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Abstract

AIM: To evaluate and compare detection of lymphatic
and blood vessel invasion (LVI and BVI) by hematox-
ylin-eosin (HE) and immunohistochemistry (IHC) in
gastric cancer specimens, and to correlate with lymph
node status.

METHODS: IHC using D2-40 (a lymphatic endothelial
marker) and CD34 (a pan-endothelial marker) was per-
formed to study LVI and BVI in surgical specimens from
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a consecutive series of 95 primary gastric cancer cases.
The results of the IHC study were compared with the
detection by HE using McNemar test and kappa index.
The morphologic features of the tumors and the pres-
ence of LVI and BVI were related to the presence of
lymph node metastasis. A ° test was performed to ob-
tain associations between LVI and BVI and other prog-
nostic factors for gastric cancer.

RESULTS: The detection rate of LVI was considerably
higher than that of BVI. The IHC study identified eight
false-positive cases and 13 false-negative cases for LVI,
and 24 false-positive cases and 10 false-negative cases
for BVI. The average Kappa value determined was
moderate for LVI (x = 0.50) and low for BVI (« = 0.20).
Both LVI and BVI were statistically associated with the
presence of lymph node metastasis (HE: 2 = 0.001,
P = 0.013, and IHC: P = 0.001, P = 0.019). The mor-
phologic features associated with LVI were location of
the tumor in the distal third of the stomach (P = 0.039),
Borrmann’s macroscopic type (P = 0.001), organ inva-
sion (P = 0.03) and the depth of tumor invasion (P =
0.001). The presence of BVI was related only to the
depth of tumor invasion (P = 0.003).

CONCLUSION: The immunohistochemical identifica-
tion of lymphatic and blood vessels is useful for increas-
ing the accuracy of the diagnosis of vessel invasion and
for predicting lymph node metastasis.

© 2013 Baishideng. All rights reserved.
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Core tip: The presence of lymphatic vessel invasion
in gastric cancer is the strongest risk factor for lymph
node metastasis and is known as an independent prog-
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nostic factor. The subjective evaluation of vessel inva-
sion performed with conventional hematoxylin-eosin
staining can lead to inaccurate false-positive and false-
negative results. This study shows that the immunohis-
tochemical identification of lymphatic and blood vessels
is useful for increasing the accuracy of the diagnosis of
lymphatic and blood vessel invasion and for predicting
lymph node metastasis in gastric cancer.
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INTRODUCTION

Gastric cancer (GC) is the fourth most common cancer
and the second most common cause of cancer deaths in
the wotld". A steady decline in the incidence and mortal-
ity rates of gastric carcinoma has been observed world-
wide over the past several decades, but there is a signifi-
cant variation in incidence between the populations at
the greatest and least risk”. In areas without endoscopic
screening for GC, especially in developing countries, GC
presents as an advanced disease and has a high frequency
of nodal involvement”. Surgery is the only effective in-
tervention for a cure or for long-term survival and nodal
status is one of the most important independent predic-
tors of patient survival®.

The depth of invasion is an independent prognostic
factor for gastric carcinoma and is associated with pa-
tient survival™. Early GC is limited to the mucosa and
submucosa and is associated with a better prognosis. In
Japan, where asymptomatic patients are screened, there is
a high incidence of eatly diagnosis, ranging from 30% to
50%, in contrast with the smaller fraction of 16%-24%
in Western countries”. Minimizing the number of inva-
sive procedures used in cancer treatment is critical for
improving the patient’s quality of life. Minimally invasive
treatments, such as endoscopic mucosal resection, may
be possible only in highly selective cases of early GC™,

Lymph node metastasis is one of the most impoz-
tant prognostic factors in patients with GC™'". Studies
have estimated that the lymph nodes will be involved in
3%-5% of cases of gastric adenocarcinoma limited to
the mucosa, in 11%-25% of cases limited to the submu-
cosa, in 50% of T2 tumors and in 83% of T3 tumors' .
Hence the accurate assessment of potential lymph node
metastasis is an important issue for the appropriate treat-
ment of early GC.

The histologic identification of lymphatic vessel inva-
sion (LVI) by tumor cells has long been recognized as a
potential prognostic indicator and a predictor of patient
outcomes in various malignancies' ¥ One of the earliest
steps in the metastatic cascade is (lympho)vascular inva-
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sion, Ze., the penetration of tumor cells into lymph and/
or blood vessels in and around the primary tumor'”?",
Therefore, tumor cell emboli in the lymph and blood ves-
sels are considered to be the morphological correlates of
metastases to loco-regional lymph nodes and to distant
hematogenous sites, respectively. Consistent with the dis-
tribution of lymphatic vessels in the gastric wall, LVI is
most frequently observed in the muscularis mucosa layer
and in the superficial submucosa™,

Usually, LVI and blood vessel invasion (BVI) are iden-
tified based on conventional hematoxylin-eosin (HE)
staining, and the diagnosis is made based on the pres-
ence of tumor emboli within the vascular channels lined
by a single layer of endothelial cells, with or without red
blood cells"*"”*". However, if the cancer cells completely
obliterate the lumen, it is not possible to diagnose vascu-
lar invasion. Additionally, retraction artifacts that isolate
tumor aggregates via tissue shrinkage during fixation are
sometimes confused with true tumor emboli in lymphatic
vessels. Besides, using that criterion, vascular invasion
detected on HE sections does not always allow for a dis-
tinction between BVI and LVI'Y,

Recently, interest in vascular invasion has increased be-
cause of the development of specific markers for the lym-
phatic endothelium used in immunohistochemistry (IHC),
such as Prox-1, which is a transcription factor; Lyve-1,
which is a hyaluronan receptor; podoplanin, which is a
glomerular podocyte membrane protein and D2-40". Tt
has been demonstrated that D2-40 is the best marker for
the lymphatic endothelium™., Used in combination with
panendothelial markers such as CD34 or CD31, D2-40
permits the differentiation between BVI and LVI and the
study of both processes in GC metastasis””.

There have been numerous studies regarding LLVI and
BVI in GC. However, most of them have not defined
the criteria used to determine the presence or absence
of lymphatic and vascular invasion. Additionally, many
large retrospective series of GC cases have extracted the
reporting of (lympho)vascular invasion from the patients’
medical records, without histological reviews by central
pathologists for consistency and without immunohisto-
chemical studies™”"**"), Uncertain criteria for the diagno-
sis of (lympho)vascular invasion may affect the clinical
assessment of prognosis and may change the course of
therapy for the patients”™ ",

The aim of this study was to evaluate, in a consecu-
tive series of patients with GC, a technique that uses a
combined immunohistochemical expression profile to de-
tect LVI and BVI and compare this technique to routine
HE assessment. In addition, we analyzed the relationship
between lymph node metastasis and clinicopathological
findings, especially those of LVI and BVI re-evaluated by
IHC staining;

MATERIALS AND METHODS

This study was reviewed and approved by the university’s
research ethics committee (COEP-UFMG). Ninety-five
consecutive cases of GC, diagnosed and treated between
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Table 1 Clinicopathological characteristics of 95 patients with

gastric cancer 77 (%)

Clinicopathological data

Sex
Male 62 (65.3)
Female 33 (34.7)
Curvature
Small curvature 54 (56.8)
Large curvature 10 (10.5)
Small and large 14 (14.7)
Not evaluated 17 (17.9)
Primary tumor
pTla 9(9.5)
pTlb 12 (12.6)
pT2a 12 (12.6)
pT2b 8 (8.4)
pT3 51 (53.7)
pT4 332
Regional lymph nodes
pNO 28 (29.5)
pN1 36 (37.9)
pN2 13 (13.7)
pN3 12 (12.6)
PNx 6 (6.3)
Distant metastasis
pPMx 87 (91.6)
pM1 8(8.4)
Laurén classification
Intestinal 45 (47.4)
Diffuse 25 (26.3)
Mixed/indeterminate 25 (26.3)
WHO classification
Adenocarcinoma NOS 48 (50.5)
Tubular 5(5.3)
Papillary 5(5.3)
Mucinous 4(4.2)
Signet-ring cell 22 (23.2)
Undifferentiated 9 (9.5)
Others 2(22)
Ming classification
Expansive 40 (42.1)
Infiltrative 40 (42.1)
Not evaluated 15 (15.8)

NOS: Not otherwise specified; WHO: World Health Organization; pT: Pri-
mary tumor; pN: Regional lymph nodes; pM: Distant metastasis.

2000 and 2006 and identified from the pathology ar-
chives, were selected for study. All patients underwent
curative gastrectomy with standard lymphadenectomy at
the Clinical Hospital of the Federal University of Minas
Gerais. None of the patients had received preoperative
radiation therapy or chemotherapy. In total, 57 patients
underwent distal gastrectomy, 33 had total gastrectomy
and five had partial gastrectomy.

All surgical specimens of the primary tumors and
regional lymph nodes had been processed and examined
histologically by routine HE staining, according to the
institutional protocol”'. The definitions of stages and the
criteria for histological classification followed the World
Health Organization classification” and the Japanese
classification for GC™. The resected primary tumors and
regional lymph nodes were reviewed histologically by two
pathologists using HE staining.

IHC for CD34 and D2-40 was then performed on
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the corresponding paraffin blocks. Serial 4-um-thick sec-
tions were deparaffinized in xylene and rehydrated. A
hydrogen peroxide quench, using 3% H202 with methyl
alcohol, was performed for 20 min. A 15-min incubation
with a serum-free protein blocking agent was then per-
formed. Antigen retrieval was performed using EDTA
buffer at pH 9.0 (CD34), a citrate buffer at pH 6.0 (D2-40)
and a steam cooker for 20 min, with a bench cool down
period of 15 min. A 30-min incubation in the primary
antibodies (Biogenex CD34 monoclonal mouse antihu-
man, clone QBEND/10, at 1:10 dilution; Dako D2-40
monoclonal mouse antihuman, clone D2-40, at 1:30 di-
lution) was performed at room temperature. Secondary
detection consisted of a 30-min incubation using Labeled
Streptavidin-Biotin link (Dako LSAB®+ System), and the
staining was visualized by a 5-min incubation with diami-
nobenzidine tetrahydrochloride. The slides were coun-
terstained with Harris” hematoxylin and cover-slipped. A
normal stomach was used for the control slide for each
immunohistochemical stain. For the negative control,
all of the reagents except for the primary antibody were
used.

All slides were assessed simultaneously by two inves-
tigators (Gresta LT and Cabral MMDA) on a double-
observation microscope, without knowledge of the clini-
copathological data. The slides (HE, CD34 and D2-40)
were screened for (lympho)vascular invasion using strict
criteria . With HE, invasion was considered only if the
tumor cells were within an endothelium-lined, vessel-like
structure. With THC, vessels with endothelial cells stained
by CD34, but not by D2-40, were recognized as blood
vessels, and vessels with endothelial cells stained by both
CD34 and D2-40 were recognized as lymphatic vessels.
Every vessel with tumor cell invasion on one of the three
consecutive sections was identified in the other slides and
was classified as a blood vessel or lymphatic invasion,
based on the immunohistochemical staining profile.

Statistical analysis

The statistical calculations were performed using SPSS
17.0 statistical software (SPSS, Inc., Chicago, 1L, United
States). The McNemar test was used to determine the sig-
nificance of intergroup differences. P < 0.05 was consid-
ered to be statistically significant. The estimation of the
agreement rate between the two methods was obtained
using the Kappa statistic (k). A ;(2 test was applied for the
analysis of associations between categorical variables.

RESULTS

The clinical and pathological characteristics of the 95 pa-
tients with GC are summarized in Table 1. Lymphatic ves-
sels were identified by immunostaining as D2-40-positive
and CD34-positive (Figure 1A-C). Blood vessels were iden-
tified by immunostaining as D2-40-negative and CD34-

positive (Figure 1D-F).

Lymphatic and BVI (HE and IHC)
Histological HE staining revealed LVI from the primary
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Figure 1 Sequential sections stained with hematoxylin and eosin and Imnmunohistochemistry showing neoplastic cell emboli within a space surrounded
by the endothelial lining (arrows). A: Lymphatic vessel invasion (LVI)-hematoxylin and eosin (HE, x 400); B: LVI CD34 (x 400); C: LVI D2-40 (x 400); D: Blood ves-

sel invasion (BVI) (HE, x 100); E: BVI CD34 (x 200); F: BVI D2-40 (x 200).

Table 2 Diagnostic agreement between methods of detection
for lymphatic and blood vessel invasion (7 = 95)

Table 3 Correlation between lymphatic and blood vessel inva-

sion and lymph node status (7 = 89) n (%)

Variables HE IHC P value K

LVI Positive 61 66 0.38 0.50
Negative 34 29

BVI Positive 38 26 0.02 0.20
Negative 57 69

BVI: Blood vessel invasion; LVI: Lymphatic vessel invasion; HE: Hema-
toxylin and eosin; IHC: Immunohistochemistry.

tumor in 61 of the 95 patients (64.2%). In 53 of those
cases, LVI detected by HE staining was confirmed with
D2-40 staining, In contrast, LVI was newly detected in 13
of 34 patients who had been diagnosed as free of LVI by
HE staining. Figure 2 shows examples of false-positive
and false-negative for LVI.

The specimens examined using HE staining showed
a false-negative BVI rate of 12.6% (12/95) and a false-
positive rate of 25.2% (24/95). The positive rate of BVI
determined by HE staining was 40% (38/95); however,
BVI was confirmed by CD34 in only 27.4% of the cases
(26/95).

Figure 3 shows the prevalence of LVI and BVI with
conventional HE staining and IHC in 95 primary tumors.
Table 2 shows the average kappa values for both meth-
ods determined separately for LVI and BVI. The agree-
ment was fair for BVI (x = 0.20) and medium for LVI
(& = 0.50).

(49

T
JBaishideng®

WIJG | www.wjgnet.com

Vascular invasion Lymph node metastasis P value
Negative Positive
LVI-HE Negative 23 (71.8) 9 (28.2)
Positive 5 (8.8) 52 (91.2) 0.001
LVI-THC Negative 20 (74.0) 7 (26.0)
Positive 8 (13.0) 54 (87.0) 0.001
BVI-HE Negative 22 (41.5) 31 (58.5)
Positive 6 (16.6) 30 (83.4) 0.013
BVI-THC Negative 25 (38.5) 40 (61.5)
Positive 3 (12.5) 21 (87.5) 0.019

THC: Immunohistochemistry; HE: Hematoxylin and eosin; BVI: Blood ves-
sel invasion; LVI: Lymphatic vessel invasion.

Correlation of LVI and BVI with other prognostic factors
The LVI and BVI diagnosed by both HE and IHC were
significantly correlated with lymph node metastasis, as
shown in Table 3.

Table 4 shows other clinical-pathologic variables that
were significantly correlated with LVI and BVI when de-
tected by IHC.

DISCUSSION

To improve the detection of vascular invasion in GC,
which is normally performed by routine HE staining,
and to distinguish LVI from BVI, we introduced an IHC
method using the combination of two markers: one spe-
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Figure 2 Example of a patient diagnosed for lymphatic vessel invasion by routine histological examination. A: Example of a patient diagnosed as positive
for lymphatic vessel invasion (LVI) by routine histological examination; B: As false-positive for lymphatic vessel invasion by D2-40 (x 100); C, D: Examples of patients
diagnosed as free of LVI by routine histological examination. False-negatives for LVI detected by D2-40 (x 400).

Table 4 Correlation of lymphatic and blood vessel invasion detected by immunohistochemistry with other prognostic factors (7 = 95)

n (%)

Data LVI BVI
Negative Positive P value Negative Positive P value
Tumor location
Distal third 15 (27.3) 40 (72.7) 0.0391 42 (76.3) 13 (23.7) 0.281
Other locations 14 (35.0) 26 (65.0) 29 (72.5) 11 (27.5)
Curvature
Small curvature 19 (35.2) 35 (64.8) 0.122 41 (76.0) 13 (24.0) 0.131
Large curvature 3 (30.0) 7 (70.0) 8 (80.0) 2 (20.0)
Small and large 1(7.2) 13 (92.8) 7 (50.0) 7 (50.0)
Macroscopy
Borrmann I 5(71.4) 2 (28.6) 0.0011 7 (100.0) 0(0.0) 0.24
Borrmann 1T 4(13.3) 26 (86.7) 21 (70.0) 9 (30.0)
Borrmann I 5 (18.5) 22 (81.5) 17 (62.9) 10 (37.1)
Borrmann IV 0(0.0) 12 (100.0) 7 (58.3) 5 (41.7)
Organ invasion
Negative 26 (45.6) 31 (54.4) 0.0031 46 (80.7) 11 (19.3) 0.297
Duodenum 1(4.3) 22 (95.7) 15 (65.2) 8 (34.8)
Esophagus 1(12.5) 7 (87.5) 6 (75.0) 2 (25.0)
BothE +D 0(0.0) 3 (100.0) 1(33.3) 2 (66.7)
Other 1(25.0) 3 (75.0) 3 (75.0) 1(25.0)
Tumor depth
Early 17 (80.9) 4(19.1) 0.0011 21 (100.0) 0(0.0) 0.0031
Advanced 12 (16.2) 62 (83.8) 50 (67.5) 24 (32.5)
Laurén histology
Intestinal 12 (26.6) 33 (73.3) 0.228 36 (80.0) 9 (20.0) 0.332
Diffuse 11 (44.0) 14 (56.0) 19 (76.0) 6 (24.0)
Mixed/not classified 6 (24.0) 19 (76.0) 16 (64.0) 9 (36.0)

BVI: Blood vessel invasion; LVI: Lymphatic vessel invasion; E + D: Esophagus + duodenum.
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Figure 3 Diagnostic comparison in 95 patients with gastric cancer. A: Di-
agnostic comparison of lymphatic vessel invasion; B: Diagnostic comparison of
blood vessel invasion. HE: Hematoxylin and eosin.

cific to the lymphatic vessel endothelium (D2-40) and the
other pan-endothelial (CD34). In addition to the effec-
tive detection of LLVI and BVI, this method also enabled
the correct evaluation of the predictive value of vascular
invasion in GC for the occurrence of lymph node metas-
tasis. As we expected, the identification of LVI and BVI
was also correlated with other prognostic factors impor-
tant for GC, such as tumor depth and organ invasion,
which have been detected in other studies.

In this study, the group of 95 patients generally re-
flected the profile of GC described in the literature with
regard to age, gender, location of tumor and Laurén his-
tological type. The patients with diffuse-type carcinoma
were significantly younger than those with the intestinal-
type (P = 0.04). This peculiar feature of diffuse-type
neoplasms is well established and reflects differences in
pathogenesis that are generally linked to genetic factors,
whereas intestinal-type neoplasms are more influenced
by environmental factors, such as diet and infection with
Helicobacter pylor.

Data from the literature indicate that most diagnoses
in developing countties occur late, when the disease is al-
ready in the advanced stagem. In our study, 53.7% of the
GCs were in-depth stage pT3 tumors. Additionally, more
than half of our sample (64.2%) had lymph node metas-
tasis at the time of diagnosis.

The prevalence of LVI and BVI in GC has been deter-
mined in vatious studies to vary from 7.2% to 869/,
This wide variation in results could be explained by the
different methods used to evaluate vascular invasion, Ze.,
HE only or usage of IHC staining with endothelium-
specific markers. Three consistent instances of this varia-
tion include the studies of Arigami ez al”® of Sako et al™
and of Yonemura ¢ a/”', who reported higher rates of
detection of LVI with the IHC method when compared
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to routine staining with HE. All three studies strength-
ened the role of IHC in the analysis of vascular invasion
in GC™,

We observed that the difference between HE and
IHC when detecting LVI was not statistically significant
(P = 0.38). However, there were 8 cases of false-positive
and 13 cases of false-negative that were isolated only
after IHC. Thus, the Kappa coefficient was considered
to be only moderate for LVI (x = 0.50). The evaluation
of LVI by only HE is subject to these misconceptions
because of the inability to distinguish retraction artifacts
around glands or cell groups from true vascular invasion.
Occasionally, neoplastic cells occupy the vascular lumen
completely, which makes their identification impossible
without specific marking of the lymphatic endothelium.
Additionally, false-positive results can occur when BVI is
misinterpreted as LVI with HE staining onlym.

The correlation between LVI and the presence of me-
tastasis was statistically significant when assessed by both
methods (P = 0.001). This finding agrees with published
data, in which LVI of the primary tumor was found to be
crucial for the occurrence of lymph node metastasis”™’
Therefore, it is possible to infer that LVI is more widely
found in patients with lymph node metastases than in
those in which the examined lymph nodes ate negative.

We found 24 cases of false-positives for BVI with
HE and 10 false-negatives identified by IHC. Therefore,
the detection of BVI was more accurate and significantly
less frequent with IHC than with HE (P = 0.02). This
result produced a very low Kappa coefficient (x = 0.20)
because of the identification of a large number of cases
as false-positives. The false-positive results obtained
could be explained as cases of LVI that were inadvertent-
ly interpreted as BVI, as it is not possible to distinguish
between blood vessels and lymphatic vessels in all cases
using only HE""",

Our results show that BVI evaluated by both methods
is positively correlated with the presence of lymph node
metastasis, in contrast to what has been demonstrated
by some previous studies”. Tt is interesting to note that
although the previous studies have examined large num-
bers of cases, they performed retrospective review stud-
ies that included only cases of early GC, which explains
the low occurrence of lymph node metastasis and BV
Our study, in contrast, analyzed BVI and lymph node
metastasis not only in eatly GC but also in advanced
cases of GC, which resulted in the statistical significance
described in Table 4.

The presence of lymph node metastasis is considered
to be the most important prognostic factor in GC, and it
is related to the presence of vascular invasion” ™, Ret-
rospective studies have shown that the presence of LVI
and BVI detected by the IHC method is related to tumor
recutrence in patients with and without lymph node me-
tastasis and is also related to a low survival rate***. Tn
this regard, our study revealed the importance of LVI
and BVI as predictive factors, even in the absence of
lymph node involvement.
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The early GC concept applies to those tumors with
more superficial infiltration of the gastric wall. It is
thought that cases of early GC are less likely to show
invasion of blood and lymph vessels. Our data show
that, compared with advanced GC, eatly GC exhibits less
lymph node involvement (P = 0.001), less LVI (P = 0.001)
and less BVI (P = 0.007) detected by IHC. However,
studies of lymphatic network density in the normal gas-
tric wall have found that the concentration of lymphatic
vessels is considerably greater in the muscularis mucosa,
which can be infiltrated in early GC™,

The risk of lymph node metastasis in eatly GC is only
3.2% for the intramucosal and is approximately 19.2%
when invasion reaches the submucosa™. Our results
agree with these findings. We found two cases of eatly
GC (11.2%) with invasion of the submucosa and lymph
node metastasis. Conversely, in 59 cases of advanced GC
(83.0%), the lymph nodes were positive for metastasis.

At present, non invasive imaging methods to propetly
evaluate the likelihood of lymph node metastasis in GC
do not exist. Thus, lymph node staging in eatly GC still
relies on the assessment of specific tumor characteristics
that are related to increased lymph node metastasis, Ze.,
depth of tumor infiltration in the gastric wall, tumor size
greater than 2.0 cm, Laurén histological classification
and LVI. It is noteworthy that, among these factors, the
presence of lymphatic vessel involvement is the most sig-
nificant isolated predictive factor for the occurrence of
lymph node metastasis. Thus, it is essential to include
LVI and BVI evaluation by IHC in routine pathologic
protocols of GC surgical specimens.

Gastrectomy with lymphadenectomy is indicated in
pootly differentiated intramucosal carcinomas, with dimen-
sions larger than 20 mm or in submucosal carcinomas.
However, these criteria are quite strict and may result in
unnecessary surgery. Gotoda e al" proposed more ex-
panded criteria for the endoscopic treatment of early GC
that combined histological type, LVI and BVI, ulceration
and tumor size, thereby enabling the expansion of the
universe of patients with early GC who could potentially
be eligible for endoscopic resection, even with submuco-
sal invasion.

The meta-analysis published by Kwee ez a/™ revealed
several variables significantly associated with the presence
of lymph node metastasis in early GC. Most of these
predictive factors may be perfectly evaluated through pre-
operative exams, endoscopy with biopsy and non-invasive
imaging methods, such as computed tomography and en-
doscopic ultrasound. However, the presence or absence
of LVI and BVI can only be judged by a histopathologi-
cal study after tumor resection.

LVI and BVI must be systematically analyzed as the
histological parameters with the greatest prognostic sig-
nificance and as decisive factors in the choice of comple-
mentary adjuvant therapy. Therefore, we suggest that
more sensitive and more specific methods be incorporated
into the routine protocols for histopathological examina-
tion of GC.

Our results show that the application of IHC using
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two combined markers (CD34 and D2-40) provides a
more accurate detection of LVI and BVI when com-
pared to routine staining with HE. These findings may
be of great value in clinical practice, especially in cases in
which it is not possible to determine the precise lymph
node status because of an insufficient number of lymph
nodes or because lymphadenectomy was not performed.
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Background

Gastric cancer (GC) is the fourth most common cancer and the second most
common cause of cancer deaths in the world. Lymph node metastasis is one
of the most important prognostic factors in patients with GC. The presence of
lymphatic vessel invasion in GC is the strongest risk factor for lymph node me-
tastasis and is known as an independent prognostic factor.

Research frontiers

Usually, lymphatic and blood vessel invasion (BVI) are identified based on con-
ventional hematoxylin-eosin staining, and the diagnosis is made based on the
presence of tumor emboli within the vascular channels lined by a single layer of
endothelial cells, with or without red blood cells. However, this subjective evalu-
ation can lead to inaccurate false-positive and false-negative results.

Innovations and breakthroughs

Recently, interest in vascular invasion has increased because of the develop-
ment of specific markers for the lymphatic endothelium used in immunohisto-
chemistry (IHC), such as Prox-1, which is a transcription factor; Lyve-1, which is
a hyaluronan receptor; podoplanin, which is a glomerular podocyte membrane
protein and D2-40. It has been demonstrated that D2-40 is the best marker for
the lymphatic endothelium. Used in combination with panendothelial markers
such as CD34 or CD31, D2-40 permits the differentiation between lymphatic
and BVI and the study of both processes in GC metastasis.

Applications

Uncertain criteria for the diagnosis of (lympho)vascular invasion may affect the
clinical assessment of prognosis and may change the course of therapy for the
patients. This study shows that the immunohistochemical identification of lym-
phatic and blood vessels is useful for increasing the accuracy of the diagnosis
of lymphatic and BVI and for predicting lymph node metastasis in GC.
Terminology

Blood and lymphatic vessels show different functions and phenotypic expres-
sion. IHC is a procedure which identifies specific antigens expressed by the
cells or tissues, making it possible to determine their origin. Vascular invasion
is the presence of tumor cells within the lumen of blood or lymphatic vascular
spaces, which can be transported into the bloodstream, producing metastasis.
Peer review

Authors demonstrated that the IHC of two different endothelial markers D2-40
and CD34 is useful for accurate diagnosis of vessel invasion and for predicting
lymph node metastasis.
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