between participants in two trials. In terms of the best
response, 18% of the patients in the gefitinib group
had responded and 45% had progressed in the ISEL
trial. By contrast, 38% of the patients in the erlotinib
group had responded and 28% had progressed in
BR.21 trial.

EGFR-TKI-INDUCED INTERSTITIAL
LUNG DISEASE

Incidence

Although toxicities, like myelosuppression and vom-
iting, were not dose limiting for patients receiving
gefitinib, a proportion of Japanese patients experi-
enced ILD.>* This type of adverse event has also
been reported from Korea® and Taiwan.” In a large
scale surveillance by the West Japan Thoracic Oncol-
ogy Group (WJTOG), among 1976 patients, 70
patients (3.5%) were identified as having ILD after a
panel review of 102 patients who were suspected by
their physicians, and 31 patients (1.6%) who had died
due to the event.*® Another large scale post marketing
surveillance conducted in Japan, an analysis involv-
ing 3322 patients, found that the incidence of ILD was
5.8%, and mortality due to ILD 2.3%.%* Other smaller
but detailed studies reported similar ratios of 5.4%
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and 4.5% for incidence, 3.6% and 2.4% for mortal-
ity¥% Report of the incidence of ILD in first-line sin-
gle agent treatment is limited. In a phase II study of
chemo-naive patients with advanced NSCLC, 4 of 37
patients (11%) died due to severe ILD?* In this study,
only a CXR was required to exclude preceding inter-
stitial pneumonia or pulmonary fibrosis.

A Korean report indicated two of 65 patients (3%) to
have ILD.* Another study in Taiwan, of patients with
brain metastases reported four of 76 patients (6%) to
have experienced non-lethal 1LD.* Regional differ-
ences seem to exist because relatively higher ratios of
pulmonary involvement have only been reported in
East Asian countries. The incidence of ILD is report-
edly only 1.0-1.1% in the USA or Europe.’*?**% The
ISEL study conducted in both Europe and Asia was
the only study in which a difference in incidence
between ethnicities could be compared directly. East
and South-east Asian patients tend to suffer more ILD
in 3-4% of the patients although the frequency of ILD
in all population was 1%. However, there were no
differences in incidence between patients receiving
gefitinib versus a placebo®

Risk factor

Several Japanese studies have reported risk factors for
ILD. In the WITOG surveillance, the presence of idio-
pathic pulmonary fibrosis (IPF), male gender and his-
tory of smoking were independent predictive factors
for developing ILD.* In other studies, multivariate
analysis revealed that preceding IPE poor perfor-
mance status (PS), smoking history, prior history of
irradiation or chemotherapy were independent risk
factors for ILD 37 In these studies, the most strik-
ing factor was pre-existing IPE with a higher odds
ratio. Factors associated with a poor prognosis have
been analysed. These included a short interval from
initiation of gefitinib treatment to the onset of ILD, an
acute interstitial pneumonia (AIP) pattern on CT, the
presence of preceding IPE, male gender and a poor
P§.3¢-3337(Table 1)

Diagnosis and patterns

Most patients with EGFR-TKI-induced 1LD experi-
enced symptoms such as coughing, increasing

Tablel Factors associated to EGFR-TKI-induced interstitial lung disease
Factors associated to
Risk factors for ILD poor proghosis after ILD

Definitive Preceding IPF
Possible Male gender AlP patterns

History of cigarette sioking Preceding IPF

Poor PS Early onset of ILD

Prior chemotherapy Male gender

Japanese/East Asian ethnicity

Squamous cell carcinoma

AP, acute interstitial pneumonia; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; ILD, interstitial
lung disease; IPE idiopathic pulmonary fibrosis; PS, performance status.

17 © 2006 The Authors
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Table2 Predictive markers for response to EGFR-TKI

T Kato and K Nishio

Molecular

Clinical
Definitive Female gender adenocarcinoma
Lack of smoking history
Japanese/East Asian
Possible Better PS
No preceding IPF

Skin eruption as adverse event

Positive EGFR nuutation

Increased EGFR gene copy number
Positive p-Akt expression
Negative K-ras mutation

EGFR-TK], epidermal growth factor receptor tyrosine kinase inhibitor; IPE idiopathic pulmonary fibrosis; PS, performance

status,

dyspnoea and fever. It is difficult to diagnose ILD and
differentiate it from other respiratory conditions that
produce similar symptoms, such as infections, and
cancer progression. According to the surveillance,
suspicion of ILD by the attending physician was
refuted by an expert panel consisting of pulmonolo-
gists and radiologists in 15.7-31.4% of patients. %%
These findings indicate that a diagnosis of ILD might
not always have been correct in other reports.

As well as other pulmonary infiltrative disease, it
must be emphasized that accurate diagnosis before
the start of the treatment is necessary. When any sign
or symptom or CXR abnormality appears, CT, espe-
cially high-resolution CT (HRCT), is recommended to
diagnose interstitial shadows on the CXR. Screening
for respiratory tract infection is also essential, includ-
ing culture and polymerase chain reaction examina-
tion for pneumocystis carinii and aspergillus, for
example. Transbronchial biopsy or BAL may contrib-
ute to making a correct diagnosis, and may be the key
to the mechanism of EGFR-TKI-induced ILD.

Some reports have tried to classify radiological pat-
terns and clinical course.*»**¢% There seem to be four
patterns. About a half of the ILD patients showed
non-specific ground-glass attenuation on CT or
HRCT without lung volume loss on CXR.%%% This
group and two other small groups, including crypto-
genic organizing pneumonia-like pattern and acute
eosinophilic pneumonia pattern, seemed to correlate
with a fair prognosis or better response to steroid
therapy®® The remaining one third of the patients
showed AlP-like pattern with extensive bilateral
ground-glass attenuation or airspace consolidation
with traction bronchiectasis on CT and Jung volume
loss on CXR. The prognosis of AlP-like pattern
patients were very poor with 75-100% dying early. %
In some patients, the histopathology at autopsy
revealed diffuse alveolar damage.”*”' These findings
may support the EGFR-TKI-induced ILD hypothesis
that EGFR inhibitor suppresses lung injury repair and
results in irreversible alveolar damage.

PROGNOSTIC FACTORS

According to the trials and surveillance of EGFR-TKIs
used as first-line treatments or for refractory cases,
as single agents or combined with other therapies,

© 2006 The Authors
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several factors have been proposed to predict
response, long-term prognosis, or risk for ILD.

In summary, female gender, adenocarcinoma, lack
of smoking history, being Japanese or another East
Asian ethnic group are considered to be clinical
factors predicting response. In addition, better PS
and lack of preceding pulmonary fibrosis and skin
rash while taking the drug could be predictive
factors.?#14309239 (Table 2)

Based on molecular analysis, being positive for
mutations in EGFR exons 18-24, which encode the
kinase domain of the protein, strongly predict
response to EGFR-TK]I, especially in the Asian popu-
lation.*#¢  Other molecular factors include an
increased EGFR gene copy number,”™* p-Akt
expression®® and lack of K-ras mutation,”* but are
still controversial. To clarify whether being positive
for EGFR mutations correlates with better survival,
some prospective studies are now underway.

In addition to these molecular factors associated
with primary response or resistance, a second muta-
tion T790M in exon 20 is reported in acquired
resistance to EGFR-TKL®*

A numbers of research reports and practical expe-
rience from Asian countries support the favourable
‘benefit to risk’ balance of treating NSCLC patients.
However, these results still lack survival advantages,
and there is the problem of ILD, which appears to
limit the use in patients with advanced NSCLC in tak-
ing EGFR-TKIs, even as second- or third-line treat-
ments. It is necessary to assess benefit and risk
individually before prescribing the drug and to give
the patients adequate information to make an
informed decision. Even in East Asian countries, gefi-
tinib should be used only in clinical trials or for well-
assessed patients.

SUMMARY

It remains unclear why gefitinib appears to produce a
greater response in Asian patients than in patients
from the rest of the world. Now, several genetic stud-
ies are starting to provide clarification of the mecha-
nism underlying the differences in response and
adverse events between ethnicities.

The benefits of using EGFR-TKI as the first-line
treatment for NSCLC also remain unclear. There are

Journal compilation © 2006 Asian Pacific Society of Respirology
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