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Table 4. Reports of interstitial lung discase due to docetaxel plus gemcitahine regimen

Rebattu et al. [13] 2001 Phase /11 Docetaxel (60, 75, 85, 100 mg/m®) day 8; gemcitabine 49 3(6.1) 0
(1000 mg/m®), days 1 and 8, every 3 weeks
Kouroussis et al. [25] 2004 Phase 1 Docetaxel (30, 35, 40 mg)‘rnzl. days 1, 8 and 15; 26 6 (23) 2(72n
gemcitabine (700, 800, 900, 1000 mg/m®),
days 1, 8 and 15, every 4 weeks
Matsui et al. [21] 2005 Phase 1/1T Docetaxel (50, 60 mg/m*) day 1 or 8; gemcitabine 59 3(51) 0
(800, 1000 mg/m”), days | and 8, every 3 weeks
Pujor et al. [27) 2005 Phase [T Docetaxel (85 mg/m®) day 8; gemcitabine 155 8(52) 1 (0.6)
(1000 mg/m?), days | and 8, every 3 weeks
Cisplatin (100 mg/m’) day 1; vinorelbine (30 mg/m?), 156 1 (0.6) 0
days 1, 8, 15 and 22, every 4 weeks
Takeda (present study) 2008 Phase 111 Docetaxel (60 mg/m®) day 8; gemcitabine (800 mg/m®), 65 8 (123) 3 (4.6)
days 1 and 8, every 3 weeks
Docetaxel (60 mg/m*) day 1, every 3 weeks 64 0(0) 0
TLD, interstitial lung di TRD, related death,

benefit in patients with recurrent advanced NSCLC. The
development of less toxic and more effective chemotherapeutic
agents, including molecular targeted drugs, is warranted for the
second-line treatment of NSCLC.
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6 | Takeda et al.

Respiratory and Allergic disease (Habikino), Kinki-Chuo Chest
Medical Center (Sakai), Toneyama National Hospital
(Toyonaka), Osaka Prefectural General Hospital (Osaka),
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SRPX2 is overexpressed in gastric cancer and promotes

cellular migration and adhesion
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SRPX2 (Sushi repeat in, X-linked 2) was first
identified as a downstream of the E2A-HLF fusion gene
in t(17;19)-positive leukemia cells and the biol function of
this gene remains unknown. We found that SRPX2 is overex-

pressed in cancer and the expression and clinical features
showed that mRNA expression levels were observed in
patients with unfavorable oulcomes using real-time RT-PCR. The

cellular distribution of SR?‘H protein showed the secretion of
SRPX2 into extracellular ons and its localization in the cyto-
. The iniroduction of SRPXJ gene into HEK293 cells did
not modulate the cellular prniifcrltw: activity but did enhance
the cellular on activity, as shown using migration and
scratch assays, conditioned-medium obtained from SRPX2-
g cells increased the cellular migration activity of a
gastric c:m:er cell line, SNU-16. In addition, SRPX2 protein
remarkabl hanced the cellul dhesion of SNU-16 and H5C-
39mdlnerumllh= ylation levels of focal adhesion ki-
nase (FAK), as shown using western blotting, su ng that
SRPX2 enhances cellular migration and adhesion FAK
signaling. In conclusion, the overexpression of SRPX2 enhances
cellular migration and adhesion in cancer cells. Here, we
report that the biological functions of SRPX2 include cellular
migration and adhesion to cancer cells.
2008 Wiley-Liss, Inc.

Key words: SRPX2; gastric cancer; cellular adhesion; cellular
migration

SRPX2 (Sushi repeat containing protein, X-linked 2) was first
identified as SRPUL (Sushl repeat protein upregulated in leuke-
mia) by Kurosawa ef al.' The E2A-HLF fusion gene causes B-cell
PrECUrsOr acute lym.phnhl.mac l:uk:mm' which is characterized by
an comprising intravascular
coagulation :md hyperca]mmn. one of the target genes of E24-
HLF is SRPX2. Apart from the possible involvement of this gene
in malignant diseases, a disease-causing mutation (p.N3275) in
SRPX2 resulting in a gain-of-glycosylation aberration in the
secreled mutant protein, and the mutation actually leads to rolan-
dic epilepsy with oral and spncl:h dyspraxia and with mental retar-
dation in the French fumly While a second mutation (p.Y72S)
leads to rolandic epilepsy with bilateral perisylvian polymicrogy-
ria in another family.” The involvement of SRPX2 in these disor-
ders suggests an important vole for SRPX2 in the perisylvian
region, Whtch is critical for language and cognitive development.

SRPX2 contains 3 sushi domains and 1 hyaline domain, A sushi
domain, also known as a complement control protein module or a
short nom‘plmcnl-]lk: repeat, contains ~60 amino acids and is
found in functionally diverse p such as regul of the
complement activation fmuly GABA receptor, thyroid peroxi-
dase and selectin family.** Sushi domains are thought to mediate
specific protein-protein or protein—carbohydrate binding and cel-
lular adhesive functions,' A phylogenetic analysis revealed that
SRPX2 belongs to a family of 5 genes: SRPX2, SRPX, SELP
(selectin P precursor), SELE (selectin E precursor) and SVEP/
(selectin-like protein)." SRPX/SRPX1/EXT//DRS has the highest
degree of snmulamy and may be involved in X-linked retinitis
pigmentosa.®’ The selectin family, which is well known for its

@UICC Publication of the International Union Againat Cancer

st corcer o

biological roles m Icukocyte migration, cellular attachment and
rolling, also ¢ sushi and are phylogenetic
similar to SRPX2.

SRPX2 also contains a hyaline (HYR) domain, and this domain
probably comresponds to a new superfamily in the immunoglobulin
fold. The HYR domains are often associated with sushi domains,
and although the function of HYR domains is uncertain, it is
thought to be involved in cellular adhesion.” Thus, accumulating
data on the motifs found in SRPX2 suggest that SRPX2 may be
involved in cellular adhesion.

We previously performed a microarray analysis of paired clini-
cal samples of gastric cancer and noncancerous lesions obtained
from gastric cancer patients” and found that SRPX2 is overex-
pressed in gastric cancer rissue. The present study sought to clarify
the biological function of SRPX2 expression in pastric cancer.

Material and methods
Cell culrure

HEK293 (human embryonic kidney cell line) was maintained in
DMEM medium, and SNU-16, HSC-39, 44As3, HSC-43, HSC-
44, MKN1 and MKN7 (human gastric cancer cell lines) were
maintained in RPMI1640 medium (Sigma, St. Louis, MO) supple-
mented with 10% FBS (GIBCO BRL, Grand Tsland, NY).
HUVEC (human umbilical vein endothelial cells) was maintained
in Humedia-EG2 (KURABQ, Tokyo, Japan) medium with 1%
FBS under the addition of epidermal growth factor and fibroblast
growth factor.

Expression vector construction and viral production

The full-length cDNA fragment encoding human SRPX2 was
obtained from 44As3 cells using RT-PCR and the following pri-
mers: SRPX2-F, CGG GAT CCT CAA GGA TGG CCA GTC
AGC TAA CTC AAA GAG G: SRPX2-R, CCC AAG CTT GGG
CTC GCA TAT GTC CCT TTG CTC CCG ACG CTG GG. The
sequences of the PCR-amplified DNAs were confirmed by
sequencing after cloning into a pCR-Blunt II-TOPO cloning vec-
tor (Invitrogen, Carlsbad, CA). SRPX2 cDNA was fused to a GFP-
comtaining pcDNA3.1 vector (Clomech, Palo Alt, CA). Empty,
GFP and SRPX2-GFP vectors were then transfected into HEK293
cells using FuGENE® transfection reagent (Roche Diagnostics.
Basel, Switzerland). Hygromycin selection (100 pg/mL) was
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SRPX2 AND CELLULAR ADHESION

performed on days 2-8 after transfection, and then the cells were
cultured in normal medium for another |10 days. The vectors and
stable transfectant HEK293 cells were designated as pcDNA-
mock, pcDNA-GFP, pcDNA-SRPX2/GFP, HEK293-pecDNA-
mock, HEK293-pcDNA-GFP and HEK293-pcDNA-SRPX2/GFP.

SRPX2 cDNA in pcDNA3.1 vector was cut out and transferred
into a pQCLIN retroviral vector (BD Biosciences Clontech, San
Diego, CA) together with enhanced green fluorescent protein
(EGFP) following internal ribosome entry site sequence (IRES) 1o
monitor the expression of the inserts indirectly, A pVSV-G vector
(Clontech, Palo Alt, CA) for the constitution of the viral envelope
and the pQCXITX constructs were colransfected into the GP2-293
cells using FUGENES transfection reagent. Briefly, 80% confluent
cells cultured on a 10-cm dish were transfected with 2 pg pVSV-
G plus 6 pg pQCXIX vectors. After 48 hr of transfection, the cul-
ture medium was collected and the viral particles were concen-
trated by centrifugation at 15,000¢ for 3 hr at 4°C. The viral pellet
was then resuspended in fresh RPMI1640 medium. The titer of the
viral vector was calculated by counting the EGFP-positive cells
that were infected by serial dilutions of virus-containing media,
and the multiplicity of infection (MOI) was then determined. The
viral vector and stable viral ransfectant cells in each cell line
were designated as pQCLIN-EGFP, pQCLIN-SRPX2, HEK293-
PQCLIN-EGFP, HEK293-pQCLIN-SRPX2, MEKNI-pQCLIN-
EGFP and MKN1-pQCLIN-SRPX2.

Patients and samples

An analysis of SRPX2 expression levels and clinical features was
performed using data from patients aged 20 to 75 years and with his-
tologically confirmed, Stage 1V gastric cancer. Additional inclusion
criteria included an Eastern Cooperative Oncology Group perform-
ance status of (2. The exclusion criteria included prior chemother-
apy or major surgery. Fifty-seven gastric cancer samples were eval-
uated in this smdy. All the patients received chemotherapy after
registration and endoscopical biopsy. Gastric cancer and noncancer-
ous gastric mucosa samples were evaluated for SRPX2 expression in
the first consecutive 24 patients. This study was approved by the
institutional review board of the National Cancer Center Hospital,
and written informed consent was obtained from all the patients. En-
doscopic biopsy samples were immediately placed in an RNA stabi-
lization solution (Isogen; Nippongene, Tokyo, Japan) and stored at
—80°C. Other biopsy samples obtained from the same location were
reviewed by a pathologist to confirm the presence of tumor cells.
The RNA extraction method and the yuality check protocol have
been previously described,'"

Real-time reverse-iranscription PCR

One microgram of totl RNA from normal tissue purchased
from Clontech and from a cultured cell line was converied to
cDNA using a GeneAmp" RNA-PCR kit (Applied Biosystems,
CA). Real-time PCR was carried out using the Applied Biosys-
tems 7900HT Fast Real-time PCR System (Applied Biosystems)
under the following conditions: 95°C for 6 min, 40 cyeles of 95°C
for 15 sec and 60°C for | min. Glyceraldehyde 3 phosphate dehy-
drogenase (GAPD, NM_002046) was used to normalize the
expression levels in the subsequent quantitative analyses. To
amplify the target genes, the following primers were purchased
from TaKaRa (Yotsukaichi, Japan): SRPX2-FW, ACT GGA TTT
GCG GCA TGT GA; SRPX2-RW, CCA TGT TGA AGT AGG
AGC GAG TGA; GAPD-FW, GCA CCG TCA AGG CTG AGA
AC; GAPD-RW, ATG GTG GTG AAG ACG CCA GT.

Anti-SRPX2 polyclonal antibody

Rabbit antibodies specific for SRPX2 were obtained by immu-
nizing rabbits with SRPX2 peptide (FIDDYLLSNQELTQ)
according to a previously described method,” and IgG was purified
from serum using standard protocols.
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SRPX2-conditioned medium

The media in which subconfiuent HEK293-pQCLIN-EGFP,
HEK293-pQCLIN-SRPX2, MKNI1-pQCLIN-EGFP and MKN|-
pQCLIN-SRPX2 cells were being cultured was replaced with a se-
rum-reduced medium (OFTI-MEM; GIBCO), the cells were cul-
tured for an additional 24 hr and the conditioned-media were col-
lected. The media were filtered using Millex-GS (Millipore, Bed-
ford, MA) and concentrated using the Amicon Ultra (Millipore)
and stored at —80°C. The concentration of the conditioned-
medium was measured using 8 BCA protein assay (Pierce Bio-
technology, Rockford, IL) and equalized. .

Western blot analysis

The antibodies used in this study were anti-GFP (Invitrogen,
Carlsbad, CA), anti-focal adhesion kinase (anti-FAK), anti-p-FAK
(pY397) (BD Biosciences), anti-B-actin (Santa Cruz Biotechnol-
ogy, Sania Cruz, CA) and anti-p-FAK (pYS576/577) (Cell Signal-
ing, Beverly, MA).

A Western blot analysis was performed as described previously
(Ref. 10). In brief, subconfluent cells were washed with cold phos-
phate-buffered saline (PBS) and harvested with Lysis A buffer
containing 1%Triton X-100, 20 mM Tris-HCI (pH 7.0), 5 mM
EDTA, 50 mM sodium chloride, 10 mM sodium pyrophosphate,
50 mM sodium fluoride, | mM sodium orthovanadate and a prote-
ase inhibitor mix, complet:m (Roche Diagnostics). Whale-cell
Iysates and culture medium were separated using a 2-15% gradi-
ent SDS-PAGE and blotted onto a polyvinylidene fluoride mem-
brane. After blocking with 3% bovine serum albumin in a TBS
buffer (pH 8.0) with 0.1% Tween-20, the membrane was probed
with primary antibody. After rinsing twice with TBS buffer, the

brane was incubated with horseradish peroxidase-conjugated
secondary antibody (Cell Signaling) and washed followed by visu-
alization using an ECL detection system (Amersham) and LAS-
3000 (Fujifilm, Tokyo, Japan). The data were quantified by auto-
mated densitometry using Multigauge Ver 3.0 (Fujifilm).The
experiment was performed in triplicate,

Cellular growth assay

HEK293 transtectant cells were incubuted on 96-well plates at a
density of 2000/well with 180 pL of culture medium at 37°C in 5%
CO.. After 24, 48 or 72 hr of incubation, 20 pL of MTT [3-(4,5-
dimethyl-thiazoyl-2-y1)2 5-diphenyltetrazolium bromide] solution
(SIGMA) was added and the cultures were incubated for 4 hr at
37°C, After centrifugation, the culture medium was discarded and
the wells were filled with DMSO. The absorbance of the cultures at
562 nm was measured using VERSAmax (Japan Molecular Devi-
ces, Tokyo, Japan). The experiment was performed in triplicate.

Cellular adhesion assay

EGFP-conditioned or SRPX2-conditioned media obtained from
HEK293-pQCLIN-EGFP, HEK293-pQCLIN-SRPX2, MKNI-
pQCLIN-EGFP or MKNI-pQCLIN-SRPX2 cells were adjusted to
a concentration of 1 mg/mL and 50 pL were incubated at 4°C
overnight on 96-well plates. The conditioned media were aspi-
rated, and the wells were washed twice with PBS. The plates were
then used in an adhesion assay as conditioned medium-coated 96-
well plates. The cells to be analyzed were added to the wells of
conditioned medium-coated plates (2 X 10* cells /well) and incu-
bated at 37°C for | hr, When treated with FAK inhibitors (PP2
and Herbimycin A: Calbiochem, San Diego, CA), the cells to be
analyzed were incubated for 4 hr. The wells were then washed
twice with PBS to remove nc cells. Adt cells were
cvaluated using the MTT assay as described above, The average
0.D. values of 3 wells were used for a single experiment, and the
experiment was performed in triplicate.

Migration assay and chemotaxis assay

Migration assays were performed using the Boyden-chamber
methods and polycarbonate membranes with an 8-pm pore size
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Fiaure 1 - Tissue distribution
of SRPX2 mRNA expression. The
mRNA  expression  levels of
SRPX2 were determined using a
real-time RT-PCR analysis in (a)
human normal rtissue, (B) 30
human cancer cell lines, HEK293

(chemotaxicell; KURABO). The membranes were coated with fibro-
nectin on the outer side und dried for 2 hr at room temperature, The
cells to be analyzed (2 X 10%/well) were then seeded onto the upper
chambers with 200 pL of migrating medium (DMEM containing
0.5% FBS), and the upper chambers were placed imo the lower
chambers of 24-well culture dishes containing 600 ul. of DMEM
containing 10% FBS. After incubation for § hr at 37°C, the media in
the upper chambers were aspirated and the nonmigrated cells on the
inper sides of the membranes were removed using a cotton swab.
The cells that had migrated to the outer side of the membranes were
fixed with 4% paraformaldehyde for 10 min and stained with 0.1%
crystal violet for 15 min, then counted using a light microscope. The
experiment was performed in triplicate.

The chemotaxis assays were performed using SNU-16 cells. A
total of 1 % 10° cells were seeded onto the upper chambers with
200 ulL. of RPMI containing 0.5% FBS. The final concentration at
100 pg/mL of EGFP-conditioned or SRPX2-conditioned medium
was added to the 600 uL volume of RPMI1640 containing 0.5%
FBS medium in the lower chamber of the 24-well culture dishes.
The cells were then incubated for 24 hr at 37°C with 5% CO;. The
number of migrated cells was evaluated as described earlier. The
experiment was performed in trniplicate.

Wound healing assay

HEK293-pQCLIN-EGFP and HEK293-pQCLIN-SRPX2 cells
were plated onto 3.5-cm dishes and incubated in DMEM contain-
ing 10% FBS until they reached confluence. Wounds were intro-
duced to the confluent cell monolayer using a plastic pipette tip.

[] Non-cancerous gastric mucesa
B Gastric Cancer

2 3 45 6 7 8 9101121314165 1617 1819 2021 22 23 24
Patients No.

and HUVEC cell lines and (c)
paired clinical samples that were
endoscopically obtained from gas-
tric cancer and the noncancerous
gastric mucosa of the same
patients, GAPD was used to nor-
malize the expression levels in the
subscquent guantitative analyses.
The mRNA expression levels of
SRPX2 were significantly higher in
the gastric cuncer lesions (p =
0.0004). Error bars represent the
SDs of 3 independent experiments.
[Color figure can be viewed in the
online issue, which is available at
www.interscience. wiley.com.]

The cells were then culiured with DMEM containing 10% FBS at
37°C. After 4, B and 12 hr later, the wound area was photographed
using a light microscope and measured. The experiment was per-
formed in triplicate.

Fluorescent microscopy

HEK293-pcDNA-GFP and HEK293-pcDNA-SRPX2/GFP cells
were treated with DAFI (6-diamidino-2-phenylindole) to stain the
nucleus and photographed using fluorescent microscopy, TX71
(Olympus, Tokyo, Japan).

Statistics

The ¢ test was used for comparison between 2 groups and paired
1 test was used for paired-samples in Figure lc. The statistical
analysis was performed using Excel software (Microsoft, Red-
mond, WA). A p value < 0.05 was considered sigmficant.

Results
Tissue distribution af SRPX2 mRNA in normal
tissues and cell lines

To examine the tissue distribution of SRPX2 mRNA, we per-
formed real-time RT-PCR for 24 normal human rissues. High
expression levels of SRPX2 mRNA were detected in the placenta,
lung, trachea, uterus and adrenal gland, whereas the levels in the
peripheral blood, brain and bone marrow were relatively low (Fig.
la). Combined with data from previous reports,' > SRPY2 mRNA



appears 1o be widely observed in normal tissues, with particularly
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high levels detected in the placenta and lung.

SRPX2 expression was also examined in 30 human cancer cell
lines, HUVEC and HEK293 cells. A relatively high SRPX2

TABLE 1 - SRPX? EXPRESSION AND PATIENT CHARACTERISTICS IN
PATIENTS WITH GASTRIC CANCER

F"l‘l‘ﬂl‘b JRPX“
Characteristics No, (%) Expiression p value
(107 AGAPD)
Age, years
=60 31(54) 126125 0.10
<60 26(46) 111 =9
Sex
Male 41 (72) 11.1%£91 n.61
Female 16(28) 126% 125
Hislnlngy'
Diff. 22039 113279 077
UndifT, 32(56) 122+ 11.7
Prognosis™
Favorable (=6 months) 37(65) 95=72 <0.05
Unfavorable (<6 months) 20 (35) 15.1 = 13.5
Total 57

! Histology of endos

copic samples divided into differentiated and
undifferentiated type.~“Overall survival time from the first day of
chemotherapy. A survival time of 6 months was used as the cut-off to

divide patients into “Favorable™ and “Unfavorable™ groups.

E=——=

220 4 - =

- < d:

IB: GFP sod = - st

B0 = -

50+ = -

A~ - -

0] * - . 4
pcDNA-mock A T
pcDNA-GFP = ®ow =i -

PcDNA-SRPX2/GFP - - + - - +

FiGURe 2 — Cellular distribution of SRPX2-GFP fusion protein. To examine the cellular distribution of SRPX2, we created cell lines express-
ing 4 fusion protein of SRPX2-GFP. The empty vector, GFP and SRPX2-GFP vectors were transfected into HEK293 cells using FuGENER

transfection reagent. The vectors and stable transfectant ce
SRPX2/GFP, HEK293-pcDNA-mock, HEK293-pc
peDNA-GFP (upper panel) and pcDNA-SRPX2/G
tion. The nucleus was stained by DAPI (blue),
HEK293-pcDNA-mock, HEK293-pcDNA-GFP
detected the SRPX2-GFP fusion protein at

medium

mRNA expression level was observed in gastric cancer (44As3,
MEKN7 and SNU-16), colorectal cancer (WiDr and COCM-1 ),
lung cancer (PC-9), mesotheliomu (MSTO), glioma (U251} and
HUVEC. These results suggest that a variety of cancer and vascu-
lar endothelial cells express SRPX2 (Fig. 1h).

Overexpression of SRPX2 mRNA in gastric cancer tissues

The expression of SRPX2 mRNA was analyzed for paired tis-
sues of gastric cancer and noncancerous gastric mucosa obtained
from 24 gastric cancer patients. A paired / test demonstrated that
SRPX2 expression was significantly increased (p = 0.0004) in the
cancerous fissues, compared to the noncancerous gastric mucosa
(Fig. 1c). The SRPX2 mRNA expression levels in the gastric can-
cer and noncancerous gastric mucosa were 6.6 = 54 and 1.8 +
1.2 (X 10™*/GAPD), respectively. Although the reason is unclear,
2 groups seemed to be present: | group with very high expression
levels in cancerous tissues and another group with no difference in
the expression levels between cancerous and noncancerous
lesions,

To clarify the clinical significance of SRPX2 expression, we
examined the expression in an additional 57 gastric cancer sam-
ples using real-time RT-PCR and analyzed the corrclations
between SRPX2 expression and clinical characteristics (Table T).
Age, sex and histological cancer type were not correlated with
SRPX2 expression. However, patients with an unfavorable out-
come, in whom the overall survival time (OS) was less than 6
months, exhibited significantly high expression levels of SRPX2 in

HEK293
o2}  Lysates CM

220~ e !

T I iizii

IB: SRPX2 ':: ; = __i

on e

wl{® !

04 ® <@
pcDNA-mock * -~ % ==
* e o P oa

PcDNA-GFP -
PCDNA-SRPX2/GFP - - + - - +

lls in the HEK293 cells were designated as pcDNA-mock. pcDNA-GFP, pcDNA-
DNA-GFP and HEK293-pcDNA-SRPX2/GFP, (a) Fluorescence microscopy of
FF cells (lower panel). The SRPX2/GFP fusion protein (green) showed a c{:uplmic distribu-
Western blot analysis detected by () anti-G

and HEK293- pcDNA-SRPX2/GFP cells, Both the anti-GFP and the anti-SRPX? antibodies
~80 kDa in the cell lysate and the secreted form at 150180 kDa. IB, immunablot: CM, culture

K293-

antibody and (c) anti-SRPX2 antibody for
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Celis ] Field

EGFP and SRPX2 were
K293 cells, were desig-

th was examined using an MTT assay. No dif-
TN-SRPX2 cells, (b) Migration assay. Cells (2 %

duced medium ('DMEM wl!h 0.5% FBS). The upper chambers, with fibronectin
coated on the outer side of the membrane, were Ihgn p]m:cd in the lower chambers of a 24.well| culmre

Afier incubation for B hr at 37°C, mediom was d and the

igrated cells on the inner side of o

Elnte containing DMEM with 10% FBS.
e membrane were removed using a cot-

ton swab. The migrated cells on the outer side of the membrane were fixed, stained and counted using a light microscope. The experiment was

performed in triplicate. The left panels show representative data. (¢) Wound healing assay for HEK293-pQULIN-EGFP and HEK293-pQCLIN-
SR.PXZ cells. Wounds were introduced to the confluent cell monolayer using a plastic pipette tip. After 4, 8 and 12 hr, the wound area was pho-
tographed und measured. The lower panels show representative data. The experiment was performed in triplicate. *: p < 0.05. EGFP, enhanced

green fluorescent pl'l'lltll’l

cancerous tissues (p < 0.05). The SRPX2 expression levels in
patients with an unfavorable outcome (OS < 6 months) and in
those with a favorable outcome (OS > 6 months) were 9.5 = 7.2
and 15.1 = 135 (X10™YGAPD), respectively. This result sug-
gests that SRPX2 might be a prognostic biomarker, that is, associ-
uted with a malignant phenotype in gasiric cancer.

SRPX2 is secreted into culture medium and
localized in cytoplasm

Because the cellular distribution of an uncharacterized protein
often suggest its biological function (e.g.. transcription factors
tend to be localized in the nucleus), we tried to identify the cellu-
lar distribution of SRPX2 using a SRPX2-GFP fusion protein. We
introduced un empty vector, GFP, or SRPX2 fused with GFP into
HEK293 cells 1o create the following stable cell lines: HEK293-
pcDNA-mock, HEK293-pcDNA-GFP and HEK293- pcDNA-
SRPX2/GFP, respectively, The SRPX2-GFP fusion protein exhib-
ited a cytoplasmic distribution (Fig. 2a). The protein expression of
SRPX2 was then unalyzed using westem blotting and both anti-
GFP and ami-SRPX2 antibodies (Figs. 2b and 2c). Western blot-

ting with anti-GFP antibody revealed that an SRPX2-GFP fusion
protein with a molecular weight (M.W.) of ~80 kDa was detected
in both the cell lysates and the culture medium. A similar result
was observed using anti-SRPX2 antibody. In addition, an SRPX2/
GFP protein with a molecular weight of 150-180 kDa was
observed in the culture medium when analyzed using both anti-
GFP and anti-SRPX2 antibodies. The SRPX2 protein was detected
as 2 bands with molecular weights of ~80 kDa and 150-180 kDa
(containing a GFP protein of 30 kDa). The band was consisient
with the estimated molecular weight of SRPX2, 53 kDa. The
higher band was only observed in the culure medium and was
detected using both anti-GFP and anti-SRPX2 antibodies.

SRPX2-introduced cells enhanced cellular nigration
but not cellular growth

To elucidate the biological function of SRPX2, EGFP or
SRPX2 was retrovirally introduced into HEK293 cells. The stable
cell lines were designated as HEK293-pQCLIN-EGFP and
HEK293-pQCLIN-SRPX2, respectively. We then performed cel-
lular growth assays using these cells (Fig. 3a). No difference in
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FIGURE 4 — SRPX2-conditioned medium enhanced cellular migration. (@) Western blotting for conditioned med brai
cell lines, HEK293-pQCLIN-EGFP, HEK293-pQCLIN-SRPX2, MEN1-pQCLIN
conditioned medium was adjusted to 1 mg/mL and diluted before use. Further details are described in the
immunoblotting; HEK293-CM-EGFP, conditioned medium from HEK2
from HEK293-pQCLIN-SRPX2 cells; MKNI-CM-EGFP, conditioned m
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“Material and methods"” section. IB,
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-EGFP and MKN|1-pQC!

edinm from MKN1-pQCLIN-EGFP cells; MKN1-CM-SRPX2, condi-

tioned medium from MKNI1-pQCLIN-SRPX2 cells. The role of SRPX2 in cellular migration was ussessed in the gastric cancer cell line, SNU-
16, using u migration assay and EGFP- or SR.PXZ-c?ndil:oned medium from () HEK293-pQCLIN-EGFP or -SRPX2 cells and from (c) MKNI-

pQCLIN-EGFP or -SRPX2 cells, A total of | X 10
FBS. The final concentration of 100

SNU-16 cells were seeded into the upper chambers with 200 ML of RPMI containing 0.5%
pg/mL of EGFP-conditioned or SRPX2-conditioned medium was udded 1o the 600 pl. volume of the

RPMI1640 containing 0.5% FBS medium in the lower chamber of the 24-well culture dish. The cells were incubated for 24 r at 375C. The
number of migrated cells was evaluated as described earlier. The experiment was performed in triplicate. Representative data is shown in the
right panels, The SRPX2-conditioned medium signiﬁcamly enhanced cellular motility (p < 0.05) by about 2-fold, compared to the EGFP-condi-

tioned medium. Data are shown as the mean + §

cellular growth was seen between the cells, indicating that SRPX2
is not involved in cellular growth in HEK293 cells.

We next performed a migration assay to assess the role of
SRPX2 in cellular motility. The cellular migration activity of the
HEK293-pQCLIN-SRPX2 cells was significantly enhanced, com-
pared to the EGFP transfectant cells (p = 0.03, Fig. 3b), A wound
healing assay also demonstrated that the cellular motility of
HEK293-pQCLIN-SRPX2 cells was significantly enhanced, com-
pared to that of EGFP transfectant cells, at 8 and 12 hr after wound
infliction (p < 0.05, Fig. 3c). Although the actual difference in the
wound healing assay result was relatively small, these results indi-
cate that SRPX2 is involved in cellular motility.

SRPX2-conditioned medium enhanced cellular mrigration

EGFP or SRPX2 was also introduced into a gastric cancer cell
line, MKNI, and the SRPX2-conditioned media obtained from
MKN1 and HEK293 cells were subjected 1o a migration assay.
The transfecied cells mainly produced the secreted type of SRPX2
protein with the higher molecular weight, us detected using west-
em blot analysis. The SRPX2 proteins produced by MKN1 and

of 3 independent experiments. *: p < 0,05,

HEK293 cells were observed at ~95 kDa and 110-150 kDa,
respectively (Fig. 4a). This difference in molecular weight might
be due to glycosylation.

The role of the secreted SRPX2 protein in the conditioned me-
dium on cellular migration was assessed to SNU-16 cells using a
migration assay. SNU-16 cells were incubated for 24 hr in a nor-
mal culture medium containing 100 pg/ml of EGFP- or SRPX2-
conditioned medium from HEK293-pQCLIN-EGFP or -SRPX2
cells added to the lower chamber of the 24-well culture dish. The
SRPX2-conditioned medium significantly enhanced the cellular
motility of the SNU-16 cells (p < 0.05) by about 2-fold higher
than that of the EGFP-conditioned medium (Fig. 4b). Similar
results were observed using conditioned medium from MKNI-
pQCLIN-EGFP or -SRPX2 cells (Fig. 4¢). This resull indicates
that the secreted SRPX2 protein increased cellular motility in gas-
tric cancer cells.

SRPX2 protein promoted cellular attachment

We exumined the cellular adhesion potential of 7 gastric cancer
cell lines cultured on EGFP- and SRPX2-conditioned medium-
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Ficure § — SRPX2 protein enhanced cellular attachment. EGFP-conditioned or SRPX2 ditioned mediom was 4 to a con i
of | mg/mL and 50 L was placed at 4°C overnight on 96-well plates, The conditioned medium was aspirated, and the wells were washed twice
with phosphate-buffered saline (PBS). The plates were used in the .udhesmn assay as conditioned medium-coated 96-well plates. The cells to be
analyzed (2 % 10° cells /well) were seeded into the wells of conditioned medium-coate d plates and incubated at 37°C for | hr. The wells were
then washed twice with PBS to remove nonadherent cells. The adhen:nl cells wv:rr evaluated using an MTT assay. (@) A cellular adhesion assay
was performed using 7 gastric cancer cell lines and condi coated plates. The numbers of adhered NU-16 and HSC-39 cells were
significantly larger with the SRPX2-conditioned medium comed-plates (p < 0.05). (b) A cellular adhesion assay was also performed using con-
ditioned medium-coated plates obtained from MKN 1-pQCLIN-EGFP and MKN -pQCLIN-SRPX2 cells. The numbers of adhered SNU-16 and
HSC-39 cells, but not 44As3 cells, were significantly larger. () A cellular adhesion assay was performed using different concentrations of con-
ditioned medium-coated plates. The 6-well-plate-scale data is shown in the left panel. (d) Cellular ndhesmn assay fnr nm:-:nursc mlym
Larger numbers of anached SNU-16 and HSC-39 cells were observed from 0.5 to 4 hr, The increa d by the
SRPX2 protein emerged after o relatively short time (0.5 hr), The experiment was performed in triplicate. CM EGFP, conditioned medium from

HEK293-pQCLIN

online issue, which is available at www interscience. wiley.com.]

coated plates, Five of the gastric cancer cell lines did not increase
cellular attachment to the conditioned medium-coated plate. How-
ever, the numbers of attached SNU-16 and HSC-39 cells were sig-
nificantly increased by more than 2-fold by the p ¢ of

-EGFP cells; CM-SRPX2, conditioned medium from HEK293-pQCLIN-SRPX2 cells. [Color figure can be viewed in the

a short time (0.5 hr) to 4 hr after the stant of incubation (Fig. 5d).
Microscopic examination revealed that most of the adhered cells
did not exhlbu cell spreading” and instead resembled “cellular
" These results demonstrate that SRPX2 is involved in

SRPX2 protein (p < 0.05, Fig. 5a).

To exclude nonspecific effects, cellular adhesion assays were
also performed using conditioned medium-coated plates obtained
from MENI-pQCLIN-EGFP and MKNI-pQCLIN-SRPX2 cells
(Fig. 5b). The SNU-16 and HSC-39 cells, but not the 44As3 cells,
also exhibited a significantly larger number of adhered cells in the
presence of SRPX2 protein obtained from the conditioned-me-
dium of MEN]I cells. Cellular adhesion in these 3 cell lines was
examined using 4 different concentrations of conditioned me-
dium-coated plates. Similar results were obtained, and a dose-
response effect for the conditioned medium was observed in SNU-
16 cells (Fig. 5¢). Time-course experiments revealed that a larger
number of attached SNU-16 and HSC-39 cells were observed after

cellular attachment in SNU-16 and HSC-39 cells.

SRPX2 protein increased phosphorylation levels of FAK

FAK plays a key role in cellular adhmon. and FAK signaling is
considered to be a major pathway.'' To gain insight into the func-
tion of SRPX2, the phosphorylation levels of FAK in SNU-16
cells were examined after culturing in a medium to which SRPX2-
conditioned medium had been added. Increased phosphorylation
levels of FAK (pY397 and pY376/577) were observed in SNU-16
cells in the presence of SRPX2, compared to EGFP, after 1-12 hr
of culture (Fig. 6a). FAK phosphorylation occurred during an
early stage (| hr) and was consistent with the results for cellular
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FiGuRe 6 — SRPX2 protein increased the phosphorylation levels of FAK. The SNU-16 cells were cultured in RPMI with 0.5% FBS under the
presence of GFP or SRPX2-conditioned medium at a final concentration of 100 jig fmL. The cells were collected at 1, 4 and 12 hr afler incuba-
tion. Ten micrograms of cell lysate were subjecied 1o western blotting using anti-phospho-FAK (pY397 and pY576/577). anti-FAK and anti-B-

actin antibodies. A western blot was performed for (a) SNU-16
conditioned medium from HEK293-pQCLIN-EGFP cells: CM-SRPX2,
target molecules. The numerical densi ical data of phosy
with FAK inhibitors (PP2: final concentrations | or 10 uM and

cells, and (h) HSC-39 and 44As3 cells. FAK. focal adhesion kinase; CM-EGFP,
conditioned medium from HEK293-pQCLIN-SRPX2 cells. Arrowheads:
ho-FAK (pY397) is shown above the western blot. () SNU-16 cells were tremed
Herbimycin A; final concentrations | or
to assess SRPX2-mediated attachment, Both PP2 and Herbimycin A inhibi

10 pg/mL) in a cellular adhesion assay
i cellular attach

of SNU-16 cells in dose-dependent manners.

[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com. ]

attachment. FAK phosphorylation by SRPX2 was also stimulated
in HSC-39 cells but not in 44As3 cells (Fig. 6b). In addition, to
determine whether FAK inhibitors could affect the SPRX2-medi-
ated cellular attachment, the SNU-16 cells were treated with
PP2'* and Herbimycin A'* to inhibit FAK activity in cellular ad-
hesion assay (Fig. 6¢). PP2 and Herbimycin A inhibited cellular
attachment of SNU-16 cells in dose-dependent manners,

Although the molecules that ransduce the extracellular SRPX2
signal into an intracellular signal remain unknown, these resulis
suggest that the cellular phenotype caused by SRPX2 is associated
with the FAK signaling pathway.

Discussion

Considering the structurul features of SRPX2, the presence of
both the sushi-i cpeat domain and the HYR domains predict an ad-
hesive function.** We demonstrated that SRPX2 enhanced cellular
motility and cellular attachment, and these findings were consisi-
ent with the structural prediction.

The selectin family is the closest family to SRPX2 and SRPX
Selectins are known as cellular adhesion molecules and play key
roles in the mediation of early neutrophil rolling on and adherence
to endothelial cells."* Selectins recognize glycosylated proteins or
lipids as their ligands, and this modification is necessary for their
interaction.'* The phylogenetical similarity berween SRPX2 and
selectins suggests a similar biological function. SNU-16 and HSC-
39 cells are basically nonadherent, and the increase in their cellu-
lar artachment was a relatively rapid response (0.5 hr). While
number of attached cells increased significantly, the attachment

were weak and the cells did not spread on the plates. Thus, the
increased cellular atachment induced by SRPX2 seems to resem-
ble neutrophil rolling.

Becuuse the DGEA motif is u p integrin-binding motif'®
and this motif exists in the first sushi domain of SRPX2, we
hypothesized that this motif is a critical binding site for SRPX2's
ability to enhance cellular migration and attachment. We exam-
ined the inhibitory effect of the DGEA peptide'® on cell migration
and attachment, but no inhibitory effect was observed (datu not
shown). This result suggests that the cell migration and attachment
induced by SRPX2 might be independent of DGEA sequence-
mediated signal transduction, or such a sequon does not function
in SRPX2,

FAK is a major focal adhesion-associated protein that transmits
signals downstream of integrins. FAK signals control important
biological events, including cell migration, proliferation and
survival, through downstream molecules Tike Rho, Rac, Rapl,
CDC42 and PAK.'"'"'" Our results demonstrated that SRPX2
protein increased the phosphorylation levels of FAK in SNU-16
and HSC-39 cells, but not in 44As3 cells (Figs. 6a and 6b), and
enhanced the cellular adhesive potential in SNU-16 and HSC-39
cells but not in 5 other cell lines (Fig. 5a). We speculate that cer-
tain molecules overexpressed in SNU-16 and HSC-39 cells may
localize on the cell surface and bind to SRPX2 protein, activating
FAK signaling. Recently, Royer-Z et al'? d ated
the interaction of SRPX2 with uPAR (plasminogen activator, uro-
kinase receptor) as well as with other partners such as cathepsin B.
Because uPAR partucularly plays an important and well-known
role in various tumoral processes including cell proliferation,
migration, invasion and adhesion, and because uPAR-associated
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intracellular signaling may act through FAK. The SRPX2/uPAR
interaction might provide a possible molecular explanation for the
role of SRPX2 in cancer.

Regarding the higher fuzzy smeared-band observed in only the
culture medium (Figs. 2b, 2¢ and 44), the size of the bands dif-
fered considerably between HEK293 and MKN1 cells (110-150
kDa and ~95 kDa, respectively). These results suggest that the
higher smeared bands are probably not dimmers, but they may
represent a highly glycosylated protein modification. We tried to
cut off the N-glycans using N-glycosidase F, but the 150-kDa
smeared band did not disappear. We plan to perform additional
experiments to clarify the cause of the smeared band in future
studies, the results of which will undoubtedly be useful in predict-
ing the function of SRPX2.

Many studies have indicated that selectins, the family most sim-
ilar to SRPX and SRPX2 proteins, increase the interaction
between tumor cells and endothelial cells, leading to tumor pro-
gression and metastasis.”*! Thus selectins are considered proma-
lignancy factors.” Recent regorts have shown that selectins posi-
tively promote angiogenesis. Because HUVEC cells express
high levels of SRPX2 mRNA, the involvement of SRPX2 in angio-
genesis should be clarified,

Although the meaning of SRPX2 overexpression in gastric can-
cer is unclear, a real-time RT-PCR asnalysis of clinical samples
showed that SRPX2 expression is associated with a poor prognosis
in patients with gastric cancer. SRPX2 was first identified as a
downstream molecule of E2F-HLF in pro-B acute leukemia with
1(17;19) (g23;p13) and has since been reported to contribute to
malignant phenotypes.! E2F-HLF-positive leukemia is character-
ized by a outcome with bone invasion, hypercalcemia and
intravascular coagulation.” The clinical features of leukemia and
our results for gastric cancer suggest that the biological function
of SRPX2 is concerned with oncogenic activity. Further investiga-
tions of clinical outcome in relation to SRPX2 expression are

In conclusion, we found that SRPX2 is ovmpmued in gastric
cancer and plays roles in cellul and ion in cancer
cells. These results provide novel mslght into the biological func-
tion of SRPX2 in cancer cells.
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Rationale: Interstitial lung disease (ILD) occurs in Japanese patients
with non—small cell lung cancer (NSCLC) receiving gefitinib.
Objectives: To elucidate risk factors for ILD in Japanese patients with
NSCLC during treatment with gefitinib or chemotherapy.

Methods: In a prospective epidemiologic cohort, 3,166 |apanese
patients with advanced/recurrent NSCLC were followed for 12 weeks
on 250 mg gefitinib (n = 1,872 treatment periods) or herapy
(n = 2,551). Patients who developed acute ILD (n = 122) and
randomly selected control subjects (n = 574) entered a case-control
study. Adjusted incidence rate ratios were estimated from case-
control data by odds ratios (ORs) with 95% confidence intervals
(Cls) using logistic regression. Crude (ohserved) incidence rates and
risks were calculated from cohort data.

Measurements and Main Results: The observed (unadjusted) incidence
rate over 12 weeks was 2.8 (95% Cl, 2.3-3.3) per 1,000 person-weeks,
4.5 (3.5-5.4) for gefitinib versus 1.7 (1.2-2.2) for chemotherapy; the
corresponding observed naive cumulative incidence rates at the end
of 12-week follow-up were 4.0% (3.0-5.1%) and 2.1% (1.5-2.9%),
respectively. Adjusted for imbalances in risk factors between treat-
ments, the overall OR for gefitinib versus chemotherapy was 3.2 (1.9~
5.4), elevated chiefly during the first 4 weeks (3.8[1.9-7.7]). Other ILD
risk factors in both groups induded the following: older age, poor
World Health Organization performance status, smoking, recent
NSCLC diagnosis, reduced normal lung on computed tomography
scan, preexisting chronic ILD, concurrent cardiac disease., ILD-related
deaths in patients with ILD were 31.6% (gefitinib) versus 27.9%
(chemotherapy); adjusted OR, 1.05 (95% CI, 0.3-3.2).

Conclusions: ILD was relatively c in these Jap patients
with NSCLC during therapy with gefitinib or chemotherapy, being
higher in the older, smoking patient with preexisting ILD or poor
performance status. The risk of developing ILD was higher with
gefitinib than chemotherapy, mainly in the first 4 weeks.

Keywords: non-small cell lung cancer; interstitial lung disease; japa-
nese patients; gefitinib, chemotherapy
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AT A GLANCE COMMENTARY

Acute interstitial lung disease (ILD) occurs in Japanese
patients with non-small cell lung cancer (NSCLC) receiv-
ing gefitinib. There is, however, limited knowledge about
risk factors for ILD and the incidence of ILD in patients
with NSCLC receiving other treatments.

What This Study Adds to the Field

Acute ILD was common in Japanese patients with NSCLC
receiving chemotherapy or gefitinib, with higher risk for
gefitinib. Age, performance status, smoking, and preexist-
ing chronic ILD were also important risk factors, aiding
clinicians in treatment selection.

Epidermal growth factor receptor (EGFR) tyrosine kinasc
inhibitors are a well-established therapy for the treatment of
non-small cell lung cancer (NSCLC) in many countries. They
are generally well tolerated and not typically associated with the
cytotoxic side effects commonly seen with chemotherapy.

The EGFR tyrosine kinase inhibitor gefitinib (IRESSA; Astra-
Zeneca, London, U.K.) was first approved for the treatment of
advanced NSCLC in Japan in July 2002. In clinical trials and in
preapproval compassionate clinical use, some reports of interstitial
lung disease (ILD)-type events had been observed. As the drug was
made more widely available in Japan after approval, however, an
increasing number of spontaneous reports for ILD appeared.

ILD is a disease that affects the parenchyma or alveolar
region of the lungs (1). When associated with drug use, it can
present precipitously with acute diffuse alveolar damage, which is
fatal in some patients (2). Chest imaging shows ground-glass
density and patients present with severe breathlessness. There is
no specific treatment, but supportive therapy including oxygen,
corticosteroids, or assisted ventilation is indicated. Acute exac-
erbations of ILD have previously been considered relatively rare
in many settings, with Japan as a notable exception (3), but
recent studies of patients with idiopathic pulmonary fibrosis (IPF)
have challenged this and underlined this important risk (4),

ILD, especially IPF, is a known comorbidity in patients with
NSCLC and has also been associated with many other lung
cancer therapies (5). Rates of acute ILD events up to and
exceeding 10% have been reported in patients receiving che-
motherapy and radiotherapy (6-11). It is recognized that ILD is
more common in Japan than elsewhere (5, 6, 12, 13).
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When safety reports of acute ILD-type events in gefitinib-
treated patients appeared in Japan, there was limited knowl-
edge about ILD in patients with NSCLC. There was a need to
better understand baseline incidence on different treatments,
risk factors for developing TLD, and whether gefitinib might be
associated with increased risk of ILD, or if patient selection or
other aspects were involved. A pharmacoepidemiologic study
was designed and conducted by an independent academic team
together with scientists from AstraZeneca to define the risk and
increase understanding of ILD in Japanese patients with
NSCLC. Some of the results of this study have been previously
reported in the form of conference abstracts (14, 15).

METHODS
See also the online supplement for further details on methods.

Overall Study Design

A nonrandomized cohort study with a nested case-control study com-
ponent was conducted between November 12, 2003, and February 22,
2006, in 50 centers across Japan. Patients with advanced or recurring
NSCLC who had received at least one chemotherapy regimen were
cligible for cohort entry, Pati and their physici 1 i the most
appropriate treatment (gefitinib 250 mg or chemotherapy) and the
patients were followed for up to 12 weeks after treatment initiation.
Basic data were collected at the start of follow-up and included sex,
age, World Health Organization (WHO) performance status (PS), and
tumor histology. 1f a patient switched to a new treatment, he or she
could be re-enrolled for a new treatment period of 12 weeks, provided
he or she was still eligible.

Patients who developed acute 1LD events during the follow-up were
registered to the case-control study nested within the cohort as clinically
diagnosed potential cases. For each potential case, four patients who had
not yet developed LD were randomly selected as appropriate control
subjects from patients registered to the cohort at that time, and exten-
sive clinical and demographic risk factor data were collected on cases
and control subjects (see Figure E1 in the online supplement).

The study followed Good Clinical Practice procedures. An in-
dependent external cpidemiology advisory board provided advice on
design, conduct, and analysis of the study.

Diagnosis of ILD

To ensure an accurate diagnosis of TLD, several study design compo-
nents were implemented: (1) an information card to all cohort patients,
alerting them to the symptoms of TLD; (2) internationally agreed
criteria for the diagnosis of TLD and a diagnostic algorithm (see Figure
E2) developed from the American Thoracic Society/European Re-
spiratory Socicly consensus statement (1); and (3) a blinded diagnostic
review of all clinically diag 1 ial ILD cases registered to the
study by an independent case review board (CRB) of radiologists and
clinicians,

Evaluation of Preexisting Lung Conditions

The CRB also blindly evaluated pretreatment computed tomography
(CT) scans for the presence of a number of pulmonary conditions:
preexisting (chronic) ILD (mainly IPF), drug-induced lung disease,
pulmonary emphysema, radiation itis, lymphangitis carcino-
matosis, and healed tuberculosis, and evaluated the extent of narmal
lung, as well as the extent of areas adherent to pleura,

Detailed Data Collection

For cases and control subjects, detailed data on NSCLC treatment,
demography, cancer histology, clinical stage and the presence of
metastases, WHO PS, smoking. previous cancer treatments, past and
current medical history, surgical history, and concomitant medication
and therapy were collected. Data on serious adverse events (SAEs) and
hence all-cause mortality were collected for the gefitinib-treated patients
in the cohort only; thus, information on mortality from causes other than
ILD in chemotherapy-treated patients is not available from this study.
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Statistical Analysis

From cohort data, we estimated observed person-time incidence rales as
well as two measures of the observed “risk™ of acute ILD to a patient;
a naive estimale of observed lative incid: (incid propor-
tion, “frequency”), and risk up to 84 days by the Kaplan-Meier method.

Control subjects for the nested case-control study were sampled using
incidence density pling, and ¢ juently the odds ratio (OR)
obtained from the case-control analysis estimates the study incidence
rate ratio (and approximately estimates the risk ratio) (16).

For the case-control statistical analysis, it was initially verified that
the convenience matching for calendar time implicit in the risk set
control sampling could be disregarded. Tn tabular analyses, we then
identified potential confounders and risk factors, using as selection
criteria a 10% change in the OR estimate for gefitinib versus chemo-
therapy treatment when stratifying for each factor separately, and
a risk factor crude OR of less than 0.5 or more than 2.0, respectively.
We also identified potential interactions between treatment and other
risk factors, or between two potential risk factors. Modeling using
logistic regression then proceeded in the corresponding four steps. Few
previous data were available on risk factors for ILD in patients with
NSCLC and 50 a hypothesis-free stepwise process with loose P value
criteria (P < 0.20) for selection was used throughout Lo avoid bias.

Two sensitivity analyses were performed. First, to investigate the
potential influence of the modeling approach used, a propensity score
analysis was perfi d (17). This analysis provides an alternative way
of adjusting for polential confounding bias by stratifying for a com-
pound score based on predictors of treatment (see online supplement
for details). Second, we estimated the possible bias due to misclassi-
fication of di under 1 ble assumptions of diagnostic error.

ILD-related mortality among the patients who developed acute
ILD on gefitinib or chemotherapy treatment was obtained, Modeling
of risk factors for [LD-related mortality followed a similar process to
the TLD risk factor modeling. For gefitinib-treated patients, two
additional data items were available: total all-cause mortality, which
was analyzed by the Kaplan-Meier method, and SAEs, for which
frequencies and possible consequences in terms of treatment discon-
tinuation and death were calculated.

RESULTS

Cohort Subjects and Treatments

Cohort participation rates were high. Tn 10 sampled study
centers, 89.6% of eligible patients were enrolled to the cohort.
The number of treatment periods and subjects are summarized in
Table 1. In total, 4,423 treatment periods in 3,159 subjects were
available for analysis. In the cohort, 70.8% of patients had only
one treatment period, 21.5% had two periods, and the remaining
7.8% of patients had three or more treatment periods registered
(Table 1). Chemotherapy included a wide range of treatments,
the most common being taxane monotherapy, followed by
taxane+platinum and gemecitabine +vinorelbine combinations.

Cases and Control Subjects

In the overall cohort data of all treatment periods, clinicians
reported 155 suspected cases of acute ILD during the follow-up,
of which 122 were confirmed by the CRB after blinded review
of CT and clinical data—79 of 103 gefitinib-treated (76.7%) and
43 of 52 chemotherapy-treated (82.7%) subjects. A total of 574
eligible control subjects were sampled from the person-lime of
the cohort. Almost all ILD cases and selected control subjects
consented to participate in the nested case-control study, with
final participation rates of 98.1 and 92.0%, respectively, Valid
data from the CRB review of CT scans were available for 115
cases and 520 control subjects.

Descriptive Data

On data items available for the full cohort (sex, age, WHO PS,
and tumor histology), the control subjects were quite represen-
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TABLE 1. NUMBER OF TREATMENT PERIODS AND SUBJECTS
IN THE COHORT AND NUMBER OF CASES AND CONTROLS IN
THE NESTED CASE-CONTROL STUDY

Gefitinh  Chemotherapy  Total

(n) (m) (n)
Treatment periods registered 1,901 2572 4,473
to cohort
No treatment administered 9 15 24
Inebagible subjects 8 6 12
Protocol deviations 14 /] 14
Per-protocol study cohort 1,872 2,551 4,423
(treatment periods)
Subjects in cohort (first 1,489 1,677 3166
treatment periods)*
No. of subjects and order of
treatment periods registered
1o the cohort
1 treatment period: G 1,199
1 treatment period: C 1,036
2 treatment periods: GC 194
2 treatment periods: CG 248
2 treatment periods: CC 228
2 treatment periods: GG 9
3-8 treatment periods’: initial G 81
3-9 treatment periods': initial C 166
First gefitinib treatment periods total* 1,849
Confirmed cases' 79 43 122
Rejected cases’ 24 9 13
Control subjects 252 322 574
Defl of obbrevi € = ch py; G = gefitinib.
* Counts the first registered treatment period for each subject.
1 70% of these with three periods.
! 78% of these with three periods.

! Counts the first gefitinib treatment period for all subjects with one or more
gefitinib tr gl to the cohort; also when their very first registration
was for chemotherapy.

! Cases registered by clinical investigators to the case-control study and
subsequently confirmed of rejected by the case review board (blinded review
of case diagnostic data).

tative of the overall cohort (details not shown). Comparisons of
the gefitinib- and chemotherapy-treated control groups as repre-
sentative of the cohort indicated that the former included more
women, never-smokers, adenocarcinoma tumors, and poorer
PS, as well as less preexisting ILD and pulmonary emphysema
on CT scan (Tables 2 and 3). ILD cases, regardless of treatment,
were more likely than cohort control subjects to be older, male,
smokers, with squamous cell carcinoma histology, and have
poor PS (Tables 2 and 3). The [requency of preexisting ILD and
pulmonary emphysema was higher in cases, reflected also in
a lower extent of normal lung on CT scan.

Cohort Analysis of ILD Occurrence

The observed incidence rate of acute ILD over the entire 12-
week follow-up in the overall cohort was 2.8 per 1,000 person-
weeks—4.5 in the gefitinib-treated and 1.7 in the chemotherapy
subcohort (Table 4). The observed incidence in the gefitinib-
treated subcohort was highest in the first 4 weeks after starting
treatment, greater than in the chemotherapy-treated subcohort.
In the following two 4-week periods. the incidence was lower
with no clear difference (Table 4, Figure 1A). The naive
cumulative incidence of ILD at 84 days (i.c., observed fre-
quency or proportion of the original cohort that developed LD
in the study) for patients in their first study treatment period
was 4.0 and 2.1% for gefitinib- and chemotherapy-treated
patients, respectively (Table 4), whereas the estimated theoret-
ical 12-week risk of ILD (i.e.. taking competing causes of death
and loss to follow-up into consideration; Kaplan-Meier method)
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was 4.5 and 2.4%, respectively (Table 4, Figure 1B). Thus, the
observed cohort rates and risks suggested an association of
increased ILD occurrence with gefitinib treatment mainly in the
first 4 weeks after treatment initiation. All cohort estimates are
unadjusted for imbalances between treatments in other risk
factors. Detailed comparisons between the treatments therefore
used the adjusted case-control OR (as an estimate of the
adjusted incidence rate ratio) to achieve comparability.

Case-Control Analysis of ILD Occurrence and Risk Factors

Major results. The OR of developing acute ILD with gefitinib
treatment versus chemotherapy, adjusted for the full predictor
model of major confounders together with additional identified
important risk factors and interactions, was 3.2 (95% confidence
interval [CT], 1.9-5.4) (Table 5). Several risk factors aside from
treatment also had strong effects, including WHO PS, as well as
smoking status and preexisting ILD together with the of
normal lung on CT scan, which interacted in a complex way in
the model (Table 5, Figure 2). Preexisting TLD was confirmed as
a strong risk factor, with OR point estimates ranging from 4.8 to
25.3 depending on the extent of remaining normal lung on CT
scan, in comparison with patients without preexisting ILD and
high extent of normal lung on CT scan (Table 5). The full set of
ILD risk factors in both groups from the final model thus
included older age (=55 yr), WHO PS (=2), smoking, short
duration since NSCLC diagnosis (<6 mo), reduced extent of
normal lung on CT scan (<50%), preexisting [LD, and concur-
rent cardiac disease. Although some potential significant inter-
actions were seen in the initial tabular analyses (Table E1), no
significant interactions with treatment (i.e., treatment-specific
risk factors, or variation in treatment-related effect in subgroups
defined by another risk factor) were identified in the modeling
after adjustment for the relevant risk factors.

‘When the case-control analyses focused on the first 4 weeks
after treatment initiation (because the unadjusted cohort anal-
yses above indicated that the bulk of the association with gefitinib
appeared to be for this time interval) the estimated OR adjusted
for a full predictor model developed on this period’s data was 3.8
(95% CI, 1.9-7.7). The same model produced an OR for Weeks
5-8 of 1.6 (95% ClI, 0.5-4.8), whereas the final 4-week period had
too few cases for an adequate estimate. The estimate for Weeks
5-12 combined, using this same model, was 2.5 (95% Cl, 1.1-5.8).
The important covariates and predictors were the same in this
model as in the model for the full 12-weck data, with the excep-
tion of age. preexisting cardiac discase, and preexisting pulmo-
nary emphysema, which were not included. Due to sparse data
beyond 4 weeks, independent models for Weeks 5-8, 9-12, and
5-12 could not be developed.

Confounding and sensitivity analysis. In the overall 12-weck
basic analysis, moderately strong confounding by other risk
factors was found. The crude OR of developing ILD with
gefitinib treatment versus chemotherapy was 2.3 (95% CI, 1.5-
3.6). When adjusted for some of the most important potential
confounders one at a time, the adjusted OR point estimate for
the association of treatment with TLD occurrence ranged from
2.1 1o 3.1 (see Table E1 for details). The most important con-
founder was severity of preexisting TLD with strong negative
confounding, and the only one that resulted in a lower adjusted
OR than 2.3 (positive confounding) was WHO PS.

The propensity score analysis approach identified the follow-
ing variables as the most important predictors of sclecting
gefitinib treatment in this study: female sex; nonsmoking status;
non-squamous tumor histology; poor PS; preexisting lymphan-
gitis carcinomatosis; no previous gefitinib treatment; and no
preexisting ILD, emphysema, or radiation pneumonitis, The
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TABLE 2. CHARACTERISTICS OF CONFIRMED CASES AND CONTROL SUBJECTS (AS A RANDOM

SAMPLE OF THE STUDY COHORT)

Chemotherapy Control

Gefitinib Control
Cases Controls Sample Sample
(n=122 (n=574) (n=252) (n=322)
Sex
Male 92 (75.4) 360 (62.7) 126 (50.0) 234 (72.7)
Female 30 (24.6) 214 (37.3) 126 (50.0) BB (27.3)
<55 yr 11 (9.0) 95 (16.6) 43070 52 (16.1)
>55 yr 111 (91.0) 479 (83.4) 209 (82.9) 270 (83.9)
WHO performance status
0 18 (14.8) 154 (26.8) 68 (27.0) B6 (26.7)
1 69 (56.6) 358 (62.4) 148 (58.7) 210 (65.2)
2-3 35 (28.7) 62 (10.8) 16 (14.3) 26 (8.1)
Histologic type
Squamous cell carcinoma 29 (23.8) 103(17.9) 27 (10.7) 76 (23.6)
Adenocarcinoma 80 (65.6) 414 (72.1) 207 (B2.1) 207 (64.3)
Others 13(10.7) 57 (9.9) 18 (7.1) 39 121)
Smioking history
No 21 (17.2) 192 (33.4) 113 (44.8) 79 (24.5)
Yes 100 (82.0) 382 (66.6) 139 (55.2) 243 (75.5)
Unknown 1(0.8) 0 (0.0) @ (0.0) 0 (0.0)
Time since diagnosis of NSCLC
<0.5 yr 49 (40.2) 153 (26.7) 65 (25.8) 88 (27.3)
05t <1y 36 (29.5) 154 (26.8) 67 (26.6) 87 (27.0)
=1y 37 (30.3) 267 (46.5) 120 (47.6) 147 (45.7)
Previous gefitinib treatment
No 113 (92.6) 465 (81.0) 241 (95.6) 224 (69.6)
Yes 9 (7.4) 109 (19.0) 11 (4.4) 98 (30.4)
Concurrent cardiac disease
No 1M1 (91.0) 556 (96.7) 244 (96.4) 312 (96.9)
Yes 11 (3.0) 19 (3.3) 9(3.6) 10 (3.1)

Definition of abbrevigtions: NSCLC = non-small cell lung cancer; WHO = World Health Organization.

Values shown are numbers (%).

estimated OR of developing ILD for gefitinib treatment when
stratifying by the propensity score was 3.3 (95% CI. 1.9-5.5), very
similar to the primary result, suggesting that the primary re-
gression modeling approach well captured the confounding in
the data.

If some misclassification of ILD diagnosis remains despite
the design features aimed to minimize it, the adjusted OR point
estimate of 3.2 may apart from random variation be subject to
systematic bias. A sensitivity analysis to evaluate the possible
magnitude of such bias due to misclassification of ILD diagnosis
suggested that the true study point estimate for the adjusted
OR would be expected to lie between 2.6 and 4.8, assuming
diagnostic sensitivity of more than 80% for both gefitinib- and
chemotherapy-treated patients, and specificity of more than
99.0% for gefitinib and more than 99.5% for chemotherapy.
Lower values for sensitivity/specificity were considered very
unlikely for this serious condition in a cancer patient popula-
tion, in this study setting.

Analysis of ILD Mortality

Moriality due to ILD among gefitinib- or chemotherapy-treated
patients. The mortality due to ILD for the patients who de-
veloped acute ILD was 31.6% (95% CI, 21.6-43.1) among
gefitinib-treated patients and 27.9% (95% C1, 15.3-43.7) among
those with other treatments; the OR was 1.05 (95% CI, 0.3-3.2)
for gefitinib versus chemotherapy, adjusted for relevant risk
factors. Several other factors were strong predictors of a fatal
outcome for patients with ILD, including age of 65 years or
older, smoking history, preexisting ILD, CT scan evidence of
reduced normal lung (=50%), and/or extensive arcas adherent
to pleura (=50%), with ORs ranging from 2.4 to 11.7 (see
Table E2),

Overall mortality among gefitinib-treated patients. In the
gefitinib-treated cohort in whom such data were available, an
analysis of mortality from all causes by the Kaplan-Meier
method showed that cumulative mortality at 12 weeks among
the patients who did develop ILD was 58.7%, compared with
14.6% (95% CI, 12.8-16.3) among the large majority who did
not develop ILD (Figure 3). For the entire gefitinib cohort,
including the subjects who developed ILD, the observed
cumulative mortality was 16.0% (95% CI, 14.3-17.8), so that
the increased mortality in ILD cases impacted the total survival
rate at 12 weeks in the overall gefitinib-treated cohort only to
a limited extent, reducing survival from 85.4 to 84.0%.

SAEs among Gefitinib-treated Patients

SAEs were only collected for gefitinib-treated patients in the
cohort. and a total of 198 patient registrations reported SAEs
(10.5%), of which 38 (2.0%) reported SAEs resulting in a fatal
outcome. Within this group, there were 142 patient registrations
with drug-related (as reported by the physicians) SAEs (7.5%),
of which 30 (1.6%) resulted in a fatal outcome. The majority of
these (25 out of 30) were due to ILD-type events. There were 122
patient registrations where study treatment was discontinued due
to the reported SAEs (6.5%). SAEs seen in the gefitinib-treated
patients were generally consistent with the known safety profile
of gefitinib and/or the patient’s underlying disease and comor-
bidities.

DISCUSSION

This study provides important information on ILD in an
advanced/recurrent NSCLC setting in Japanese patients in
Japan, and it is the largest prospective study of this condition
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TABLE 3. CHARACTERISTICS OF CONFIRMED CASES AND CONTROLS (AS A REPRESENTATIVE

SAMPLE OF THE STUDY COHORT)

Gefitinib Control Chemotherapy Control
Sample

Cates Contrals Sample
(n=1T15) (m=520) (n= 240) (n= 280)
Severnity of preexisting interstitial lung
disease on CT scan (CRB evaluation)
No ILD 84 (73.0) 473 (91.0) 231 (96.3) 242 (86.4)
Mild 15(13.0) 28 (5.4) B (3.3) 20(7.)
Moderate 12 (104) 14 (2.7) 1(0.4) 13 (4.6)
Severe 4 (3.5) 5(1.0) 0(0.0) 5(1.8)
Severity of preexisting pulmonary
emphysemna on CT scan (CRE evaluation)
No emphyserna 56 (48.7) 326 (62.8) 176 (73.3) 150 (53.8)
Mild 35 (30.4) 92(12.7) 36 (15.0) 56 (20.1)
Moderate 18(15.7) 59 (11.4) 16 (6.7) 43 (15.4)
Severe 6(5.2) 42(81) 12(5.0) 30 (10.8)
Extent of normal lung on CT scan
(CR8 evaluation)
Low (10-50%) 49 (42.6) 133 (25.6) 56 (23.3) 77 (27.5)
Normal (60-100%) 66 (57.4) 387 (74.4) 184 (76.7) 203 (72.5)

Definition of cbbreviations: CRB = case review board; ILD = interstitial lung disease.
Values shown are numbers (%) of total subjects with available CRB data.

to date. For the first time. the risk of acute ILD events for
a large and relatively unselected chemotherapy-treated NSCLC
patient cohort in Japan was determined in clinical practice. The
study also quantified the greater risk of developing acute ILD
associated with gefitinib treatment than with conventional
chemotherapy, mainly in the first 4 weeks after treatment
initiation. The study confirmed and further defined risk factors
for developing ILD with gefitinib or chemotherapy. The factors
included older age, poor WHO PS, smoking, short duration
since diagnosis of NSCLC, reduced normal lung on CT scan,
preexisting ILD, and concurrent cardiac disease. Several of
these factors, or related f(actors, had been reported previously in
bivariate or multivariate analyses from other studies (8, 18, 19),
These risk factors were the same for patients treated with

gefitinib or chemotherapy in the study, and no treatment-specific
risk factors were identified. In particular, patients with CT evi-
dence of preexisting ILD (chronic) were at considerably ele-
vated risk of developing acute 1LD during treatment, but there
were relatively few subjects with preexisting ILD and the data
did not indicate a statistically significant difference in treat-
ment-related risk depending on the preexisting TLD status. Of
clinical relevance, some of these risk factors were just as strong
as, or stronger than, gefitinib treatment, for example having
a poor WHO PS (=2) rather than a good PS (OR, 4.0; 95% CI,
1.85-8.75), implying that they can be used to identify patients at
particular risk of TLD in clinical practice. The relationship be-
tween ILD and pharmacokinetic characteristics of gefitinib, as
well as genetic polymorphisms and proteomics determined in

TABLE 4. MEASURES OF DISEASE OCCURRENCE FOR ACUTE INTERSTITIAL LUNG DISEASE
ESTIMATED FROM THE COHORT DATA (INCIDENCE RATE, CUMULATIVE INCIDENCE)

Gefitinib Cobort Chemotherapy Cohort

Owverall observed incidence rate 0-84 d

No. of treatment periods at Day 0 1,872 2,551

Cases of ILD/person-weeks 79/17,740 43/25,224

Incidence rate per wesk (95% CI) 0.00445 (0.00347-0.00544) 0.00170 (0,00120-0.00221)
Overall observed incidence rate 0-28 d

No. of treatment periods at Day 0 1,872 2,551

Cases of ILD [ person-weeks 56/7,032 21/9,902

Incidence rate per week (95% CI) 0.00796 (0.00588-0.01005) 0.00212 (0.00121-0.00303)
Overall observed incidence rate 29-56 d

No. of treatment periods at Day 29 1,596 2,284

Cases of ILD/person-weeks 11/5,797 15/8,392

Incidence rate per week (95% Cl) 0.00190 (0.00078-0.00302) 0.00179 (0.00088-0.00269)
Overall observed incidence rate 57-84 d

No. of treatment periods at Day 57 1,328 1,890

Cases of LD/ 12/4,9M 7/6,930

Incidence rate per week (95% CI) 0.00244 (0.00106-0.00383) 0.00101 (0.00026-0.00176)
Maive cumulative Incidence after 84 d

(first treatment periods only)
Cases of ILD/no. of patients 59/1,482 35/1,677
Cumulative incidence (95% CI) 3.98% (3.04-5.11%) 2.09% (1.46-2.89%)

Kaplan-Meier cumulative incidence after 84 d

(first treatment periods only)
Cases of ILD/no. of patients
Cumulative incidence (95% C1)

59/1,482
4.50% (3.37-5.64%)

35/1,677
2.40% (1.61-3.20%)

Definition of abbreviations: ILD = Interstitial lung disease, € = confidence interval,
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study subjects, were also investigated as secondary and explor-
atory objectives in this study. These analyses are ongoing and
results will be submitted for publication in due course.

Over the whole study follow-up, the average incidence rate
for acute ILD events in patients treated with gefitinib was 3.2-
fold higher relative to that seen with other chemotherapy
treatments, adjusted for imbalances in other risk factors be-
tween treatments. The increased risk of ILD associated with
gefitinib treatment was seen most clearly in the first 4 weeks
after treatment initiation. Thus, increased physician awareness
of risk factors and careful surveillance of Japanese patients dur-
ing this period are indicated to manage risk. Such an approach is
in line with current recommendations in Japan (20, 21). Beyond
4 weeks after treatment initiation, the risk of ILD associated with
gefitinib treatment appears to fall,

ILD risk factors were found to be the same for both types of
NSCLC therapy. Gefitinib is, however, a molecularly targeted
agent. There is a significant body of evidence to indicate that
gefitinib is a valid treatment option for some patients with
NSCLC. In the IRESSA Survival Evaluation in Lung cancer
(ISEL) study, a large phase III, placebo-controlled trial (n =
1,692), gefitinib was associated with some improvement in
overall survival versus placebo, although this failed to reach
statistical significance in the primary analysis of the overall
population (22). Preplanned subgroup analyses from the study
showed statistically significant differences in survival in favor of

a1
1044

gefitinib in patients of Asian origin and those who had never
smoked. Furthermore, tumor biomarker data suggest that patients
with a high EGFR gene copy number, or an EGFR mutation,
may be more likely to benefit (23, 24).

Therefore, the consideration of those patients more likely to
benefit from the drug balanced with the better identification of
these risk factors associated with TLD enables the physician to
make careful judgment of the most appropriate therapy for the
individual patient. Patients with several risk factors will gener-
ally be at more risk, and patients with risk factors may be at
higher risk if gefitinib is used, This approach is facilitated by
the fact that evidence 1o date suggests that subgroups less at
risk of ILD tend to be those that respond well to gefitinib treat-
ment (8).

A fatal outcome is the major concern with ILD as an SAE of
drug treatment. In other large studies, fatality rates due to ILD
in gefitinib-treated subjects of approximately 30% have been
seen (8, 25), and a similar mortality was observed in this study in
both gefitinib-treated and chemotherapy-treated TLD cases.
The main predictors of a fatal outcome were older age (=65
yr), smoking history, and preexisting ILD, as well as CT scan
evidence of reduced normal lung (=50%) or extensive areas
adherent to pleura (=50%). Because mortality is high among
patients with NSCLC and the frequency of ILD in Japanese
patients with NSCLC is low in comparison, TLD-related mor-
tality impacted the overall survival at 12 weeks, for the cohort of
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TABLE 5. RISK FACTORS FOR ACUTE ILD IDENTIFIED IN THE STUDY AND ESTIMATED ODDS RATIOS

Risk Factors

Odds Ratio (95% CT)

T gefitinib vs. o .
Age: =55 vi. =54 yr

'WHO performance status
1w 0

2-3vs D
Duration of NSCLC
0.5to <1 vs. <0.5yr

=] v, <05 yr
Concurrent cardiac disease: yes vi. no
Severity of preexisting pulmonary emphy
Mild vs. no
Moderate vs. no
Severe vi. no

s

Never-smoker and high extent of normal lung on CT (60-100%) (reference)
Never-smoker and reduced extent of normal lung on CT (10-50%)

Smoker and high extent of normal lung on CT (60-100%)
Smoker and reduced extent of normal lung on CT (10-50%)

No preexisting ILD and high extent of normal lung on CT (60-100%) (reference)
Nao preexisting ILD and reduced extent of normal lung on CT (10-50%)

Mild preexisting ILD and high extent of normal lung on CT {60-100%)

Mild preexisting ILD and reduced extent of normal lung on CT (10-50%)
Moderate-severe preexisting ILD and high extent of normal lung on CT (60-100%)
Moderate-severe preexisting ILD and reduced extent of normal lung on CT (10-50%)

3.23 (1.94-5.40)
1.92 (0.91-4.09)

1.57 (0.83-2.97)
4.02 (1.85-8.74)

0.65 (0.37-1,14)
0.35 (0.20-0.62)
2.44 (0.88-6.80)

1.57 (0.89-2.79)
1.04 (0.49-2.23)
0.47 {0.16-1.40)
1.00 (reference)
7.22 (252-20.64)
443 (1.87-10.47)
542 (208-14.12)

1.00 (reference)
7.22 (2.52-20.64)
4.80 (1.83-12,63)
6.08 (1.09-33.98)
5.55 (1.40-21.99)
25.27 (5.74-111.28)

Definition of abb €1 = confid

gefitinib-treated patients, only to a limited extent (85.4 to 84%).
Accordingly, there needs to be an appropriate individualized
risk-benefit evaluation for patients also considering other treat-
ments, many of which have their own problems with treatment-
related mortality due to SAEs other than [LD.

A Risk factors for ILD
Chemotherapy | —e—  Gefitinib
<55 years. =55 years
PS1
PS0
P52-3
«0.5 years since diagnodis {

No concurrent cardiac disease

e interval; CT = computed tomography; ILD = interstitial lung disease; NSCLC =
non-small cell lung cancer; WHO = World Health Organization.

Some methodologic issues may have influenced the study
results and deserve comment. This kind of observational phar-
macoepidemiologic study is generally considered sensitive to
confounding by indication. Most often, it is assumed that more
“sick™ or “susceptible” patients will receive a new treatment,
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leading to possibly more adverse effects in this group, even in the
absence of a true relationship to treatment. Attempts to adjust for
confounding using collected data would then push the adjusted
estimate of effect closer to the null, but if sufficiently precise
information on strong confounders cannot be collected, it may
be impossible to remove all of the confounding. In conducting
this study, the suspected adverse effect of ILD was recognized,
and in the clinical setting, recommendations were in place to
proceed with caution when treating some patients with suspected
elevated baseline risk of ILD. This kind of selection would tend
to produce the type of data pattern that was in fact observed in
this study, a pattern of negative confounding that produces
a more elevated OR when adjustment for confounders is per-
formed. Thus, the results are well in line with what might be
expected.

Misdiagnosis of ILD (outcome misclassification) is another
concern, bul it is expected that the stringent design features
have minimized this problem in the present study (see online
supplement for details). The diagnostic CRB review is a key
feature, but it was still CT based, and biopsies—generally
considered the gold standard for ILD diagnosis—were in most
cases not taken, Overall, a sensitivity analysis suggested that,
under reasonable assumptions about possible misclassification
of TLD, the main result would remain similar and the con-
clusions from the study would not be greatly changed.

Random error is another consideration. However, although
random error may be responsible for some bias in the point
estimate, the confidence interval is reasonably narrow. The
results are also consistent with other recent data. For example,
as of January 2006, the estimated reporting rate of ILD-type
events in Japan from the AstraZeneca Global Drug Safety
Database of patients receiving gefitinib treatment was approx-
imately 3.1% (26); from a retrospective study by the West Japan
Thoracic Oncology Group (WITOG), which studied 1,719
patients receiving gefitinib of whom 69 developed ILD, the
frequency was 3.5% (95% CI, 2.8-4.5%) (8); from a postmarket-
ing surveillance (PMS) study conducted by AstraZeneca KK
Japan, which included 3,322 gefitinib-treated patients, it was
5.8% (25); whereas from the present study, the cumulative
incidence at 12 weeks was 4.0% (95% CI, 3.0-5.1%).

These estimates are quite similar, even recognizing that the
populations and selection of patients differ between these
samples, and duration of follow-up, although similar, varies.

In the present study, for the first time, an estimate of cumulative
incidence of ILD after 12 weeks of treatment was obtained
also from a chemotherapy-treated patient group; this frequency
was 2.1% (95% CI, 1,5-2.9%), providing an estimate of this
problem unrelated to gefitinib in patients with NSCLC in Japan.

The prognosis for gefitinib-treated patients who were diag-
nosed with ILD was also quite consistent with other studies. In the
PMS study, ILD-related death among patients diagnosed with
1LD was 38.6% (25); in the WITOG study it was 44.3% (8); in the
AstraZeneca Global Drug Safety Database as of January 2006,
the proportion of ILD-type events with a fatal outcome in
patients receiving treatment with gefitinib in Japan was 37.3%
(AstraZeneca, data on file); and in the present study it was 31.6%.
This proportion was quite similar to the chemotherapy-treated
group, 27.9% (adjusted OR, 1.05; 93% CI, 0.4-3.2).

The factors associated with risk of acute ILD observed in this
Japanese NSCLC population are largely different or even
complementary to factors that predict better response to gefitinib.
This would seem to support a hypothesis that the mechanism by
which ILD occurs is distinct from the successful cancer response
mechanism, offering a potential path toward selecting patients
with optimal risk-benefit balance for gefitinib treatment.

Interestingly, the issue of ILD in patients with NSCLC, after
gefitinib or other treatments, appears to be a problem largely
limited to Japan. From the AstraZeneca Global Drug Safety
Database, the reporting rate of ILD-type events in patients
receiving treatment with gefitinib was only 0.23% in the rest of
the world excluding Japan, based on more than 215,000 patients
worldwide estimated to have been exposed to gefitinib (26).
Even for neighboring countries, the pattern differs from Japan:
the rate for East Asian countries, including Korea and Taiwan
but excluding Japan, was 0.17% (26). The proportion of ILD-
type events with a fatal outcome was similar, however: 37% in
Japan and 31% in the rest of the world. The reasons for this
difference in incidence of ILD between Japan and other coun-
tries remain unclear, but may relate to both constitutional and
environmental factors specific to Japan or Japanese patients. For
other drug treatments, too, a higher incidence of ILD has been
noted in Japan than elsewhere (12, 13).

Within the study, some exploratory analyses are still ongoing
related to genetic and proteomic predictors for ILD in patients
with NSCLC, to search for biomarkers for early recognition
of ILD and hopefully individualized risk assessment. This may
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help to shed light on why ILD appears to be a particular issue
for Japanese patients and the possible underlying mechanisms.

The EGFR is expressed on a number of constituent cells of
the lungs including epithelium, smooth muscle cells, fibroblasts,
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and endothelium (27). There have been a number of animal
studies using bleomycin- and vanadium pentoxide—induced lung
injury with EGFR~tyrosine kinase inhibitors to determine the
role of EGFR in lung fibrosis. Gefitinib and AG1478 have been
used in such studies of mice and, when administered in a range
of therapeutic doses, show clear attenuation of both bleomycin-
(28) and vanadium pentoxide-induced (29) lung fibrosis, al-
though one study (30) has shown augmentation of bleomycin-
induced fibrosis (when using a subtoxic dose of geﬁtinib) The
similarity of study design and choice of animal strain in Lhc
bleomycin studies make it difficult to explain the disc
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results other than by the excessive dosing. This leaves un-
certainty as to the underlying mechanism of lung fibrosis in
patients with NSCLC receiving gefitinib.

In summary, the study appears to be of adequate validity to
avoid serious systematic biases, random error does nol seem Lo
be the most likely explanation for the results, and the observed
increased risk of ILD with gefitinib treatment relative o
chemotherapy treatment in Japanese patients is consistent with
previous studies. Although preexisting ILD was confirmed as an
important determinant of developing acute ILD symptoms after
treatment with gefitinib or chemotherapy, the results also
suggested that risk of ILD may be generally affected by a variety
of other factors that decrease the amount of normally function-
ing lung tissue or affect the capability of tissue repair and recov-
ery. The study thus identified several risk factors apart from
treatment, which included preexisting ILD, which were not treat-
ment specific, and which were partly similar to risk factors for
idiopathic or rheumatic pulmonary lung fibrosis. These findings
taken together suggest that there may be a common etiology that
gives some patients a greater susceptibility both to idiopathic or
rheumatic pulmonary fibrosis and to acute drug-induced lung
injury after various treatments.
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