instability in 95% of MSI-H CRCs whereas in 1-3% of MSI-L CRCs
Therefore, BAT2S5 and BAT26 were identified to be the most specific
and sensitive markers to detect MSI-H CRCs. The dinucleonde
marker D25123 exhibited instability not only in 95% of the MSI-H

i CRCs but also in 56.7% of MSI-L. D25123 is the most sensitive but

(E]

-

not specific for MSI-L (Figure [A).

Clinicopathological features

The association of MSI status with the clinicopathological features in
the 940 CRCs is shown in Table I Consistent with the findings of
previous studies, MSI-H cancers are observed more frequently in fe-
males, in the proximal colon and in poorly differentiated or mucinous
CRCs in comparison with MSS. While some differences were observed
between MSI-L and MSS cancer, with regard 1o the female to male
ratio, the site of the tumor and the stage did not reach significance.

The prognosis was assessed based on the MSI status (Figure 1B).
Since no Dukes' A patients died during the follow-up period, these
patients were excluded from the overall survival analysis, In total, 155
of the 731 Dukes’ B-D patients (21,2%) died during a mean follow-up
period of 30.3 = 19 months after surgery. The prognosis of patients
with MSI-H tumors was significantly better than that of patients with
MSS mors (log-rank test, P = 0.0335). The prognosis of patient
with MSI-L. wmors had an intermediate tendency among the three
groups (Figure 1B).

In a stepwise multivariate analysis, age {hazard ratio (HR) 1.627
[confidence interval (CT) 1,216-2.301); P = 0.0016), men sex [HR
1.429 (CI 1.019-2.004); P = 0.0388), low-grade pathology [HR
2.029 (Cl 1.231-3.343); P = 0.0055), KRAS [HR 1.69 (CI 1.215-
2351), P =00018), BRAF [HR 3593 (CI 1933-6.678);

P < 0.0001] and Dukes' stage [Dukes’ B versus Dukes' C: HR

1,636 (CI 0.964-2.775); P = 0,068 and Dukes’ B versus Dukes' D:

A mMSi-H  MSI-L
100 r g
_ 7
£
£
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@
;]
£
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B 1001
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z
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40 T T T T T T
10 20 0 40 50 60
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Fig. 1. (A) Frequency of 1 instability for MSI-H and

MSI-L CRCs. (B) Overall survival of patients according to the MSI status, In
total, 155 of the 731 Dukes’ B-D patients (21.2%) died during a mean
follow-up period of 30.3 = 19 months after surgery.
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HR 10.406 (C1 6.548-16.537), P < 0.0001] were independent vari-
ables. However, MSI was not an independent vanable.

Mutarion analysis of the KRAS and BRAF genes
A KRAS mutation was detected in 39.4% and a BRAF V600E muta-

tion in 4.6% of the 905 CRCs that were examined. The BRAF muta-

tion was found more frequently in MSI-H cancer (32%) in comparison
with MSS (3%) and MSI-L cancers (4%; P < 0,0001, Figure 2A).
The frequency of BRAF mutation decreased accompanying the tumor
progression in MSI-H cancer, whereas it increased in MSI-L and MSS
cancers (Figure 2D-F),

The KRAS mutation analysis in CRCs demonstrated that MSI-L
cancer showed higher frequency of the KRAS mutation than MSS
and MSI-H cancers: MSS 39% (311/788), MSI-H 30% (16/53) and
MSI-L 48% (32/67; MSI-L versus MSI-H; P = 0.066, MSI-L versus

MSS; P = 0.244, MSI-H versus MSS; P = 0.180; Figure 2A). How- i

ever, accompanying the progression from Dukes’ A to Dukes’ B, the
frequency of the KRAS mutation in MSI-L cancer drastically in-
creased from 16 to 63% (Figure 2E, MSI-L; KRAS mutation in Dukes
A versus KRAS mutation in Dukes B-D, P = 0,045, Fisher's exact

test) and was significantly higher than that in MSS or MSI-H cancers -

at Dukes’ B-D (MSI-L versus MSS or MSI-H: P = 0014, P =
0.0394, respectively; Figure 2C). MSI-H cancer also demonstrated
an increased jon of the KRAS mutation accompanying the pro-
gression from Dukes’ A to Dukes’ B (Figure 2F), but the number of

MSI-H cases was too small to find significance (MSI-H; KRAS mu- =

tation in Dukes’ A versus KRAS mutation in Dukes’ B-D, P = 0.08,
Fisher's exact test). The ratio of the KRAS mutation in MSI-H cancer
was the same as that in MSS cancer after Dukes' B stage (Figure 2C).
The ratio of wmors having either the KRAS or BRAF mutation at
Dukes' B-D in MSI-H and MSI-L cancers was statistically higher
than that in MSS cancer [MSS (40%) versus MSI-L (66%) or MSI-H
(63%); P = 0.0034, P = 0.0108, respectively; Figure 2C].

Tipe of KRAS mutation
Of the 321 umors with KRAS mutations, 196 (61%) were a G to A

transition, 107 (33%) were a G to T transversion and 18 (6%) werea G 2

to C mansversion. The type of KRAS mutation was investigated in
each MSI status. This revealed that 93% (14 of 15 tumors) of the
KRAS mutations were a G to A transition in MSI-H cancer and there
were significant differences between the s of KRAS mutations

among the three MSI groups (P = 0.0152, chi-square test). The fre- 3

quency of G to A transition mutations in MSI-L cancer was lower than
in MSI-H but higher than in MSS cancer (Figure 2G). To investigate
whether the high frequency of G to A transition mutation of KRAS
gene in MSI-H and MSI-L cancer is involved in the inactivation of
HMLHI or MGMT, the methylation status of the AMLH! and MGMT

was analyzed. Of the 30 MSI-L wmors with KRAS muta-
tions, 13 (43%) had MGMT promoter methylation, whereas among 35
MSI-L wmors without KRAS mutations, 10 (29%) had it (Table II).
Furthermore, 53% (10 of 19) of MSI-L tumors with G to A transition

mutations in KRAS harbored MGMT promoter methylation, whereas 1=

30% (three of 10) of MSI-L umors with G to C or T transversion
mutations in KRAS and 29% (10 of 35) of MSI-L tumors without
a KRAS mutation showed MGMT promoter methylation (G to A ver-
sus G to C or T and wild-type, P = 0.0705; Table II).

These results suggest that G to A transition mutations in MSI-L
tumors seem fto correlate with MGMT promoter methylation
(P = 0.0705). On the other hand, the frequency of MGMT methyla-
tion was observed in 38% of MSI-H tumors with KRAS mutation and
56% of MSI-H tumor without KRAS mutations. This result suggests
that there is an inverse correlation b KRAS mutati
MGMT methylation in MSI-H tumors (# = 0.2026; Table [1).

The frequency of RMLH I methylation was observed 25% of MSI-H
mors with KRAS muations and 59% of MSI-H tumors without
KRAS mutations. This result clearly shows a significant inverse cor-

relation between KRAS mutations and hMLH] methylation in MSI-H =

tumors (P = 0.0366). The frequency of AMLHI methylation was

and 4
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Fig. 2. KRAS and BRAF mutations in each MSI status. (A) KRAS and BRAF mutation of all CRCs. (B) KRAS and BRAF mutation of Dukes’ A CRCs. (C) KRAS
and BRAF mutation of Dukes' B~-D CRCs. Frequency of KRAS and BRAF jons ot each stage ling to the MSI status; (D) MSS, (E) MSI-L and (F) MSI-H.

(G) Spectrum of KRAS mutations in each MSI status.

significantly higher in MSI-H wmors (50%) than in MSI-L tumor
(6.7%; P < 0.0001; Table II).

LOH of D55346 and p53 mutation in MSI-L CRCs
Since D58346, one of the MSI makers, locates near the APC gene,
MSI analysis with the Bethesda panel can also assess the LOH of APC

gene, simultaneously, LOH of the D55346 and p53 muiation was
detected in 75% (9/12) and 67% (12/18) of MSI-L CRC at Dukes’
A, respectively (Table IV). In addition, the frequency of LOH of

D55346 and p53 mutations in MSI-L at Dukes' B-D were 55 and

61%, respectively. These results indicate that LOH of APC and p53
mutations has already occurred before Dukes’ A.
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Table IL Promoter methylation and KRAS mutation

Table IV, LOH of D55346 and p53 mutation in MSI-L CRCs

KRAS mut, Wi, P value
n{%) n (%)
MGMT
MSI-L M 13 (43) 10 (29) 02147
u 17(57) 25 (7))
MSI-H M 6(38) 22 (56) 0.2026
u 10 (62) 17 (44)
hMLHI
MSI-L M 2(7) 2(6) >().9999
u 28 (93) 33 (%)
MSI-H M 425 23 (59) 0.0366
u 12(75) 16 (41)

M. methylated; U, unmethylated: mut, mutation; Wt, wild-type.

Table IL. Type of KRAS mutation according 1o MGMT methylation

MOMT KRAS mutation Wi, P value
n (%)
Giw A, GiwoC,
n (%) T, n (%)
MSI-L M 10 (53) 3 (30$) 10 (29) 00705
u 9(47) 700) 25 (11)
MSI-H M 6 (43) 0(0) 22 (56) 0.4339
u 8 (57) 1 (100} 17 (44)
M., methylated; U, hylated; Wt wild type. P : G to A versus G to C,
T+ Wt
Discussion
Molecular fearures

Although the BRAF and KRAS mutations are found more frequently in
MSI-H and MSI-L CRC, respectively (31.34,38), the frequency of KRAS
uﬂBWmﬁmd:mguthwbmmmmm‘
The development of CRC requires a multistep process character-
ized by the accumulation of genetic alterations. According to the
ic model for colorectal proposed by
Fearon and Wgclmln, KRAS mutations occur in the early to inter-
mediate adenomas (3). However, the frequency of KRAS mutations
was significantly lower (16%) at Dukes' A and higher (60%) at
Dukes' B-D in MSI-L CRCs. This means that most KRAS mutations
occurred at different times in MSI-L CRC, namely, during the pro-
gression from Dukes’ A to Dukes’ B but not in early to intermediate
adenomas. It has been reported previously that the KRAS mutation is
found more frequently in MSI-L CRCs (31,32), but according to the
current detailed study, it depends on the tumor stage. Since a large
number of specimens were collected in an unbiased manner for this
study, the results demonstrate representative findings of CRCs in Japan.
Meanwhile LOH of D55346. which is located near the APC gene,
and the p53 mutation was observed in 75% (9/12) and 67% (12/18) of
MSI-L CRC at Dukes' A, respectively. These frequencies were almost

s the same at Dukes’ B-D in MSI-L CRC (Table IV).

Tuken together, these findings indicated that LOH of APC and p53
mutations have already occurred by the Dukes’ A lake suppressor
pathway but not the KRAS mutation in MSI-L CRCs.

MSI-L CRC may develop through a mild mutator pathway, which

{ diﬂm&mmesnm:mmdmmmnymdﬂmdﬂf:mm

clinical f (31,39). H . some studies doubt the presence of
the MSI-L group (27,30). In the current study, the involved genes such
as LOH of APC, KRAS and p53 mutation in MSI-L. CRCs are similar
to those in MSS CRCs. but at least the timing and frequency of the
KRAS mutation is different. This may explain why the clinicopatho-
logical features of MSI-L tumors are similar to those of MSS umors
but not completely identical.

Dukes’ stage D55346 LOH P53 mutation
A 75% (9/12) 67% (12/18)
B 46% (6/13) 57% (1221)
{ o 67% (8/12) 45% (10722)
D 50% (3/6) 2% (12/13)

On the other hand, considering the presence of the ARAF mutation
and methylation of the hAMLH ] promoter at the early stage in MSI-H

CRC, these genetic changes should occur in the precursor of MSI-H =

CRC. This is not inconsistent with the concept of serrated pathways
resulting from serrated polyps that were revealed in recent morpho-
logical and molecular studies (24-26,40-42).

The mechanism of the KRAS mutation was also analyzed and the
results showed that a G to A transition mutation of KRAS occurs more
frequently in MSI-L. than MSS. Some repons demonstrated that
MGMT inactivation by promoter methylation causes a G to A transi-
tion mutation of KRAS (33,43,44) and p53 (45) and such a mutation is
frequently observed in MSI-L. CRCs. We attempted to determine

whether or not the inactivation of MGMT by promoter methylation

is associated with the type and frequency of KRAS mutation. Our
resulis indicated that MGMT promoter methylation seems to affect
the G to A transition and frequency of the KRAS mutation in MSI-L
CRC. However, most KRAS mutations in MSI-H CRC show a G o A

transition, MGMT inactivation was inversely related and the BRAF >

mutation often observed in MSI-H CRC shows a T to A transversion.
Considering these results, a different mechanism might therefore be
involved in mutation between MSI-L and MSI-H CRC.

Clinical feature
As mention above, the genes associated with developing MSI-L CRC
are similar to the suppressor pathway but the frequency and timing of
KRAS mutations is different; thus, there may be different clinical and
pathological features in MSI-L.

Comparing the stage distribution for each MSI status, the distribu-

tion of Dukes' B in MSI-H CRC is significantly larger than in MSS 1:

and MSI-L CRC (7). Gyef er al. (15) demonstrated with a logistic
analysis that MSI-H CRC is less metastatic to the regional lymph
nodes and distant organs than MSS CRC, even though their depth
of tumor invasion is same. The same result was observed in the current
study, but MSI-L CRC did not show this charactenistic. This suggests
that there is a mechanism resmicting the progression from Dukes’ B to
C in MSI-H cancer. Although the precise explanation for this mech-
anism is still unknown, tumor-infiltrating lymphocytes, apoptosis,
proliferative activity (46,47) or a mutation of p33 (7) may lead to
the ‘restraining effect’.

On the other hand, the distribution of Dukes’ A in MSI-L CRC is
larger than MSS. Considering the KRAS mutation during the progres-
sion from Dukes’ A to B in MSI-L CRC, tumor progression may be
hindered until the occurrence of the KRAS mutation in MSI-L CRC.

Various studies have reported the is of each MSI status.
Some investigations show that the patients with MSI-H cancer dem-
onstrate a better prognosis and the patients with MSI-L cancer have
a poorer survival than patients with MSS in stage C (48,49). Consid-
ering the high frequency of the KRAS mutation afier Dukes' B in
MSI-L cancer, the worse prognosis of such patients may therefore
be reasonable (50).

Although the number of cases in the current study was not sufficient
to study the prognosis at each stage, among all patients with Dukes' B
to D CRCs, MSI-H patients showed significantly better survival than
MSS (log-rank test, P = 0.0335) while MSI-L patients had a slightly
betier prognosis than MSS. These findings may result from the fact
that the proportion of Dukes' D for each MSI status is smaller, in
order, MSI-H, MSI-L and MSS.
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Furthermore, MSI-L tumors in the current senes developed more
frequently in females and in the proximal colon than MSS mmors.
although no significant difference was observed.

In this study, a series of 940 patients with CRCs suggests that MSI-
H, MSI-L and MSS cancer each progress through different pathways.
Further study on these themes will probably attempt to clarify not
only MSI cancer but also try to elucidate the true nature of CRCs
itself,
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Impact of vascular endothelial growth factor receptor
1, 2, and 3 expression on the outcome of patients
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Tumor angiogenesis is a multistep interactive process in which
vascular endothelial growth factor (VEGF) and its receptors have a
maijor role. However, the clinical significance of these molecules in
gastric cancer (GC) remains unclear. Our study group comprised 86
patients who underwent gastrectomy and subsequently received
chemotherapy for recurrent or residual tumor. Using immuno-
histochemical techniques, we analyzed the expression of VEGF
receptors (VEGF-R) 1, 2, and 3. VEGF-R1 expression (defined as >5%
staining) was found in the tumor cells of 65 tumors (76%) and in the
stromal vessels of 36 tumors (42%). VEGF-R2 expression was found
in tumor cells and stromal vessels of 0 and 46 tumors (0 and 53%),
respectively, and VEGF-R3 expression was found in tumor cells and
stromal vessels of 0 and 75 tumors (0 and 87%), respectively.
Univariate analysi led that VEGF-R expression correlated with
shorter survival (VEGF-R1 in stromal vessels, P = 0.001; VEGF-R2 in
stromal vessels, P = 0.009; VEGF-R3 in stromal vessels, P = 0.005)
and lower response to 5-1 (VEGF-R1 in stromal vessels, P = 0.039).
Mubktivariate analysis of potential prognostic factors showed that
VEGF-R1 and VEGF-R2 in stromal vessels were independent predictors
of poor outcome. Our data suggest that VEGF-R expression can be
a predictor of unfavorable dinical outcome in GC. VEGF-R are promising
candidates as therapeutic targets. (Cancer Sci 2009; 100: 310-315)

G astric cancer (GC) is the second leading cause of cancer-
related death worldwide, accounting for over 20 deaths
per 100 000 population annually in East Asia (China, Japan),
Eastern Europe, and parts of Central and South America.'”
Recently, many chemotherapy regimens using new agents have
been developed that show high response rates for advanced
GC, and progress in basic research has revealed many factors
and mechanisms implicated in sensitivity and resistance to
chemotherapy.

Angiogenesis reportedly plays an important role in cancer
invasion and metastasis. Vascular endothelial growth factor
(VEGF) and VEGF receptor (VEGF-R) represent important reg-
ulators of angiogenesis, and increased expression of this farui!_y
of molecules has been documented in various cancer cell lines'
and tissues."* Previous clinical studies have demonstrated that
increased expression of VEGF or its family is associated with
the grad: uf angiogenesis and the prognosis for various human
cancers.**

In GC, scvcra] studies have found that chrcsswn of VEGF
ligands and subtypes correlates with prognosis,"*** and expression
of soluble VEGF-R1 is also a predictor of prognosis.!'? However.
the distribution, frequency, and prognostic value of VEGF-R
expression in GC have not been clarified. The present study
investigated relationships between VEGF-R expression and
prognosis in patients with advanced GC.

Cancer Sci | February2009 | vol 100 | no.2 | 310-315

Materials and Methods

Patients. Subjects were 86 patients who underwent surgery for
primary GC and received chemotherapy for the treatment of
recurrent or residual tumors at the National Cancer Center Hospital
(NCCH). Inclusion criteria were as follows: histologically proven
advanced GC; unresectable, locally advanced, or metastatic disease;
no prior chemotherapy and no prior adjuvant or neoadjuvant
chemotherapy; specimens of primary GC were obtained before
the start of chemotherapy by surgical resection or biopsy at NCCH;
radiographically measurable disease; firsi-line chemotherapy
was received from January 1995 to December 2004; wumor
response and survival times were confirmed. adequate bone
marrow, liver, and renal function; and written informed consent,
The tissue samples were collected retrospectively from patients
who met these criteria. Measurable disease was assessed by
computed tomography. Response was evaluated according to the
standard International Union against Cancer (UICC) guidelines
as complete response (CR), partial response (PR), no change (NC),
or progressive disease (PD). The response rate was calculated as
the ratio of CR + PR 1o CR + PR + NC + PD."" Written informed
consent was obtained before treatment and evaluation of tamor
samples.

Immunohistochemical staining. Serial 4-{um sections were made
from formalin-fixed paraffin-embedded tissue. Sections were
dewaxed in xylene and rehydrated through a graded alcohol
series. Antigen retrieval was carried out by incubating sections
in target-retrieval solution (Dako Japan, Tokyo, Japan) for
40 min in a 95°C water bath and cooling for at least 20 min.

After quenching endogenous peroxidase with peroxidase-
blocking reagent (Dako Japan) for 5 min and washing with Tris-
buffered saline containing Tween 20, sections were incubated
with the primary antibody (Table 1).

Immunoreaction was detected using the following secondary
antibody systems: CSA-IT (Dako Japan) for VEGF-R1, VEGF-R2,
and VEGF-R3; and the Eavison + kit (Dako Japan) for CD34,
D240, CD31, and factor VIII, according to the instructions of
the manufacturer. Sections were counterstained using Mayer's
hematoxylin.

Evaluation of immunostaining. The entire specimen was
examined at low magnification (x40), and positive cells were
counted in areas with sirong immunoreactivities at high
magnification (x200). The number of immunoreactive cells was
counted in three fields of view that exhibited the most positive
staining, and the average ratio of immunoreactive cells to the
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Table 1. Antibodies used for immunohistochemistry Table 2. Patient characteristics (n = 86)
Antigen Antibody Manufacturer Dilution lt‘wbm.m Shivtacheitc a
time (min) Sex
CD34 M 7165 Dako Japan 1:100 30 Male 69
D2-40 M 3619 Dako Japan 1:50 30 Female 17
coan M 0823 Dako Japan 1:50 Overnight Median age (years) 61 (range 39-84)
Factor Xl N 1505 Dako Japan 1:2 30 Tissue type
VEGF-R1 AF 3N R&D 1:150 15 Intestinal 39
VEGF-RZ AF 357 R&D 1:50 15 Diffuse 47
VEGF-R3 AF 349 R&D 1:50 15 pStage’
I 2
(1 n
] 2
w 51
total number of cancer cells per field was calculated. The ECOG performance status
number of immunoreactive vessels was counted in three fields 0 42
of view that demonstrated the most positive staining, and the 1 41
average ratio of immunoreactive vessels to the total number of 2 3
CD34-positive and D2-40-positive vessels per field was calculated.  Metastases
Staining results for VEGF-R1, VEGF-R2, and VEGF-R3 were Liver 5
classified by estimating the percentage of epithelial cells and Abdominal lymph node a3
vessels showing specific immunoreactivity: negative (defined as Peritoneum 23
<5% staining) or positive (defined as >5% staining).”™ Two Lung 4
researchers evaluated the immunostaining results without being Other 4
informed of the clinical data. First-line chemotherapy
Statistical analysis, We examined objective wmor response to 51 29
chemotherapy overall survival. Overall survival were calculated 5-Fluorouracil 24
as the period from the start of first-line chemotherapy until Cisplatin + irinotecan 28
disease progression or death from any cause, respectively. If  Other 5

patients were lost to follow up, data were censored at the date of
the last evaluation. Statistical analysis was carried out using
Stat View version 5 software (SAS Institute, Cary, NC, USA).
Pearson’s correlations were used to assess VEGF and VEGF-R
expression, and a y’-test was used to assess rclationships
between VEGF and VEGF-R expression and therapeutic effect.
Each factor and overall survival were determined by Kaplan—
Meier methods and analyzed using a log-rank test. Multivariate
analysis was carried out using a Cox proportional hazard
model.

Results

Clinicopathological characteristics. The clinicopathological char-
acteristics of the patients are shown in Table 2. Patients
comprised 69 (80%) men and 17 (20%) women, with a median
age of 61 years. Tumor stage (assessed according to TNM classi-
fication at the time of surgery) was L, I, or III in 35 patients, and
distant metastasis was confirmed at the time of surgery (stage IV)
in 51 patients. Histopathologically, 39 patients had intestinal-type
adenocarcinoma and 47 displayed diffuse-type adenocarcinoma.
All patients received chemotherapy, first-line chemotherapy
comprised S-1 in 29 patients, 5-fluorouracil (5-FU) in 24 patients,
cisplatin (CDDP) and irinotecan (CPT-11) in 28 patients, and
other agents in the remaining five patients. The median follow-up
time was 13.3 months (range 1.0-71.7 months).

Expression of VEGF-R1, VEGF-R2, and VEGF-R3. VEGF-RI was
immunoreactive in wmor cells (not only in the membrane, but
also in the cytoplasm) and tumor stromal vessels (Fig. 1a).
VEGF-R1 expression was found in tumor cells of 65 tumors
(76%) and in stromal vessels of 36 mmors (42%) (Table 3).

VEGF-R2 and VEGF-R3 were immunoreactive mainly in tumor
stromal vessels (Fig. 1b—d). VEGF-R2 expression was found in
tumor cells and stromal vessels of 0 and 46 twmors (0 and 53%),
respectively, and VEGF-R3 expression was found in tumor cells
and stromal vessels of 0 and 75 tumors (0 and 87%), respec-
tively. The three types of VEGF-R were not markedly correlated
with each other in terms of expression.

Hirashima et al,

'japanese classification. ECOG, Eastern Cooperative Oncology Group.

Table 3. Distribution of vascular endothelial growth factor receptor
(VEGF-R) 1, VEGF-R2, and VEGF-R3 expression

VEGF-R1 VEGF-R3
Cytoplasm Vessel Vessel
n % n % n % n %

Negative (<5%) 21 24 50 58 40 47 11 13
Positive (>5%) 65 76 36 42 46 53 7 87

VEGF-R2

Status Vessel

Relationship of VEGF-R expression with response to
and survival, The response raie was 38% (11/29) in the S-1
group, 4% (1/24) in the 5-FU group, and 43% (12/28) in the
CDDP and CPT-11 group (Table 4). In the S-1 group, the response
rate was lower in the 15 patents in whom stromal vessels
stained positive for VEGF-R1 than in lhe 14 patients in whom
stromal vessels did not (20 vs 57%, y’-test P=0.039). In the
other groups, the response rates were not markedly affected by
expression of VEGF-R

To clarify the relevance of marker positivity in prediction of
disease outcome, staining results for VEGF-R1, VEGF-R2, and
VEGF-R3 were correlated with patient survival according to the
log-rank test. A univariate analysis revealed that VEGF-R expres-
sion correlated with shorter survival (VEGF-R1 in stromal vessels,
11.2 vs 15.9 months, P=0.001, Fig. 2a; VEGF-R2 in stromal vessels,
11.0 vs 15.6 months, P = 0.009, Fig. 2b; VEGF-R3 in stromal vessels,
128 vs 24.3 months, P=0.005, Fig. 2c). Moreover, multivariate
analysis of potential prognostic factors showed that VEGF-R1
and VEGF-R2 expression by stromal vessels were independent
predictors of poor outcome in advanced GC (Table 5).
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Fig. 1. Typical examples of (a) CD34 staining, (b)
D2-40 staining, () CD31 staining, (d) factor Vil
staining, and (e) negative controls. (a) Vascular
endothelial growth factor receptor (VEGF-R) 1 is
mainly expressed in tumor cells, secondarily on
stromal vessels. (b-d) VEGF-R2 and VEGF-R3 are
mainly expressed on stromal vessels. Original
magnification, x200.

Table 4. Relationship k vascular helial growth factor ptor (VEGF-R) expression and resp to chemotherapy
VEGF-R1 VEGF-R2 VEGF-R3
Total
Hrstline regimen i o Cytoplasm Stromal vessels Stromal vessels Stromal vessels
(%) Positive  Negative Positive  Negative Positive  Negative Positive  Negative
(%) (%) (%) (%) (%) (%) (%) (%)
51 29 38 az 57 20 57 n a4 37 50
P=0.234 P=0,039 P=0474 P=0.715
Cisplatin and 28 43 13 47 45 a1 47 38 46 25
irinotecan P=0.255 P=0570 P=0.445 P=0.887
5-Flurouradil 24 4 [} 4 0 4 4 1] 4 /]
Discussion studies have documented that VEGF-R3 ex| ion correlates

In the present study, we analyzed VEGF-R expression levels in
primary tumors from 86 patients with advanced GC. Our goal
was to determine whether such expression levels are related o
treatment outcomes such as survival and response. We found
that expression of VEGF-R1 and VEGF-R2 in stromal vessels in
GC specimens were significant predictors of poor survival in
advanced GC. Recently, several studies have reported that the
genetic profile of patients is related to the outcome of cancer
therapy. In colorectal cancer, VEGF-R2 expression for metastatic
tumors was higher when compared to non-metastatic tumors,
and in head and neck cancer'™ and breast cancer,'* some

press|
with lymph node metastasis and malignancy,”*'“'" whereas
others have not observed this relationship."**” Further investig-
ations are needed to clarify interactions among VEGF-R subtypes
and the effects of VEGF expression in stroma on angiogenesis and
lymphangiogenesis. In GC, several studies have reporied corre-
lations between the expression of VEGF and poor prognosis, or
lymphatic metastasis. However, most studies examined survival from
the date of surgery to the time of event. In the present study, we
examined the expression of VEGF-R, objective tumor response
to chemotherapy, and overall survival; the latter two being
calculated as the period from the start of first-line chemotherapy
until disease progression or death from any cause, respectively.
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Fig. 2. Impact of (a) vascular endothelial growth factor receptor (VEGF-R) 1, (b) VEGF-R2, and (c) VEGF-R3 expression in stromal vessels on patient

survival.

Table 5. Impact of

(multivariate analysis)

growth factor (VEGF-R) expression on patient survival from firstline chemotherapy

Parameter Hazard ratio 95% confidence interval, Pvalue

VEGF-R1 (vessel)
PS

Tissue type
Metastasis site

175 1.09 2.80
1, 2 versus 0 1.45 0.62 227
Diffuse vs intestinal 0.64 0.64 1.00
22 versus 1 15 0.89 255

VEGF-R2 (vessel)
Ps

Tissue type
Metastasis site

1.76 1.12 2.75
1, 2 versus 0 1.56 1.00 246
Diffuse versus intestinal 0.64 0.41 1.01
22 versus 1 1.69 1.01 b ¥ .3

PS, Performance Status.
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After treatment with 5-1, patients with positive staining for
VEGF-R! in stromal vessels showed a lower response rate
(20 vs 57%. P = 0.039) and shorter survival (10.2 vs 20.2 months,
hazard ratio = 3.62: data not shown) than those with negative
staining, whereas there was no difference with CDDP and
CPT-11. The number of patients treated with S-1 was small, but
Boku er al. have reported the rclationship between VEGF status
and the effects of S-1 and 5-FU; patients expressing VEGF
showed a slightly lower response rate and relatively shorter
survival than those who did not.*'*® The mechanisms behind
this relationship are unclear,” but expression of VEGF-R may
become a prognostic marker relevant in deciding on a treatment
strategy of 5-FU-based drugs.

Our analysis revealed that VEGF-R expression was correlated
with shorter survival (VEGF-R1 in stromal vessels, P=0.001;
VEGF-R2 in stromal vessels, P = 0.009; and VEGF-R3 in stromal
vessels, P =0.005), and multivariate analysis of potential prog-
nostic factors showed that VEGF-R1 and VEGF-R2 in stromal
vessels were independent predictors of poor outcome. VEGF-R2
is & potent regulator of vascular endothehal cells and has been
directly linked to tumor angiogenesis and blood vessel-dependent
metastasis. VEGF-R1 may contribute to pathological vasculari-
zation directly by stimulating endothelial cell function and
indirectly by mediating recruitment of bone marrow progenitor
cells.” Furthermore, Carmeliet and coworkers demonstrated
synergy between the VEGF-R1- and VEGF-R2-specific ligands,
indicative of cross-talk between the receptors, allowing modulation
of a variety of VEGF-R-dependent signals.* In GC, the expression
of VEGF or VEGF-C, which are inumately involved in regulation
of the lymphangiogenic process, has been reported to be corre-
lated with a poor prognosis."*"'** Jutner er al. found that the
presence of VEGF-D and its receptor VEGF-R3 was associated
with lymphatic metastasis."” Given these results, expression of
the VEGF family appears 1o affect the prognosis of GC

Our immunostaining evaluation revealed that VEGF-R is
expressed in umor cells and mor stromal vessels. VEGF-R2,
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