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Expression of Vascular Endothelial Growth
Factor in Cancer Tissues and Serum of
Gastric Cancer Patients: Correlation with
Clinicopathologic Findings and Prognosis

Chang Hak Yoo, M.D.", Joo Sub Keum, M.D.’, Sung Hoo
Noh, M.D.2, Choong Bai Kim, M.D.2, Kwang Hyung Lee¢
and Woo Ik Yang, M.D."

Purpose: Vascular endothelial growth factor (VEGF) is
known to be produced by various malignant tumors and
thought to be involved in microvascular permeability and
angiogenesis. However, the clinicopathologic significance of
the expression of VEGF in gastric cancer remains unclear.
Methods: To examine the relationship between VEGF ex-
pression in gastric cancer and clinicopathologic factors or
patient survival, tumor VEGF expression was assessed by
immunohistochemical study in 144 gastric cancer patients.
In addition, serum VEGF (S-VEGF) level was measured by
enzyme-linked immunosorbent assay in 116 patients and in
32 healthy controls.

Results: Positive staining for VEGF was observed in 68.8%
(99 out of 144) of gastric cancers, and its expression was
observed more frequently in patients with intestinal type and
serosal invasion tumors. However, there was no significant
correlation between the patients’ survival and VEGF posi-
tivity. Significant differences in preoperative S-VEGF level
were found between healthy controls and patients with
gastric cancer (P=0.014), whereas there was no significant
difference in the S-VEGF level between control and curative
resection group. When S-VEGF levels were compared be-
tween groups categorized by different clinicopathologic vari-
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ables, a significant correlation was found between a high
S-VEGF level and a tumor size greater than 5 cm, serosal
invasion, lymph node and distant metastasis. Moreover,
postoperative S-VEGF levels were significantly elevated as
compared to preoperative levels (P=0.000). When the med-
ian S-VEGF level was used as a cutoff level, the survival
rate of patients with elevated S-VEGF levels was significantly
lower than that of patients with low levels (P=0.001).
Conclusion: These results demonstrate that a high pre-
operative S-VEGF level is associated with tumor progres-
sion, metastasis and a poor outcome in patients with gastric
cancer. Further studies are warranted to determine the
clinical value of S-VEGF as an tumor marker and an indi-
cator of tumor angiogenesis in gastric cancer. (J Korean
Surg Soc 2002;62:43-51)
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Fig. 1. Immunohistochemical staining for VEGF in gastric cancer tissues. There are strong cytoplasmic staining of tumor cells in (A)

intestinal type, and (B) diffuse type of gastric cancer, x200.
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Fig. 2. Survival curves for 45 patients with negative VEGF-sta-
ining tumors and 99 with positive VEGF-staining tumors.
There was no difference between these two groups (P=
0.7258).
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Fig. 3. Preoperative S-VEGF levels according to the curability.

Values in the palliative treatment group were significantly
greater than values in the control or curative group
(P=0.000 by Mann-Whitney U test), but there were no sig-
nificant differences between the controls and curative

group.
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Table 1. Correlation between the expression of VEGF and clini-
copathologic variables

Results of immunostaining

[No. of patients (%)]

Variable p value
VEGF- VEGF-
negative positive

Sex 0.133
Male 26 (27.1) 70 (72.9)

Female 19 (39.6) 29 (60.4)

Age (years) 0.592
<55 19 (28.8) 47 (71.2)
>55 26 (33.3) 52 (66.7)

Tumor size (cm) 0.722
<5 22 (29.7) 52 (70.3)
>35 23 (32.9) 47 (67.1)

Tumor location 0.197
Upper third 4 (23.5) 13 (76.5)

Middle third 13 (28.2) 33 (71.8)
Lower third 25 (33.3) 50 (66.7)
Whole 3 (50.0) 3 (50.0)

Gross type 0.453
Superficial or localized 18 (35.3) 33 (64.7)
Infiltrative or diffuse 27 (29.0) 66 (71.0)

Histologic type 0.079
Differentiated 9 (20.5) 35 (79.5)
Undifferentiated 36 (36.0) 64 (64.0)

Lauren type 0.009
Intestinal 21 (23.0) 70 (77.0)

Diffuse 24 (45.3) 29 (54.7)

Venous invasion 0.051
Negative 38 (35.5) 69 (64.5)

Positive 7 (18.9) 30 (81.1)

Lymphatic invasion 0.168
Negative 30 (34.9) 56 (65.1)

Positive 15 (25.9) 43 (74.1)

Serosal invasion 0.044
Negative 18 (45.0) 22 (55.0)

Positive 27 (26.0) 77 (74.0)

Lymph node metastasis 0.332
Negative 17 (37.8) 28 (62.2)

Positive 28 (28.3) 71 (71.7)

Distant metastasis 0.862
Negative 40 (31.5) 87 (68.5)

Positive 5 (29.4) 12 (70.6)
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Table 2. Preoperative S-VEGF levels categorized by clinicopatho-
logic variables

S-VEGF level (pg/mL)

Variable p value
Mean+S.D.* Median
Sex 0.953
Male (n=79) 202.9+29.4 196
Female (n=37) 206.2+49.2 195
Age (years) 0.479
<55 (n=49) 203.1+44.4 195
>55 (n=67) 204.6+30.2 196
Tumor size (cm) 0.027
<5 (n=54) 190.0+41.9 188
>5 (n=62) 201.7+22.5 198
Gross type 0.109
Superficial or
localized (ne49) 193.8+14.1 192
Infiltrative or
diffuse (n=67) 205.2+44.8 195
Histologic type 0.743
Differentiated (n=41) 197.5+19.0 195
Undifferentiated (n=75) 201.5+399 193
Lauren type 0.630
Intestinal (n=66) 198.8+22.6 194
Diffuse (n=50) 202.7+53.7 189
Venous invasion 0.508
Negative (n=83) 196.8+14.7 193
Positive (n=33) 202.4+38.7 194
Serosal invasion 0.011
Negative (n=38) 189.7+12.4 188
Positive (n=78) 206.7+422 197
Lymph node metastasis 0.007
Negative (n=40) 189.7+13.2 188
Positive (n=76) 207.3+42.6 196
Distant metastasis 0.000

198.1+35.1 191
220.2+36.8 206

Negative (n=86)
Positive (n=30)

*S.D. = standard deviation.
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Fig. 4. Preoperative S-VEGF levels according to the UICC TNM
stages. Values in the stage IV group were significantly
greater than values in the stage I, II, or III groups (P=0.000
by Mann-Whitney U test), but there were no significant
differences between other tumor stages.
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Fig. 5. Comparison between preoperative and postoperative S-
VEGF levels. Postoperative S-VEGF levels were sig-
nificantly elevated compared to the preoperative levels
(P=0.000 by paired samples t-test). Postoperative measure-
ments of S-VEGF were done 7 days after operations.
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Fig. 6. Correlation between S-VEGF levels and tumor expression
of VEGF evaluated by immunohistochemical staining.
There was no significant correlation between the VEGF
negative and the positive groups (P=0.348 by Mann-
Whitney U test).
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Fig. 7. Survival curves of 116 patients with gastric cancer ac-
cording to the preoperative S-VEGF levels. The median
(195 pg/mL) was used as the cut-off value. There was a
significant difference in survivals between these 2 groups
(P=0.0001 by log-rank test).
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Fig. 8. Survival curves of 86 patients with gastric cancer who
underwent curative resections according to the preoperative
S-VEGEF levels. The median (195 pg/mL) was used as the
cut-off value. There was a significant difference in sur-
vivals between these 2 groups (P=0.0442 by log-rank test).
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