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Significance of lymphatic invasion and lymphatic
vessel density identified immunohistochemically
In gastric cancer
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adenocarcinoma

Correlation between depth of invasion and layer of lymphatic invasion
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Univariate analysis of overall survival rate and months according to

clinicopathologic factors in gastric adenocarcinoma
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Fig. 1. The retraction artifact may be confused as lymphatic invasion on the
H&E staining (A, C, E), but D2-40 does not react with the retraction artifact
(B, D, F).

Fig. 2. These lesions are not diagnosed as lymphatic invasion in the H&E
staining (A, C, E). Tumor emboli are clearly outlined by D2-40 positive vessels

((B, D, F). Some tumor embolus obliterate the lumen of lymphatic vessel (F).

Fig. 3. Multiple tumor emboli (A, B) identified by D2-40 is easily detected in

higher pN stage.

Fig. 4. D2-40 stains newly formed lymphatic vessels in the intratumoral (A)

and peritumoral area (B).

Fig. 5. D2-40 stained lymphatic invasion is detected in mucosa (A), submucosa

(B), proper muscle (C) and subserosa (D).
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ABSTRACT

Significance of Lymphatic Invasion and Lymph Vessel
Density Identified Immunohistochemically in Gastric

Cancer

Kim, Dong Hwan
Advisor : Prof. Lee, Mi Ja/Cho, Soo Hyung, Ph.D.
Department of Medicine,

Graduate School of Chosun University

Background: The lymphatic invasion (LI) is the significant risk factor for nodal
metastasis in gastric cancer. However, the diagnosis of LI is subjective and often
inaccurate because of the difficulty of detecting Iymphatic vessels with
conventional H&E staining. This study aimed to evaluate the significance of LI
and lymphatic vessel density (LVD) in patients with gastric cancer. Methods:
The LI and LVD were immunohistochemically identified using a new selective
marker of lymphatic endothelium, D2-40, in surgical specimens resected for
gastric cancer. The positive and negative predictive values for nodal metastasis
were comparatively examined for LI detected by H&E staining (LI-HE) and by
immunohistochemical staining using D2-40 (LI-IHC). The results were compared
with both clinicopathological factors (age, sex, Lauren classification type,
histologic grade, tumor size, pT stage, lymph node metastasis, distant metastasis
and stage) and the overall survival. Results: The lymphatic vessel density (LVD)
by D2-40 was extremely higher in the adenocarcinoma than normal gastric tissue.
Sensitivity for LN metastasis LI-IHC was higher than by LI-HE. LI-IHC was

significantly correlated with depth of tumor invasion (pT) and lymph node stage



(pN). Univariate analysis showed tumor size, pT, pN and stage to have a
significant correlation on survival. Conclusion: Immunohistochemical identification
of lymphatics is useful to increase the accuracy of diagnosing LI in gastric cancer.
LI-THC is superior to LI-HE as a predictor of nodal metastasis. Therefore, The
use of D2-40 immunostaining for the routine evaluation of LI is recommended in
gastric cancer. Also, LI-IHC and LVD are an additional prognostic marker, and
provides useful information for tumor aggressiveness and planning treatment

strategies in gastric cancer patients.

Key Words: Gastric cancer, D2-40, Lymphatic invasion, Lymphatic vessel density,

Prognosis, Survival
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Table 1. Relationship between lymphatic invasion detected by
immunohistochemical staining and H&E staining in gastric

adenocarcinoma

LI- HE
negative (%) positive (%)

Total

LI-IHC  negative (%) 109 (69.9%) 13 (176%) 122 (53.0%)
positive (%) 47 (30.1%) 61 (82.4%) 108 (47.0%)
Total 156 (67.8%) 74 (32.2%) 230

LI-THC, lymphatic invasion detected by immunohistochemical staining;

LI-HE, lymphatic invasion detected by H&E staining



Table 2. Correlation between lymphatic invasion identified by D2-40

and clinicopathologic factors in gastric adenocarcinoma

Number of cases LI-IHC (%)

Total 230 108 (47.0)
Age (yr) < 60 99 50 (50.5)
> 60 131 58 (44.3)

Sex Male 157 75 (47.7)
Female 73 33 (45.2)

Lauren type intestinal 123 51 (41.4)
diffuse 77 33 (42.8)
mixed/indeterminate 30 24 (80.0)

Location upper third 12 3 (25.0)
middle third 95 38 (40.0)

lower third 114 63 (55.2)

entire 9 4 (44.4)

Histologic grade  well 17 3 (17.6)
moderately 98 45 (45.9)

poorly 115 60 (52.2)

Tumor size (cm) < 5 165 81 (49.1)
> 5 65 27 (415)

Depth of invasion* pT1 (M&SM) 91 8 (8.8)
pT2 (PM) 31 12 (38.7)

pT3 (SS) 64 52 (81.3)

pT4 (S) 44 36 (81.8)

LN metastasis* pNO 123 12 (9.8)
pN1 (1-2) 32 25 (78.1)

pN2 (3-6) 39 36 (92.3)

pN3 (= 7) 36 35 (97.2)

Stage 1 108 45 (41.7)
I 47 26 (55.3)

III 75 37(49.3)

LI-THC, lymphatic invasion detected by immunohistochemical staining for D2-40;
*p<0.05



Table 3. Lymphatic vessel density according to clinicopathologic factors

in gastric adenocarcinoma

Lymphatic vessel density

Age (yr) < 60 18.28+5.29
> 60 17.87+4.84

Sex Male 18.12+7.27
Female 18.56+3.92

Lauren type intestinal 17.76£7.25
diffuse 20.00£8.26
mixed/indeterminate 18.71£7.32

Histologic grade  well 18.78+4.87
moderately 17.75£5.39

poorly 18.33£7.38

Tumor size (cm) < 5 17.83+7.71
> 5 18.47+7.31

Depth of invasion* pT1 (M&SM) 14.44+8.29
pT2 (PM) 18.48+7.72

pT3 (SS) 18.15+7.93

pT4 (S) 19.78+5.92

LN metastasis* pNO 13.20+6.99
pN1 (1-2) 15.12+4.98

pN2 (3-6) 18.81+7.29

pN3 (= 7) 20.27+6.64

Stage* I 14.00+7.79
1I 16.75+5.43

111 20.61£6.25

LI-IHC* negative 11.38+4.02
positive 20.29£6.99

LI-HE=* negative 15.65+8.75
positive 19.51+6.38

LI-THC, lymphatic invasion detected by immunohistochemical staining;
LI-HE, lymphatic invasion detected by H&E staining
*p<0.05



Table 4. Relationship between lymph node metastasis and lymphatic invasion,
diagnosed by immunohistochemical staining and H&E staining in

gastric adenocarcinoma

LI-THC LI-HE
Total : " : "
negative positive negative positive
LN metastasis negative 123 110 (90%) 13 108 (88%) 15
positive 107 12 95 (89%) 48 59 (55%)
Total 230 122 108 156 74

LI-THC, lymphatic invasion detected by immunohistochemical staining;

LI-HE, lymphatic invasion detected by H&E staining



Table 5. Lymphatic vessel density using D2-40 in normal mucosa

and gastric adenocarcinoma

Lymphatic vessel density

Normal 6.231£1.17
Adenocarcinoma *
intratumoral 18.47+5.39
peritumoral 17.76+£5.93
*p<0.05



Table 6. Correlation between depth of invasion and layer of lymphatic

invasion in gastric adenocarcinoma

Layer of lymphatic invasion Depth of invasion of cancer No. of
detected by immunohistochemically M SM MP SS S cases
Total o7 34 31 64 44 230
Mucosa lamina propria 1 2 1 2 1 7
muscularis mucosae 4 6 22 14 46
Submucosa 1 4 24 26 55
Muscle proper 1 3 2 6
Subserosa 1 1 2

M, mucosa; SM, submucosa, MP, muscle proper; SS, subserosa; S, serosa



Table 7. Univariate analysis of overall survival rate according to

clinicopathologic factors in gastric adenocarcinoma

Number of cases Survival rate(%s)

Total
Age (yr) < 60
> 60
Sex Male
Female
Lauren type intestinal
diffuse
mixed/indeterminate
Histologic grade  well
moderately
poorly
Tumor size* (cm) < 5
> 5
Depth of invasion* pT1 (M&SM)
pT2 (PM)
pT3 (SS)
pT4 (S)
LN metastasis* pNO
pN1 (1-2)
pN2 (3-6)
pN3 (= 7)
Stage* I
1I
111
LI-IHC* negative
positive
LI-HE negative
positive

230 63.9
99 30.3
131 66.5
157 66.3
73 70.5
123 73.3
77 67.1
30 52.6
17 56.6
938 74.2
115 66.5
165 80.7
65 58.9
91 94.8
31 72.5
64 64.8
44 53.7
123 89.2
32 72.5
39 63.9
36 62.5
108 86.5
47 67.5
75 52.8
122 82.1
108 63.8
156 74.2
74 63.4

LI-IHC, lymphatic invasion detected

by immunohistochemical staining;

LI-HE, lymphatic invasion detected by H&E staining

*p<0.05



Table 8. Multivariate analysis of overall survival in gastric adenocarcinoma

Variables p value RR 95% CI

Age (<60, =60) 0.24 2.84 0.64-5.58
Sex (male, female) 0.19 0.88 0.42-1.79
Tumor size (<5, >5) 0.57 2.76 0.98-5.19
Depth of invasion* (pT) 0.04 3.18 1.12-10.98
Histologic grade 0.34 1.85 0.72-4.77
Lauren type 0.71 1.23 0.68-5.12
LN metastasis* (pN) 0.01 4.15 1.85-11.86
Stage* 0.02 5.87 1.45-12.39
Lymphatic vessel density 0.18 1.56 0.62-1.35
LI-THC 0.07 2.89 091-7.94
LI-HE 0.12 2.12 0.91-6.29

RR, relative risk; 95% CI, 95% confidence interval;
LI-IHC, lymphatic invasion detected by immunohistochemical staining;

LI-HE, lymphatic invasion detected by H&E staining
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