Northern Blot Analysis

Total RNA (10 pg) extracted from each cell was analyzed using
the Ambion Northernmax Kit (Life T'echnologies) according to the
manufacturer’s guidelines. Hybridization was performed under
standard conditions with a digoxigenin-labeled human CYGB
cDNA probe. The final washing conditions were 65 “C at 0.1x
standard saline citrate (SSC), The blot filter was exposed for 24 h
using Kodak XROmat film.

Immunoblot Analysis

Immunoblot analysis for CYGB protein detection was per-
formed essentally as described previously [56] using rabbit anti-
CYGB antibody, a kind gift from Dr. Norifumi Kawada [8], and
B-actin antibody (Cell Signaling Technology, Beverly, MA). The
images were obtained using ImageQuant LAS 3000 (Fujfilm,
Tokyo, Japan),

Immunohistochemical Analysis

A skin tumor tssue array (1212a) including normal tssue as a
control was purchased [rom Biomax US (Rockville, MD) and was
analyzed as described previously [37] using the rabbit and-CYGB
antibody, and a mouse antibody against PNL2 (Cell Marque,
Rocklin  CA), a highly specific marker for melanoma and
melanocyte.

Immunofluorescence Staining

To detect CYGB expression in melanocyte and melanoma cell
Lines, cells grown to subconfluence on cover slips were rinsed with
PBS and fixed in 4% formaldehyde for 30 min at room
temperature (R'D). Alter rinsing several times with PBS, cells were
blocked with 10% goat serum for 30 min and were mcubated in
PBS containing ant-CYGB antibody (1:200) for 1 hour at RT.
Cells were then washed with PBS and incubated in PBS
contaning 10 pg/mlL of Alexa Fluor 488 goat ant-rabbit 1gG
(Molecular Probes, Eugene, OR). After washing 3 times in PBS,
the cover shps were mounted on a slide glass using Vectashield
(Vector Laboratories, Burlingame, CA). The images were
captured using a fluorescence microscope (IX71; Olympus,
Tokyo, Japan).

CYGB Promoter Methylation Analysis

Genomic DNA was extracted from the G361 and A375 cell
lines and melanocytes using Blood & Cell Culture DNA Kits
(Qiagen, Hilden, Germany). Bisulfite treatment for each sample
(0.8 pg) was performed using the CpGenome Turbo Bisulfite
Modification Kit (Millipore, Billerica MA). The modified DNA
was subjected to PCR amplification using NovaTaq DNA
Polymerase (Merk, Darmstadt, Germany) and primers that were
designed 0 exclude the CpG site, thereby rendering the
amplification independent of the methylation status. The primer
sequences were as [ollows: 5'-GGGAATTGATTTAAAGTT-
TAAT-3" (forward), and 5'-TAACCCCCCAAACCTAA-3" (Re-
verse). The DNA sequencing of the amplicon (matching GenBank
accession NCG_000017.10) was performed in both directions using
the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems).

siRNA Transfection

siRNA targeting human CYGB and negative control siRNA
were purchased from Qjagen. The targeting sequences for CYGB
and control (scrambled sequence) siRNA were 5'-GGA GGA
AUC CCU GAC UCA A-3" and 5'- GAG CAG UCC CAU
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CGA UAG A -8 respectively. The transfection methods have
been described previously [38].

Short Hairpin RNAs (shRNAs) Transfection

Targeting sequences used o construct shRNA for human
CYGB and nonsilencing control (scrambled sequence) were same
as siRNA sequences. They were cloned into an RNAi-Ready
PSIREN-RetroQ)-ZsGreen vector (Clontech) according to manu-
[acturer’s protocol. The stable wansfectants of G361 cells
expressing these shRNAs were obtained as previously described

(38].

Xenogtrafts in Nude Mice

Assay of tumor in nude mice (BALB/c-nu/nu, 5-8 wk old
females; CLEA Japan Inc., Tokyo, Japan) was performed as
described previously [39] in strict accordance with the recom-
mendations for the Handling of Laboratory Animals for Biomed-
ical Research, as documented by the Institutional Animal Care
and Use Committee (IACUC) at the Kinki University Faculty of
Medicine (Permit Number: KAME-24-005). The stable transfec-
tants of G361 cells expressing CYGB and control shRNAs were
suspended in PBS and Matrigel (BD Biosciences) (1:1) at a density
of 1x107 cells/ml. One million cells were mjected subcutaneously
into the interscapular region of mice (n=35). Tumor size was
assessed at 3 to 4-day interval and the tumor volume V was
calculated according (o the formula: V = W*xLx0.5, where W
and L are tumor width and length, respectively. At the end of the
experiment, the mice were killed and the xenografts were resected,
fixed in 10% bullered formalin for 10 h, and processed [or
histological analysis. Apoptosis was determined by immunohisto-
chemistry using anti-cleaved caspase 3 antibody (Cell Signaling
Technology) as previously described [39].

Cell Proliferation Assay
Cell proliferation was assessed using an M1l assay, as
described previously [36].

Measurement of ROS Production

Cells were transfected with GYGB siRINA or control siRNA and
ROS generation was detected using 2'-, 7'-dichlorofluorescein
diacetate (DCFH-DA) (Invitrogen). The cells were incubated with
10 uM of DCFH-DA for 30 min at 37°C and washed twice with
PBS. After trypsinization, the cells were immediately analyzed
using a FACScan flow cytometer (BD Biosciences, San Jose, CA).

Assessment of Cell Death

Cell death was analyzed by staining the cells using an annexin
V-FITC apoptosis detection kit I (BD Pharmingen, San Dicgo,
CA), a procedure that reveals both apoptosis and necrosis. Briefly,
G361 cells were transfected with CYGB siRNA or control siRNA
and were treated with or without 100 pM HyOy for 24 hours.
Alfter trypsinization followed by washing in PBS, the cells (1 x10°)
were resuspended in 100 pL binding buffer, to which FITC-
Annexin and propidium iodide (PI) have been added, and
incubated for 15 min. Cell death was measured using a flow
cytometer.

Statistical Analysis

The statistical analyses were performed using Microsoft Excel to
calculate the SE and to test for statistically significant differences
between the samples using the Student ¢ test. A P value of <0.05
was considered statistically significant.
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Supporting Information

Figure S1 CYGB mRNA is abundantly expressed in
some melanoma cells. A. Northern blot analysis of CYGB
mRNA in A549, T47D, T98G and 5 melanoma cells under
normoxic (N) and anoxic (0.1%-0.2% Oy) (A) conditions. -actin
was used as a loading control. B. The relative CYGB expression
levels that were assessed by realtime quantitative PCR using
TagMan probes and were compared with 185 rRNA expression
are listed for the same cells as those analyzed in A. SEM values are
shown in parenthesis.

(TTF)

Figure $2 CYGB is predominantly distributed in mela-
nocytes within the skin. A. Immunoblot analysis of CYGB
protein in NHDF, keratinocytes and melanocytes from skin and 8
melanoma cell lines (WM35 to HS294T). The image was obtained
using ImageQuant LAS 3000 with an exposure time of 120 sec. B.
Immunocytochemistry analysis of melanocytes, G361 and A375
cells using CYGB antibody. Scale bar, 5 pm.

(TIF)

Figure 83 CYGB mRNA expression is reduced in most
melanoma tissues during melanocyte-to-melanoma
transition. CYGB mRNA expression was compared in eight
melanocyte cell lines (shown as red bars) and melanoma tissues
from 82 patents deposited in the GSE29359 GEO dataset. The
bar chart was drawn based on the meta-analysis described in the
legend to Table S4. A horizontal line is drawn to show tissues with
a relatively high expression of CYGB (higher than 0.3).

(TIF)

Figure S$4 CYGB mRNA expression is inversely corre-
lated with the methylation status. The GSE28356 GEO
dataset with a platform of IHumina HumanMethylaton27
BeadChip was meta-analyzed for the methylation status of the
CYGB gene promoter (gene ID ¢g17040807) in 9 melanoma cell
lines and one melanocyte pool, which was used as a normalization
control. The beta value that indicated a continuous, quantitative
measurement of DNA methylation, ranging from 0 (completely
unmethylated) to 1 (completely methylated), was used for the
calculation. The expression of cytoglobin mRNA was estimated
using the GSE7152 dataset that analyzed 35 melanoma cell lines
with an Affymetrix expression microarray platform. The probesets
for cytoglobin mRNA (1553572_a_at) and GAPDH mRNA
(M33197_M_at), a normalization control, were used. The nine
cells analyzed in common to both datasets are listed (A) and
compared for their normalized levels of the CYGB expression and
CYGB promoter methylation (B).

(TIF)

Figure S5 Efficacy of shRNA-mediated CYGB knock-
down in G361 cells. G361 cells stably expressing shRNA
against CYGB and control shRNA were generated by retrovirus
transduction. A. Confirmation of CYGB knockdown in the cell
line expressing CYGB shRNA at the protein level by Western
analysis. B-actin was used as a loading control. B. Growth analysis
of CYGB knockdown in G361 cells. G361 cells expressing CYGB
shRNA and control shRNA were seeded in 96 well plates
(2,000 cells/well) and cell growth was determined by MTT assay.
OD value, 570 nm. bars, SEM. * P<0.05, ** P<0.0l. C.
Immunohistochemistry pictures of cleaved caspases 3-positive cells
in G361 xenografts (Scale bar, 100 pm). D. Quantification of the
apoptosis-signal in G (P<<0.01, mean = SD, n=35).

(T1F)
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Table S1 Cell lines used in the experiment and their
origins. The list covers the cell lines analyzed by immunoblotting
(Fig. 1) and northern bloting (Fig. 24). The other cell lines
subjected to preliminary screening using northern blotting
included the following: H69, PC14, H1299, A427, Calul, H520,
H460, H1650, PC-9, H1975 (lung cancer), SKBR3, MDA-MB-
468, MDA-MB-231, BT549, HCC1954 (breast cancer), Colo201,
HCTI116, WiDr, LoVo, SW480 (colon cancer), MKNI1, IM95,
MKN7, SNU1 (gastric cancer), LnCAP, Dul45 (prostatic cancer),
SCOV3, OVCAR3 (ovarian cancer), Caki-1, RCC4 (renal cell
carcinoma), BxPC3, Capanl (pancreatic cancer), A172, U87
(glioblastoma) and Hep3B (hepatoma), all of which gave no
positive signal for CYGB.

DOC)

Table S2 Expression of cytoglobin mRNA in cell lines
from several cancer types (1). The GSE10843 GEO dataset
with an Affymetrix expression microarray platform (GeneChip,
HG-U133_Plus_2) was meta-analyzed for the expression of
cytoglobin mRNA wusing 1553572_a_at, a transcript 1D for
cytoglobin. A transcript of glyceraldehyde 3-phosphate dehydro-
genase (GAPDH; M33197_M_at) was used as a normalization
control. To make the expression ratios comparable, the normal-
ized CYGB/GAPDH value for MEWO melanoma cell line was
set equal to 1. The database included 118 cell lines consisting of 15
melanoma (highlighted in red), 12 breast cancer, 50 lung cancer, 9
ovarian cancer, 6 lymphoma, and 26 colon cancer cell lines. The
samples were aligned according to the order of the normalized
expression level of CYGB mRNA.

(XLS)

Table 83 Expression of cytoglobin mRNA in cell lines
from several cancer types (2). Several GEO datasets with an
Affymetrix expression microarray platform (GeneChip) were used
for the meta-analysis of cytoglobin mRNA expression
(1553572_a_at) and a GAPDH mRNA (M33197_M_at) as a
normalization control. To make the expression ratios comparable
for all cell lines listed in both Tables S2 and S3, the normalized
CYGB/GAPDH value for MEWO, which was set equal to 1 in
Table S2, was introduced. The five datasets, GSE8332,
GSE17714, GSE22563, GSE15455, and GSE9171, included 20
pancreatic, 11 neuroblastoma, 11 renal cell carcinoma, 33 gastric,
and 17 glioblastoma cell lines, respectively. The samples with
relatively abundant CYGB mRNA are highlighted.

(XLS)

Table S4 Expression of cytoglobin mRNA in eight
melanocyte cell lines and melanoma tissues from 79
patients. The GSE29359 GEO dataset with an Humina
expression microarray platform (beadarray) was meta-analyzed
for the expression of cytoglobin mRNA using ILMN_1758128, a
transcript  ID  for cytoglobin. A GAPDH  transcript
(ILMN_2038778) was used as a normalizaton control. The
melanoma samples were aligned according to the order of the
normalized expression level of CYGB mRNA. Three patents (62,
64 and 82) with poor GAPDH expression values were excluded
from the comparison.

(DOC)
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ABSTRACT:

Molecular markers for predicting or monitoring the efficacy of bevacizumab
in patients with metastatic colorectal cancer (mCRC) remain to be identified. We
have now measured the serum concentrations of 25 angiogenesis-related molecules
with antibody suspension bead array systems for 25 mCRC patients both before and
during treatment in a previously reported phase II trial of FOLFIRI chemotherapy
plus bevacizumab. The serum concentration of vascular endothelial growth factor-A
(VEGF-A) decreased after the onset of treatment (P < 0.0001), whereas that of
placental growth factor increased (P < 0.0001). Significant differences in the levels
of several factors (such as VEGF-A, soluble VEGF receptor-2, and interleukin-8) were
apparent between responders and nonresponders during treatment. The rapid and
pronounced decrease in serum VEGF-A level after treatment onset was apparent in all
subjects and was independent of the baseline concentration. However, four of nine
nonresponders showed a subsequent early increase in the serum VEGF-A level. Our
results thus suggest that an early increase in the serum VEGF-A concentration after
the initial decrease is a potential predictive marker of a poor response and reactive
resistance to bevacizumab plus chemotherapy.

INTRODUCTION

Angiogenesis, defined as the formation of new
blood vessels from a preexisting vasculature, is essential
for tumor growth and the spread of metastases [1, 2].
Inhibition of angiogenesis is therefore considered a
promising strategy for cancer treatment, with clinical

application of this strategy being pursued in the form
of multiple modalities that include the development of
specific inhibitors of signaling by vascular endothelial
growth factor (VEGF) and its cognate receptors
(VEGFRs). Bevacizumab is a humanized monoclonal
antibody specific for VEGF-A, a key inducer of
angiogenesis in tumors, and it has been found to manifest
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clinical activity in patients with metastatic colorectal
cancer (mCRC) [3]. Furthermore, the cytotoxicity of
chemotherapy is blunted by the production of VEGF
and other proangiogenic factors that recruit new
endothelial cells and protect them from chemotherapy,
and bevacizumab transiently “normalizes” the abnormal
structure and function of the tumor vasculature to
render it more efficient for oxygen and drug delivery
[4]. Indeed, bevacizumab is effective against metastatic
colorectal cancer (mCRC) mainly in combination with
chemotherapeutic drugs.

The efficacy of chemotherapy plus bevacizumab
varies among patients, however, and so the ability
to identify tumors likely to be most sensitive to such
treatment would help to optimize the implementation
of this approach as well as provide important insight
into the mechanisms of resistance. The identification
of a biomarker predictive of bevacizumab treatment
outcome has proven to be challenging. Angiogenesis
is a complex and highly adaptive biological process,
with multiple factors in addition to VEGF-A playing an
essential role, including placental growth factor (PIGF),
fibroblast growth factors (FGFs), platelet-derived growth
factor (PDGF), angiopoietins, and various additional
cytokines [5]. Reactive resistance to bevacizumab in
combination with chemotherapy is mediated in part by
hypoxia-inducible factor—1 (HIF-1) and its transcriptional
activation of genes for multiple factors including VEGF-A
and FGFs.

Extensive biomarker analysis has been conducted
in numerous clinical trials of bevacizumab, with
evaluation of the relation between circulating VEGF-A
levels at baseline and treatment outcome having been
performed in most cases [6]. Although a few studies
have detected a significant correlation between the
baseline serum concentration of VEGF-A and the
outcome of antiangiogenic therapy [7], many others
have not. The inconsistency of these results emphasizes
the need for evaluation of predictive biomarkers in a
dynamic manner—that is, before and after the onset of
antiangiogenic treatment.

We have previously described a phase 1I study
(AVASIRI trial) designed to investigate the efficacy of a
bevacizumab plus FOLFIRI (folinic acid, 5-fluorouracil,
irinotecan) regimen as a second-line treatment for
individuals with metastatic colorectal cancer (mCRC) [8].
Promising results were obtained with regard to response
rate (32%), progression-free survival (PFS) time (median
of 11.6 months), and overall survival (OS) time (median
of 21.4 months). Serum samples were collected at various
time points during the trial for measurement of the levels
of 25 angiogenesis-related molecules. We now present the
results of the analysis of these serum samples from the
AVASIRI trial.

RESULTS

Patient characteristics

Serum samples were available for all 25
patients treated with FOLFIRI and bevacizumab. The
characteristics of the study patients are shown in Table
1. The median age was 62 years (range, 38-73), and the
male/female distribution was 20/5. The overall response
rate was 32%, with 8 patients showing a partial response,
15 stable disease, and 2 disease progression. Median
progression-free survival (PFS) and overall survival (OS)
were 11.6 months [95% confidence interval (CI), 6.9—
16.4] and 21.4 months (95% CI, 12.0-30.8), respectively.

Circulating levels of angiogenesis-related
molecules before and during treatment with
FOLFIRI and bevacizumab

We examined changes in the serum concentrations
of 25 angiogenesis-related molecules between before
(baseline) and after the onset of treatment with FOLFIRI
plus bevacizumab (Figure 1). The baseline serum
concentrations varied widely among individuals, with the
values for VEGF-A, for example, ranging from 13 to 907
pg/mL. Significant changes in the serum levels of various
molecules were apparent at various time points during
treatment compared with baseline (Figure 2). Of note,
the serum concentration of VEGF-A decreased markedly
after the onset of treatment (from 337.7 + 244.4 pg/mL at
baselineto 1.9+ 5.0, 5.6+ 12.6, 8.2+ 17.5, and 7.3 + 20.8
pg/mL at 1, 2, 4, and 6 months, respectively; P < 0.0001),
whereas that of PIGF showed a pronounced increase (from
4.1 +£3.4 pg/mL at baseline to 17.6 £9.0, 19.9£ 7.9, 21.9
+12.3, and 24.4 + 10.8 pg/mL at 1, 2, 4, and 6 months,
respectively; P < 0.0001). Given that these results were
obtained with paired samples from the same individuals
at baseline and after the onset of treatment, the observed
changes were likely attributable to the administration of
FOLFIRI plus bevacizumab.

Serum concentrations of angiogenesis-related
molecules and PFS

We divided the patients into two groups on the
basis of progression-free survival (PFS) time. Given
that the median PFS for patients with mCRC treated
with chemotherapy plus bevacizumab in the second-line
setting was previously found to be ~7 months [9], we
dichotomized our patient population according to a PFS
of 7 months (responders, >7 months; nonresponders, <7
months). None of the 25 molecules examined served as
a predictive marker on the basis of the baseline serum
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Table 1: Summary of patient characteristics and AVASIRI trial results.

Median (range) age of patients (years) |62 (38-73)

ECOG performance status 0/1 16/9

Male/female 20/5

Primary lesion in colon/rectum 12/13

Prior treatment with/without FOLFOX ] 16/9

Overall response rate (%) 32 (90% CI, 17.0-50.4)
Median PFS (days) 349 (95% CI, 207-491)
Median OS (days) 642 (95% Cl, 359-925)

Abbreviations not defined in text: ECOG, Eastern Cooperative Oncology Group; FOLFOX,
folinic acid plus 5-fluorouracil plus oxaliplatin.

N=\L25N\L=25N\L:22 N\EZ? N\L=18 N\L:S
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Figure 1: Flow diagram for analysis of the study subjects. Paired serum samples were available for 25 patients at baseline and at

1 month after the onset of treatment, for 22 patients at 2 months, for 21 patients at 4 months, for 18 patients at 6 months, and for 8 patients
at the onset of progressive disease (PD) or last follow-up.
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Figure 2: Serum concentrations of 25 angiogenesis-related molecules at baseline and at 1, 2, 4, and 6 months after the

onset of FOLFIRI with bevacizumab treatment. Data are means + SD for the numbers of samples indicated in Figure 1. *P <0.05,
+P < 0.0001 versus the corresponding baseline value (Student’s paired ¢ test). All values represent picograms per milliliter.
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concentrations, whereas significant differences in the
levels of various molecules [including soluble VEGFR-2
(sVEGFR-2), interleukin (IL)-8, VEGF-A, and VEGF-C]
at various time points during treatment were apparent
between responders and nonresponders (Table 2).

Relation  between  FOLFIRI-bevacizumab
treatment and changes in serum VEGF-A level

Finally, we investigated the relation between
changes in the serum concentration of VEGF-A and the
duration of treatment with FOLFIRI plus bevacizumab
(Figure 3). Several patients manifested an increase in
the serum VEGF-A level around the time of disease

A

Responders
. (N=16)

VEGF-A (pg/mL)
VEGF-A (pg/mL)

0123 456
Time {months)

3
gL’-’W‘
2

&

w

&*:.,__wm

progression relative to the lowered value apparent after
the onset of treatment and during its administration for
several months. Of note, four nonresponders showed an
early increase in the serum concentration of VEGF-A
(cases 17-20 in Figure 3B). The PFS of these four patients
was significantly shorter than that of the other 21 patients
(200 versus 373 days, respectively; P = 0.009, Student’s
unpaired / test), suggesting that an early increase in
serum VEGF-A level subsequent to an initial decrease is
predictive of early resistance to bevacizumab. On the other
hand, the serum concentration of VEGF-A remained stable
at the time of disease progression in other patients (cases
13-16). Patient 15 continued treatment with bevacizumab,
in combination with a different chemotherapy regimen
(mFOLFOX6), beyond disease progression.

Nonresponders
(N=9)

2 3 4 5 86
Time {months)

0 1

e

Figure 3: Analysis of changes in the serum concentration of VEGF-A. (A) Time course of serum VEGF-A level in responders
and nonresponders. (B) Time course of serum VEGF-A concentration in relation to the duration of treatment with bevacizumab plus
chemotherapy (gray bars) and the detection of disease progression (black arrows). Cases 1 to 16 and 17 to 25 correspond to responders and
nonresponders, respectively. The vertical and horizontal axes represent serum VEGF-A (pg/mL) and time (months), respectively.
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Table 2: Serum concentrations of 25 angiogenesis-related molecules at baseline and at the indicated times after the
onset of treatment with FOLFIRI plus bevacizumab in responders and nonresponders. Data are means + SD. The P
values for comparisons between responders (RES) and nonresponders (non-RES) were determined with Student's unpaired t
test; those of <0.05 are shown in bold.

Serum concentration (pg/mi}

Baseline (N = 26) 1 month (N = 25) 2 months (N = 22) 4 months (N = 21) 6 months (N = 18)
RES nonRES P vaive RES non-RES P alue RES non-RES P value RES non-RES P value RES non-RES P value
TGF-B1 164 £ 33 149 * 46 0.443 145 + 39 138 + 46 0732 142 £ 32 159 £ 70 €594 151 £35 121426 0.067 157 £ 28 123 £28 0.086
TGF-p2 122+3 23 0818 103 103 0981 114 12+£2 0379 11£3 101 0.362 13 9=x1 0176
SEGFR 13 3 14+4 0838 133 144 0571 13+3 15+ 4 0241 13 +£3 16+3 0.190 14+3 18+2 0.018
bFGF 146 + 38 159 £ 26 0.352 150 * 47 167 £33 0346 149 + 35 182125 0.031 149 £ 40 177 %28 0.11% 157 £43 185 £ 39 0.156
Follistatin 736 + 310 766 + 198 0.783 627 + 257 603 £ 143 0.778 664 £ 206 860 + 388 0.284 820 + 202 745 + 185 0.242 656 + 227 697 £ 131 0.004
G-CSF 81+ 11 B84 +10 0610 83+ 10 62+8 0947 82+7 60 %11 0718 65 + 10 59 +12 0347 64 + 10 85+ 18 0966
SHERZ 3697 + 920 3914 + 811 0.580 3645 + 971 3906 * 599 0443 3615 £ 917 4207 + 308 0.040 3737 + 840 4148 £ 1011 0443 3700 + 856 4686 + 420 0.010
HGF 1222 + 279 1470 + 303 00893 1155 + 325 1332 £ 289 0218 1157 283 1680 + 674 0131 1201 + 274 1509 + 422 0103 1289 + 362 1621 + 573 0110
sll-6Ra 7883 + 1714 6899 + 1465 0.183 7037 + 1562 5005 + 825 0.035 6981 + 1672 6007 + 700 0.104 7020 £ 1616 6265 £ 2505 0.555 7134 £ 1715 6815 1467 0.727
Leptin 1808 + 1048 2038 % 1364 0475 4704 £ 1045 2119 £ 1237 0.487 1765 + 912 2054 + 1502 0680 1823 + 702 16825 + 805 0840 1903 + 836 1379 £ 455 0133
Osteopontin 54121 50+ 18 0582 58 + 20 61+ 16 0.665 57 £ 17 8721 0366 54 12 67 £ 32 0441 65 £31 95 + 86 0538
PDGF 6297 x 2439 6488 £ 1321 0812 4978 + 2276 5095 + 1460 0.884 4770 £ 2124 5874 % 1753 0.246 5224 + 2244 5372 £ 1825 0885 8095 2085 7582 £ 2702 0.365
PECAM-1 3034 + 749 3116 + 469 0.753 3018 + 748 3081 £ 548 0.823 2959 + 544 3284 + 287 0072 3211 £ 785 3468 + 323 0317 3097 + 760 3857 £ 711 0121
Prolactin 10 £ 17 105 0964 98 115 0.451 1+9 15 +9 0374 10+6 13+8 0450 84 28+18 0.159
SCF 207 + 55 210 £ 44 0892 218£62 23671 0587 218 £ 55 249 + 55 0.270 226 £ 55 276 + 91 0.297 227 +61 27920 0.016
SANG-2 84 10£3 0.139 T4 923 0292 7+4 102 0.030 Tx4 113 0.027 8+4 123 0.082
SVEGFR-1 289 % 138 289 + 67 0997 282 £ 168 268 + 67 0774 261 + 133 358 + 148 0.199 284 123 324 120 0368 275 + 140 344 + 68 0.201
SVEGFR-2 2128 + 873 2388 €62 C.445 2067 £ 917 2338 £ 785 0.483 2001 + 750 2567 + 799 071 1995 + 792 2794 x 418 0.012 2004 + 887 2936 + 473 0.020
EGF 50 + 34 26 +28 0.097 38 +30 31+28 0628 58 £ 32 3121 0.038 59 + 39 5637 0.861 59 £ 40 62 £ 43 0.882
HB-EGF 44 + 14 4224 0.897 33 +13 38£26 0966 40 £ 13 48 + 32 0573 43 £ 14 3Bxg 0.138 46 £ 15 3B x12 0.183
-8 14 +15 24 13 Q115 106 1927 0.027 8§26 i 0.109 8+6 15+10 0216 9+6 18+10 0165
PIGF 4+3 54 0635 17+9 209 0473 19+8 196 878 187 34x18 0127 22+8 3Bx18 0.246
VEGF-A 3331295 351 ¢ 143 0.842 123 4:6 0228 01 2018 0.046 01 322 0.027 01 4238 0.198
VEGF-C 23+ 16 2316 0995 15 +15 1627 0813 16 £ 13 27+12 0.082 17 £12 28+8 0.047 2116 2511 0.603
VEGF-D 33 1:2 0235 4+4 142 0083 5+4 426 0626 5£8 65 0713 66 7+8 0.765
DISCUSSION suggest that the antibody suspension bead array system

The introduction of novel molecularly targeted
therapies, including antiangiogenic and anti—epidermal
growth factor receptor (EGFR) agents, has increased the
options available for treatment of mCRC [9]. At present,
bevacizumab in combination with fluoropyrimidine-
based chemotherapy is widely recognized as a standard
treatment for mCRC [3, 9, 10]. However, no biomarker
has previously been identified as a predictor of benefit
from bevacizumab treatment, with the identification
of such a molecular biomarker being a current priority
of clinical research [11]. In the present study, we have
addressed this issue by measuring the serum levels of
multiple angiogenesis-related factors both before and
during treatment of mCRC patients with bevacizumab
plus FOLFIRI.

Most previous studies have found that the circulating
concentration of VEGF-A, as measured with standard
enzyme-linked immunosorbent assays, increases after
the onset of antiangiogenic treatment [7, 12-18], whereas
more recent studies have shown a decrease in VEGF-A
levels after treatment onset [19-21]. We have now shown
that treatment with bevacizumab plus chemotherapy was
associated with a rapid and highly significant decrease in
the serum concentration of VEGF-A that was independent
of the baseline concentration and which, in most cases,
remained apparent throughout the duration of therapy,
similar to the results of a previous pharmacodynamic
analysis of angiogenesis-related factors [22]. Although
it remains unclear whether circulating VEGF-A in
individuals treated with bevacizumab is free or bound to
the antibody, given that bevacizumab is administered at
doses high enough to give rise to such binding, our results

adopted in the present study measures VEGF-A that is free
of bevacizumab.

An initial decrease in serum VEGF-A level was
observed in all patients of the present study. However,
some patients manifested a subsequent early small but
definite increase in this parameter. This latter finding may
be related to the assay measuring free VEGF-A and may
therefore reflect a compensatory increase in the circulating
concentration of this factor. Our observation that the PFS
of such patients was shorter than that of the other subjects
suggests that the development of acquired resistance to
bevacizumab treatment may be driven in part by loss of the
ability to suppress the circulating level of free VEGF-A.
VEGF-A promotes the survival of and increases resistance
to chemotherapy in cancer cells. Chemotherapy acts as
an “accidental” antiangiogenic therapy (action), whereas
VEGF-A and other proangiogenic factors recruit new
endothelial cells and protect them from the cytotoxicity of
chemotherapy (reaction) [4, 23]. Bevacizumab is thought
to block this reaction. From this perspective, our results
suggest that an early increase in VEGF-A levels after the
initial decrease is a potential predictive marker of reactive
resistance to bevacizumab that results in a shorter PFS
in patients treated with the combination of FOLFIRI and
bevacizumab., '

Despite the predominant role of VEGF-A, multiple
other factors contribute to regulation of the complex and
highly adaptive process of angiogenesis. Investigation of
potential biomarkers other than VEGF-A is thus important,
given the role of these other factors in tumor angiogenesis
and vessel maturation. However, only a few studies
have previously examined multiple angiogenesis-related
proteins during bevacizumab treatment in a dynamic
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manner [22]. We have now detected significant treatment-
induced changes in the serum concentrations of several
angiogenesis-related molecules including PIGF. Previous
biomarker analyses also described an increase in the
circulating concentration of PIGF in response to VEGF-
targeted treatment [12, 14, 15, 17, 22]. Indeed, targeting
of PIGF is under consideration as a novel approach to
prevent tumor escape from VEGF-targeted therapy {24].
However, we did not detect a significant difference in
serum PIGF levels after bevacizumab administration
between responders and nonresponders in the present
study. A previous study also found that the combination of
antibodies to PIGF and those to VEGF-A did not yield a
greater antitumor effect in vitro or in vivo compared with
antibodies to VEGF-A alone [25]. Our data thus suggest
that the increase in circulating PIGF level observed after
the onset of bevacizumab treatment does not play a major
role in the development of resistance to bevacizumab in
the clinical setting.

On the other hand, we detected significantly higher
serum concentrations of several angiogenesis-related
factors [such as I1.-8, soluble angiopoietin II (SANG-2),
basic FGF (bFGF), stem cell factor (SCF), and VEGF-C]
in nonresponders compared with responders at various
time points during treatment. Resistance to VEGF-A
pathway inhibitors might occur through VEGF-A-
independent mechanisms, such as up-regulation of other
proangiogenic factors [26-28]. Given that targeting of
these molecules may provide a basis for novel approaches
to prevent tumor escape from bevacizumab treatment,
further analysis of multiple angiogenesis-related factors
in a large number of patients is warranted.

In conclusion, our present results indicate that an
early increase in the serum concentration of VEGF-A after
the initial decrease may be a potential predictive marker
of a poor response and reactive resistance to bevacizumab
plus chemotherapy.

METHODS

Patients

The main inclusion criteria for the present study
were the same as those previously described for the
AVASIRI trial [8]. In brief, they comprised a histologically
confirmed diagnosis of colorectal cancer; failure of
first-line treatment with 5-fluorouracil- or oxaliplatin-
based chemotherapy without bevacizumab or CPT-11
(irinotecan), measurable disease according to RECIST
(ver. 1.0); and metastatic disease deemed unresectable
at baseline. Enrolled patients received biweekly
administrations of the FOLFIRI regimen, consisting of
CPT-11 (150 mg/m?) on day 1, given as a 2-h infusion
concurrent with leucovorin (folinic acid, 200 mg/m?),

followed by 5-fluorouracil given by injection (400 mg/
m?) and then as a 46-h continuous infusion (2400 mg/
m?). Bevacizumab was administered at a biweekly dose
of 10 mg/kg before the FOLFIRI regimen. Treatment
was discontinued in the event of disease progression,
unacceptable toxicity, or withdrawal of consent. Patients
underwent a computed tomography scan after every four
cycles of treatment for evaluation of tumor response. They
provided written informed consent to receive the treatment
and to participate in translational analyses.

Sample collection and analysis

Blood samples were obtained from all assigned
patients at baseline (before the first dose of study drugs)
as well as at 1, 2, 4, and 6 months after the onset of the
treatment protocol (Figure 1). In addition, blood samples
from eight patients who received the study treatment
for >6 months were obtained at the time of disease
progression or last follow-up. Serum separated from the
blood samples was stored at —80°C until analysis.

The serum levels of VEGF-A, VEGF-C, VEGF-D,
PIGF, epidermal growth factor (EGF), 1L-8, and heparin-
binding EGF-like growth factor (HB-EGF) were measured
with the use of a Milliplex MAP Human Angiogenesis/
Growth Factor Magnetic Bead Panel (Merck Millipore,
Billerica, MA, USA). Magnetic antibody-conjugated
beads were subjected to ultrasonic treatment for 30 s and
then to vortex-mixing for 1 min in order to reduce bead
aggregation. All samples, quality controls, and standards
were prepared as recommended with the supplied diluents
and were processed in duplicate batches. Assay buffer
(200 pL) was added to each well and then decanted. Each
sample (25 pL) and the prepared beads (25 pl) were then
added to the wells together with buffering solutions. The
plate was sealed, incubated overnight at 4°C, and washed
three times, after which detection antibodies (25 pL) were
added to each well and the plate was incubated for 1 h
at room temperature. Streptavidin-phycoerythrin (25 uL)
was then added to each well, after which the plate was
incubated for an additional 30 min at room temperature
and washed three times. Sheath fluid (100 pL) was finally
added to each well, and the assay plate was analyzed with
the Luminex 100 instrument.

The serum levels of transforming growth factor
(TGF)-f1 and TGF-B2 were measured with a Milliplex
MAP Multi-Species TGFB 3-Plex panel (Merck
Millipore), whereas those of various additional factors
related to angiogenesis were measured with a Bio-Plex
Pro Human Cancer Biomarker Panel 1, 16-Plex (Bio-
Rad, Hercules, CA, USA) as previously described [29].
The latter factors included soluble EGFR (sEGFR), bFGF,
osteopontin, PDGF-AB/BB, follistatin, granulocyte
colony-stimulating factor (G-CSF), platelet endothelial
cell adhesion molecule-1 (PECAM-1), prolactin, soluble
human EGF receptor 2/NEU (sHER2/NEU), hepatocyte
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growth factor (HGF), SCF, sANG-2, soluble IL-6 receptor
a (SIL-6Ra), leptin, sVEGFR-1, and sVEGFR-2.

Statistical analysis

Serum factor levels at baseline (pretreatment) were
compared with those at 1, 2, 4, or 6 months after treatment
onset with the use of Student’s paired ¢ test in order to
evaluate the significance of changes induced by the study
treatment. The relations between treatment efficacy and
serum factor levels were analyzed with Student’s unpaired
f test. A P value of <0.05 was considered statistically
significant. All statistical tests were performed with SPSS
version 14.0 software (SPSS, Chicago, IL, USA).
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WEHEE (2014) BENEEEOTFAL ¥ &7 — 7T | BEOBERNEBR & £
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©2014 HEHEEFFERT

PEER & W 72219 & £ ORETRITT R

%ﬁ iﬁ%l * %[17% 4Ln\($ %V‘] i)bd
(4201349 H20 8 s %ET12 A 10H ; IR 12 H 16 AH)

= =

WAE, BROBPAWEB OGP Y X 7 OB 24T S 729012, EEIhEF—¥
A EESREMANLZEET— 5 OFHAIERICR o TETWS., EBEFHFIZBWTYH, KFK
DEAERR OB L EE  FHODRRLHEL OEROBBEWEE * Z R LB 2 28D
ZeEERSR, BT —F 2 EFVICHARAZRE) A7 OFEEDRAR, TROHICHET S
M FETREBEENBE LI IR TETVAS., AFTREMT— % 2 HW 2w Dh DEFH
ROHEBAZHAL, TOFRTHVWLNSE FELHEDOEDFIZOoOWTEHHT 5.

F—U— K M-y, R, RN, SOREMIE, SO, HANR.

1. FU®IC

LH, RAOETLNICEIML LZHT - T 0DSEN TS, TOLMITITRHEMICDE S
NTVBEF—7bd oM, TOMNRLEIBEINT, BRFICIEINTLE>TWE 30D
HbH. REZIRERLEDT—FITEHLZDIDIL VY, ZOFroFHLEREIY KT
L HBREORRLEBRLZOMN IR DOLEZ OGNS, FHICELDLNE DT TR
B, DEISLTENEFTEHEIN TV AHOTF— 3T THHTAZ LT, VAR
RIEBRPBONEILIDHSE, LRTHEROBHEYEEFRPEEY X7 OMIBREIEZTS 72
DI, WEENAT—FITNEEREMNMLAZZMT— % OFHENEEERICR>TETWS
(KB, 2012). 727 —% 2o/ ONBERPBMEIIHSE R —BTTRICEBAS I LPEET
HDBH, HEAPLZINOLDOF—FIZHELTWARVEIZE 5 TE, TORFER R Tidsek
THETALZLIFELY. 20D TORBWZAMOBIER, RIBICE 72095 KBHERK
ETORRILEIZ B Tid GIS (geographic information system: HIFZERIEHR S A 7 &) OF|H
DIRWTHSHH, € THMNEFHRILEL 25T 5 (Lai et al., 2009). FEBE, Tk 24 4
(2012 ) ICBUOE S N7 KEWNRERFBEOF T, KERBXNE 2D OBFRONER MEEFIC
BOWTREERSNREEZ I HEEZHEROBERIIZORITNI RO 2w, [KEICHET A1
WMEAL, HEICEE L TRERSNROERIBDORIThE o] EiEshs i l, B
FEHFIBTHZEZHBEROMNHOBEREDSRBRIND L) IChoTETWA. AHERICE
\F BHEBEOBES EREERIZONWTOHIZEL b ERSNHEEHRICBNTD, EEZH
LDEMT—F EHWTZMETEATETBY, FISEROBERR ORI 2 iE&2E - ZEE i
WBL72Y, e OEROBIEHETZER LIRE, SO6IZOFRORMERREE2IKH 2%

1 4B RERER EERFERHEYREI S0 | T 466-8550 BMELA L BHIBHIXBE 65
PRGKRE THEIPABHRY X7 2 TEH | T 870-1192 KAGEKSGH BB 700
3 E T BRIEATAET B REME Y VY — | T 305-8506 HIRED XTSI 16-2
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£ 1. 70— VRICBTHEEO 2003 FREERESREE IR, RO - BT,
7 b URCHERT S 7z 2002 SEREEL

v -2 e FETH EREBT TR HRIRE A Mo HETO
BT S ¥ (2003 ) * (/100 77 A) (2003 4E) »*  FBEEDBEENK

(2003 A8 (2003 4F) * (2002 ££) **
UiLds 15,436 31 0.39 11,600 16,400
pegid 6,904 29 0.34 4,300 5,400

* +3 - Bibde (2006) . BEROTECER T -2 Ty s
*ox Bl - LHE (2008) | R 14 HREREIC L SHBOEHRRT -2 T v o

MEEEIGER & D720 OMEHHNT FIE B IEH &N b £ ) 12% - TE TWw A (Waller and Gotway,
2004; Schabenberger and Gotway, 2005; Lawson, 2006; J3#% 1, 2007; Pfeiffer et al., 2008). L
1 LEBICEM T — 7 2 W BRI 2T o 72 LS AR E T E 2V THA ).
FRICINF TRMT—FRMET— 7 2o 722 R 0EIE o TE, PIZISHE - BELR
EOHMRE LW RED, 28I VW) T BB RLDO0EERDLP LT, Fhpze
W7 — % & W7 R T 5 12H 725 TOFWWBN—= FVIZh > TWED TR RV L
Bbhsb.

FITARTIRZEN T — 7 2 2w opOREMEOFHZBAL, TORTHOR
5 EWROED FITOWTHEHREIT) & & T, EBROBEHEOL ¥ M 25 272\,

2. BFRREOES

AFITIEREM T — 8 & AWTZEROEATIIEOFM E LT, Keeh R MR BB SG 2 R
FFE RO, KORPNICB T 5 28I RI O HURBRIE DRRES, CIEREEE L5
IWE B E B ORI EREORE, 4 6 T HARICE T 5 BUtE > v A RERE OHEST
B AR E M LD S, TTTHWONET—%, RREREORERET VE W
HEET I E ORI, MR L X ORI OV TR 21T .

2.1 HSERE (HR) BESAEIAEE B it

B OSSR ER BER OB 21T Z Lid, TORBOBMEPRZ 59 2 TRERE
HRIETHH., BRIIBITATEORIBILEIZOWTIX, NOBRBKEHC L A THEELRE
DITBCERZ W REPIT bR T &z, — TR ICB W TERZBERD 7 — 7 23iLEY
LHZLIIRBETH Y, TN CEEEERE, BERELZ I L L T AERFEIC X B, 5
ERBERTRELITFER DT, FEEHRE V) 2 EFBEROHRE LTHY O, K
HATbNTETWS, BIZIT2003FEZ O — FIER L TALEBRIEIE 1L HITho
TWwiz,

0L, BUE, EAYBAREETBERERNICB VT, £ GBI, 5, ERbERk
B B L OHEERFEG G B, WD IR 8N F—y PR ENTEY, BHOLHIE
Bi2BWTH, BEBIRDE—2oDHZE LTHHEN TS, —J, Pk 13 4E (2001 4E) ~
15 4 (2003 4F) B2 BV Tl i - ZARREZEREICB VT, REFB ORI A S
NTw5, T TR 15 F (2003 ) EEEDO 70— VRICBIT 2iEEREME LT, 2
FE T2 A LRI o W ORENT 5 (13 1, 2012).

2.1.1 &KX
SRV FRERIE 20X BF—FI2hoTwhb., LBUHUEEDT— ¥ TIIEE 566
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NERHR T AV 722RERTZE L € OMETY T 3 5

# 2. 2003 EENERBRERSEEIITREE, RE, & - FREwRN.

I 01— 5K
R EFR WE O0-9% 10-19% 2020 .- 60698 TOMME
o0 =H 6,904 14 320 1,787 .- 551 383
01 JkiEE 425 1 29 142 18 23
0110 FLIRTH 159 0 9 53 14 6
0136 /MBTH 7 0 0 4 0 0
0137 HILEAH 26 0 0 9 1 2
0138 fBJIIT 37 0 2 12 1 3
0 2 2 0 0

0151 L5 11

PAEFTEE (2 LERTIZ 1 20REF & LTHE) ToLEB S Twn.

BET — ¥ CEOHEHEN 217D 8o 7o TiE, ¥ TRZOF— 7 OBFR2HENICEE
FTHIEPEETHS., — WL TFT—F7 TR, BAICEA NI AREAMEEICE 5 TF—
YOS DORT2BETRETHH I I, BROBELEDERT—2IZBWTLZD404
DOFFZIBBT L L, BDEERWPOEELRI L THA. ‘

L2 LHIS B 24T 95 B4, BMICBIBOAEZ ZE, ZOBIZLRADDE WHLIRIZ
EEL R AEMDD L. PRI L o TRZOBBARON - EHERIZEL5252 L
bdY, HMICBHEPXEhZ AOH7:0) OB, FLRCTHNITLTRHREZ E22) THE
ZITH L RBYTIR AV, ZITERREDBEZIY BRL 20ERLEN) A7 ES
AV ERBRELCFHEENS. 20201213, $FEEEF B2 ITEALE L L) OFER
A OREEEFVEL 252, HRICBWTIRERABICIAAOZESHBETE S, F2
DF—F BT HHEIE, HHEOLDARSEZEEENL LT 1HHOFRHREHE 0-9 K
TEZDL

(HALE 0-9 ML TOBNE) /(HAREE 0-9 LD AL
TO9REBEDOANOD -V FRFER P, A EIETE L. Th2RERER K 2 DBE, s BR)

TRD L., RICHRE 2 H5HBOERMBERALT T — 5 ZRABRICAFT 5. 4, Hi TOER
Bk j OND%E 0D L L7zt &, FEBRORE J LT

J
€; = Z’I’Lgl)Pj
j=1

% HUIE 0 2B T B IR GHAREIED) v . S BERER CREEM L R LE4 T
BAENWI2LT5 L, ZOBRTIIHTADHRESEHU SIS PRSI E 2 E v EIC
HBHILEERL, TORBEROEREREZZELIEL 2o T,

Hik OB E & & Lz E, TOMEEE e 2HWT

(2.1) SMR; = d;/e;

% SMR (Standardized Morbidity Ratio) & V39 (BRIEAHFE T E DA 121 Standardized Mor-
tality Ratio & L CHE¥ALAE T EEN S, & Z TIRBBIED TR D 72D Morbidity % H
W/z). TO SMR & HWEFBEIIERS S X CHWLN TS, £ FAKIC SMR O
BELLTOMERDHLOLNTVS, —FOMEIX, SMRZZOMBMOANODKE SDOFHE
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VT, RSN OA L WHIE TlE SMR OFIIAREEIC R D, ADORL 5 HRITHTo
HWIRILE 2 LICFH L TV B EIZVARWI L THE. DT &iE, ZOEKT L2 KAl
FHHEM O 2 SO NI S TH 5. Wi, Hiddk : OB AHERL D, 7ol
Bd L L, HALTRHOIEAE) AT 2 RHERHD ) A7 LT 5 L 2F Z, Mg DFEHER
FHCxhd 2100 A 7 (relative risk, RR) % 0; &35, —ISIECE R 1 U IR 22384k
YL Poisson DAFNHE D EAEENAH DT, Ml i 2L/ EFHCU X7, 0, =1, /T
X, M o COBIMEIIIEERI O U A 7 22 B EHE S N FEBUE e 2 JURHE L 35 Poisson
SACHED . b L, Mg DREHERF LD U R Z7HK(0; > 1) B S IA(0; < 1) THILTEIN
B A (XIWEFHEPE 0:e; % b D Poisson 554l

(2.2) D; ~ Poisson(f;e;) (D; & Dy (i #4") (3M037)

LIRETED. Z0) AT, AV A2 (01,...,0,) ERMOEBEER, 6, ORAHMER ),
ZRDIDDOHFQUDRERD, OF DEXTIIHNY A7 ORLHEEMEZ SMR & E&E L TW
HDTHDH., TOZEHhDIHEER 0; DFEHERIEL ¢, [ UTEATHZ Ed%ba Y, HRATH
Yfr 7 EAMIRONITOKRE LR E B BRA 37 O IS AT L HEL Tw
HIEL EE AR D, EOROMEY R (61,...,0,) &AL ZFRICHEE T 5 HESLIE
LIZFH s Tw5B. LFN L Poisson-Gamma B F IV Tl

Dy ~ Poisson(b;e;), 0; ~ Gammala, 3)

EEZ L. FRBAHEDINT A= o, f OHEBITIERERAR A Lk T VRS, XgER EPHV DS
NhH, T, EOICBHLRA ZETFWVICE DY A7 BEOHE HITbI T w5 (Lawson, 2006,
2013).

CETIREMNES 0= UROFRZHICOWT, HASE % RHEER L L L X OBERFEE
A, BRAETREEHLAT T O SMR @ Poisson-Gamma & F W K HIREERAR A XHEEME 2K, HX
WORL7Z2 (K 1), & 2 REFTE B COMITIC B W T SMR DR A ZHEEMEDTE W EAL 10 48
T & R 3 12F T2, hBREFIEEOFRBEEIAITE, ZOoBFBICEETNIHRITHOA
OEEGELADDEHV. R3DE ) ICHMICEEZ FT0EEZ R TH b2z BB T
ERVAS, HEICHI 2L THERE T IIEER O M B NMEE & o TR AT
PHUBTE 5. S5IHEFTEE TP AL Z LT, #l23RF UAiEEAN T IElH 5
CENBETEL, —HT, HRTREROKEVWHBSHEY > TLEW, FZTHEFEELEE
PR VIR LW EFEMIOPOR. T220RBKORD FRBFTOEELHY, BEIC

# 3. SMR (R4 ZHEEMH) O AL 10 FRAEEFT.
BUAE  EBFSERE SMR (N A XHEME) (%)

KA IR T 415 24.72 148.06
T8 T R AR 37 19.78 146.21
Rl AR 39 21.87 143.55
E SRR 43 24.73 143.27
A AR 24 11.48 143.24
BEARTH R BAT 61 37.97 141.52
BB R 26 13.20 141.30
FREFRREBR 15 5.74 139.87
e TR AT 83 54.69 139.22
HEREAR 19 8.80 138.79
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M 1. SMR (REERNA XHEEME) ORMMR  MENREM (£ L), REFTFEEEMCCH).

Lo TRBRoZHREERATLE) L DD HD, BREALIBEICIIFRRL BEIZE
2T RLEND 5.

2.1.2 EE

ZRBEZOEN TEZ AW RR OHEE L ZOHEET TH BRI X - THiRE#ROB
BOmBREAZLERMTIENTE L. EBE, OB TORFE T 25, KEE
ICHIB S BR DRTFPEBTE. T2, ThoORBHANZEBE LR, HRELTW
AEHRDOY A7 OEVHEIE (D L AIHMEWHIR) A5, HABEOBBICER L TWBERES 2%
Bt 2 RREREORE EH B 21T 2L TE 5 288K, £E, Lito7r—
FIZHIRAT B2 3D < flexible scan statistic (Tango and Takahashi, 2012) (PAF, Flexible
Scan L&V )) R BH L TN 21T o728 25, i) AERBUERT 2 &1 29 BRAEFT (p = 0.0001),
i) ALIR T AR 2 & te 9 ARMETT (p = 0.0004), iil) LI THARERT % & e 7 MR (p = 0.0188),
D 3O DEEBERERMIBIBRL I 0.
—HTCIITHWT— Y IMFERTH Y, MELERTOBBRTERL, ZhHol
WIRERBHLILIELIONS., TORIZBVWT, IOLOKEEOBROBIZIE T 2ER
PLETHAH. LHrLEE, FIiRERLFELAHENLTBY, ThH0F—7 & Hvi-HhiRth
BB3AHTHELEEZONS, 51, BHELEF—7 2HV, XVEELZBETOMRNRZ Y
HET LMD, TNOOF— % 2HMIER L@ 21T, €0 LT, EROBITHERED
BRIV THEROBEMR 2 L LM ZRE 24T 2L T, SBROERMEREICEFSETES
bOLEZONS.
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2.2 KPBEAICS 23R FMBEERRORBERME DRSS

A8 5 o 5 R e S e DR 2 LT A D AT, AT O 1 M R L 78k
P, 1 EDOMIE LY SR T &S e i) oy (A BESE, BiEE, RMTE),
M DOAEMRLYERN, RIS OFGRER L L O N E & IS, FSEE o Bk, Huisg,
K, 7% EOBBICHT AEMAEHO NI T A EREERIETH L. SR OIS HEHIH
T AL, MGG v & — QITARDA) (2 & 0 08 HF AT <2 B $8 se # 1l BLAL o 57—
53 O OEH 2T G b BB TH RIS TRAI S TWwS ([ F vy, 2013). —H,
WL D OFBEHFIR TR XM YA TE L O ORI D A SN TWw S,

AR CIRAFICR S EPNC B A HE A (5 DL L. DI E By s & K50 12 X B2l 3
HH L, P94 (1997 4F) ~18 4E (2006 46) (WA TIE L2 A8EFHE o ¢, HEBESRES
DI H G RT CISEER) OMIRILE A 4T . 7—F & L TR S (2010) L FARIZ, K
ALY 18 THETAS I 3840 A FHAEHRT 10 4F 1 C OSSR 1WA 5 o B By B AR e i (&4EH) ©
WER, AR ERERD (F4). B, T TOREBITIHIEAR 24 BRI DN TOE
COARDHYT  NENTBY, REFRAER T A IMUTE 1B THBERA SN T
Wh. TR =1,2,...,18) DREEE 4, RIMEEEEE 1 & L, FROXGRAeHE
ZIEHEAER & LTE R, MR B HHHE ¢ ® RR %

Z:il di
z;i1 i ’
ELUTRMEL, $RICBEDER LT HBRDH 5 2, FREFREOREIZ L D21 .

2.2.1 HREBMEOKRE

RR; =%
€q

€; = Ty X

HIFEDOWIBIZHER LT HEDOTEEWILEEDNLZ LV H L. b LI DOEFOFRENEHR

£ 4. KGBEPNIIBWTRA L AU B 5 BIHS (BB L) SE B O ER, wiF
AT, RHFRAHE 10 5 AR (1997 4£~2006 4E).

FEER  RIRRFER (TAS)  SRIAFER 10 HANECER

Koy 99 2,834 3.5
BT 14 718 1.9
R 36 509 7.1
HHTM 43 467 9.2
AT 38 508 7.5
B 20 280 7.1
WA RT 3 131 2.3
HwETH 11 170 6.5
B EET 18 154 11.7
HrfEm 21 199 10.6
FiEH 52 379 13.7

- ¥ PN ] 31 266 11.7
ek gl 25 214 11.7

E3) 4] 25 208 12.0
BN 0 14 0.0

B H#y 18 163 11.0
JLEAT 19 70 27.1
PATRHT 12 115 10.4
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ER) LTwar T, 20oBBICLZALPOERPHL0D kv, ZOFRKEIHT
BOLDOTHE,D L. b LRHOKREIBIE S NHEI10E, SR L F.0ICHE
2iTv, ERZHELZDAEZE LA LPUEL2E7259., LALINS OFEFEMNZ
URLIETHPTERLTVEP? ENEDIEEWICITODVTVREN? ], SHIZERLTY
5L L THI DM T TH ? 2 HARENICHET§ 5 720 CRFEBITRT, EEBZOHE
DBEELWEHEDID RV, ZZIXRREREOAEZZBRNICIET 50 HENLEL &
5. ZDE)HLEARY FBIHRBBAO EZNICEREL TV B0 ? | EHKEHYICRE 21T
I FHEE L TERHEREORESEHATE 5.

ERICEMEREOFELRNT 5356101, BIFREN, 77— OBE (A L 0REFRD
9 RBABMORT— %, HREH L OREFRD X 9 RHBENOEETF—5) KB LT
ENENEL o MEFEPREINTEY, Tho 25T 5 5EN D 5 (Kulldorff, 2006;
Rogerson and Yamada, 2009; Tango, 2010). ZZRIEREDKREL, EE%E D THE Focused
Test), —BH LM (General Test) D 2 D250 T 5 T & A% Besag and Newell (1991) 12 & - T
RESINz BRZHTBRER, BETFHREIR CABINGRSORRICEBL RITTLEEZ
N5 MR (BERER RO LT, CORBICERERELD L1ELOREEITH ik
Thb. COFEZHWRENEMEREMAL LT, (470 7B 52 EREERESE L A
B L OBEYE ] (Michelozzi et al., 2002), [ HAD ZABEHIERE LI BT 5 I8 RE I R
EDZ FAY] (Tango et al., 2004) e EHFTF N 5. MEFHEL L TIE, Stone’s test(Stone,
1988), Besag-Newell’s test (Besag and Newell, 1991), A I 7H#RE (Waller et al., 1992; Tango,
1995, 2002) %= £E05H 5.

—7, —BEEHREIR, BEFRERZEEETIC, HRNKFEROF O L I 2EEMEYE
BhHHVPEPOREEITI HFETH L. ZO—HBMWLHREIX, 3 5IT Global Clustering Test
(GCT) & Cluster Detection Test (CDT)® 2 2250 b b, GOCT BRMEREOHEE —
BIICKRET L HFETH Y, BEFEE LTI, EF—%I1Ix LTI, Cuzick-Edward’s test
(Cuzick and Edward, 1990), Tango’s test (Tango, 2007) 2B WEETH v, £EIF— I L
Tid, Besag-Newell’s test (Besag and Newell, 1991), Tango’s index (Tango, 2000) 258 H W #E T
H5BH. CORHERRHCIHREFA L LT, [EEICBT 2/MEHEIE - BiEY v B Z=4£H
POMES] (Tango, 2007) % EH3H 5. CCT TIEIMEINICH B L EZMERNELD 5 LHAKNSh
2L LTH, ZNREDOHBTH L0 IHBET LI LPTELY. —F CDT %, ZHERMED
FEOBE L MR ICEREREIRBDO O NI MBOMEBELRNT 5 HETHL. CoHELH
WeRENRBFZEEER L LT, RELEFOASAETDOS 5 A% DAE] (Kulldorf et al.,
1997), [ERETOFEI DALY TN - X ATHDOZ FAY DEFE] (Cousens et al., 2001)
REND 5.

Z O CDT IZIEAF ¥ YHETBZ HWARENT W DPREIN TS, B2 X RITH BAL
DF—F%EZZ 556, EH(Z752%)Li3 1203 LLRBEROT XM ERE L TTE 54
BLEZDL, AFY YREBICIBAMRETE, 79X OBERHL ZLEE LIZBOV L DD
& D% window LIFTY, [7 A PHELET A2 Z L II[BNESHIFBERRIC RSN, AR
WCH L 2% window DHFAET B EZ BT EHTESL. B[ FAIPFEELZV]IEVWH T
L& TO window I22WT, ZOBMBIIHFBEAME IZRZRALTHL]E VI LIRS,
Hi#i D SMR D#kfw & FAk, BLHIEAS Poisson A7 ICHE D & \* ) Poisson ETNEER B, 5
window Z 2 Z 2T, ZIZTEENLWMIBHADOY AR50z THY, 72 Z OMIOBIRTIZY 22
BOze THHETAH, DF0, P m BOHIBIZFEEINT VL L X, #Bi(i=1,2,...,m)
DEME D; BHERERE L TENZENHILIC
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D; ~ Poisson(fze;) (i € Z); D; ~ Poisson(0zce;) (i ¢ Z)
ThbeHEZ, 7725 DG

IR (2 S AS ML) Ho: 0z =0z (for ¥ Z)
HAARH(Z G AZAEY) Hi 0z >0z (for 7Z)

LV RSBEMEAEZ 228k b,. TOLE, DEDDGEDD window Z WX LTHIE
Y RTEMEDOLENEOMENFEAELTCLE D . £ 2T Kulldorff and Nagarwalla (1995),
Kulldorff (1997) \ & REEHICED St R AN(2) & 2, A MBS 2 DTRTO window Z(€ 2)
DHH S ANZ) DK D b D (most likely cluster; MLC) ¥ L, FDEED 2 %7 FRA¥
DAl & 9 % spatial scan statistic ZHEE L7z, 2O L ZOLREIIE

d(Z)\ " (d(z)\ " )
(2.3) ANZ) = (4@) @@g> . d(2) > e(Z)
1 Z D

LY, MLC Z* i Z* = argmaxzez N(Z) &b, T2 Td(Z) 1 window Z WEEKTOH
W, e(2) RSB L T4, MLC & LCHESN: 2 ofFEEONZEICO WX, £V
T A VO GE (Dwass, 1957) 2SR S0 b, b, ZHISOBIINFHSEE FEEO b & TEIK
X o T B(/z& 21% 999 % 9,999) #FEA &8, SR OTLEICHED  BEREHR A\ = M (2Y)
(b=1,2,...,B) 253 5. —F, EBOBNT— 7 Ik RERKIHREZ > =X(2") 5
& X, pEOEPE

LR JO0 2N e
WCEoTHEEOHELIT). TDLE, HWAHAX vy VIKEHER window ZHK T HBE DX
FTA=FIEoC, RIERFEDD & TCOMERFTROGHIELL, pdRE-TLHT L
WHERTHLENED 5.

AF X VIRETRTIZZ 9AY ZER LT (scan §5) window Z OERER Z DL ) HFDENIC
Lo THV L OPOBERERIRE EN TV 5. Kulldorff and Nagarwalla (1995), Kulldorff(1997)
&, FAOMEIRI, 5B E CHUS Z B L T < circular window O2K% & o 72 circular scan
statistic (Circular Scan ) 2B L7z, Zo(k=1,2,..., K;) 2 HB i »SEWEIZ, i B2 &
Lk HOHBI SR LEELTH. 7272 LE i OEERZZFOHIBOMRIEN 1 A FRIR&EED
FIEHRP AOELZE)THODLTINET L, TDOL & Circular Scan T Z DERES L
LT

p=

(2.4) Zi={Zu|1<i<m, 1<k <K}

REZA. K ELTEZ IAZIZEENDRKREREC AL, &ERBEBH R ESHwLNS, &
DFERHHETH AP, WOPICHRDOZ S A% LAFETE R, 22 THEAKRDOZ S 2 ¥
HHETESL XY Circular Scan EZIWR L 72 WL 2O FEIFREINTETWS, 2Lz
1¥, SA Scan ¥ (Duczmal and Assuncéo, 2004), Upper Level Set (ULS) Scan ¥ (Patil and Taillie,
2004), Flexible Scan ¥ (Tango and Takahashi, 2005), Echelon Scan #: (FEE - A, 2007) 7% &
PREEINTETVSE, INEDOFHEIIEMARD window DEIETESLLHICLRYS, /2
FHEREIREL R TERVIHIZIRENTVS, #21X Flexible Scan HTIX, MR I
TN THEMRD S SRS 2FEETAHEL LT, TTHIR 2FLE LT HEEZER D
HIEWIEIZ K HOMBI O %586 Zixk DD, TD Zix b, i #&H, EFELTWEEH
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DHEEEEZ, TOEKZ, EE25. OFY Zix OFTi 2EAT L BORIED S 7 558
L7 window 28 ji DB LT H L, Z DE&EERZ

(2.5) Zo=AZin |1 <i<m, 1<Ek<K, 1<j<ju}

EHobINs, CODBBORRER(MBIERLTWAEE1LAEDZE)TEVE X
0) P OHERINLBEATHIILEL 2B, —7, ULS Scan #% Echelon Scan i3 Fik LAt
REZHWA. ULS Scan #Tl, Flexible Scan ¥ & RO BEATH] & BERBEEER L H W,
ERBIBOBEM L 25 window BT A. 72 ZI1ITHIR BT L RFREELRD 2D DR
E¥x

P} = (B3 i IS BT 2B SN 7238850 ) (g 12 BV 2 i RARE

EL, TNERRFARRLEBL. BB 2 BRBAREFE P OBRFICEBI-b0%
(1<i <m)&BL. BETHOLT, 52 IBOFRBERME P} ORHIZEORZ, BoNhAT
FIOEE»S Ix1 (1 <I<L)ITHEIY B$. 72720 LR & N5 window DFKY A X &
T4, COLE, ZOWMTFNCEINLRIBOERBAEMFII P/ D EERD, (1-1)x(1-1)
T E TTHER S I window 8% 23, &L, TIWXEINLIES L (k=1,2,..., K1)
O window & Zi; (j=1,2,...,51-16) €5 5. ¢ =1 LIz &, BRI/ BHBVLO0D 74, &
7T ERE L T AEEIZIE, Zy; Ut 2727 window & L, WTho Zi; EHEEEL TR
BEICEd B2 window (KR 5. 2 LEEBD Z;; LERKETHHEITE,  LERELLD
DORTREDPERKE %5 window 721 ZBEMICMZ 5. F72¢ 12X oT, BBz, PERKL 1
ODFFE LB E R AGAIICE, ThEH% window & L, FOISEEITE /2% window
ZRMAZWSDET A, P/>P FTINZRVEBELTEZONIEED Z;; O&KR

(2.6) Z3=Z231,={Z1; | 1<k<Kp,1<j<jLr}

LHoHbEN, TN%E Upper Level Set £\39. 748 Echelon Scan ¥ Ti&, ULS Scan % & [k
2, HBOBEERE FRBEMERLZEVT, TY2urFrFursaciflii, 2hziw
T, ERBBOBRL & 5 window ZTEHT 5.

F - R AN(Z) I & BT - HR AT & LB E (Restricted Likelihood Ratio Test) $
LI T w5 (Tango, 2008; Tango and Takahashi, 2012). =M & & ORI S LEHIZ

AMZ) - I(pi < 1), d(Z)>e(Z)
1, Z DAt

EHobENSE. T p BB 0, =1, ML # 11T A MpETHY, midp
L LTUTORTEZONS.

pi = Pr{D; > d; + 1|D; ~ Poisson(e;)} + %Pr{Di = d;|D; ~ Poisson(e;)}.

T o BEHBIZH L TOEBKEL LTRESNSD, 0EODOHKZE LT ar =0.20 2%
/ENTW5S (Tango, 2008).

2.2.2 FEATHER

I TRAGEACBIT 2RBHRTOEHBEERFTEOERICOVWT, AFy VHKEHE
ZHW/ CDT TdH A Circular Scan ¥, Flexible Scan 3, ULS Scan D 3 2D HEIZX A
HREBBEORZEIZ L BN R 2 BT 5. Circular Scan % Flexible Scan % EH 3 55K
121, FleXScan V3.1(Takahashi et al., 2012) #FfIH L, ULS Scan % #H 3 2B IdHErY

(2.7) N(Z) = {
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