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Abstract

In esophageal cancer, metastases in regional lymph nodes occur
early and are a poor prognostic factor. We studied intratumoral
and peritumoral lymphatic vessel density, and intratumoral and
peritumoral lymphatic vessel invasion using D2-40 immunohis-
tochemical staining in 74 resected esophageal cancer specimens
and correlated results with patients’ clinicopathologic features
and outcomes. Results were analyzed by univariate and multi-
variate logistic regression as well as univariate and multivari-
ate survival analysis. The peritumoral lymphatic vessel density
was significantly higher than the intratumoral lymphatic vessel
density (p < 0.001). The peritumoral lymphatic vessel density
and intratumoral lymphatic vessel density positively correlated
with lymph node metastasis, tumor stage, depth of tumor inva-
sion, and residual tumor. Positive intratumoral lymphatic vessel
invasion and peritumoral lymphatic vessel invasion were sig-
nificantly correlated with lymph node metastasis, tumor size,
tumor depth, stage, and residual tumor. Multivariate logistic
regression analysis identified intratumoral lymphatic vessel
density (p = 0.028) and peritumoral lymphatic vessel invasion
(p = 0.036) as risk factors of lymph node metastasis. Cox regres-
sion analysis showed that intratumoral lymphatic vessel inva-
sion and peritumoral lymphatic vessel invasion are independent
prognostic factors of disease-free survival (p = 0.018, p = 0.021),
cancer-specific survival (p = 0.016, p = 0.025), and overall surviv-
al (p =0.017, p = 0.02). Intratumoral lymphatics and peritumoral
lymphatic vessel invasion are predictive factors of lymph node
metastasis. Intratumoral and peritumoral lymphatic vessel in-
vasion are independent prognostic factors in locally advanced
esophageal cancer.

Streszczenie

Przerzuty do regionalnych weztéw chtonnych w raku przetyku wy-
stepuja wczesnie i s3 niekorzystnym czynnikiem prognostycznym.
Przebadano gestos¢ naczyn limfatycznych wewnatrz i wokot guza
oraz inwazje naczyn limfatycznych wewnatrz i wokét guza meto-
da immunohistochemiczng w 74 resekowanych guzach raka prze-
tyku, wybarwiajac naczynia przeciwciatem D2-40, i skorelowano
uzyskane wyniki z cechami kliniczno-patologicznymi i przezyciem
pooperacyjnym chorych. W analizie statystycznej zastosowano
testy jedno- i wieloczynnikowej regresji logistycznej, jedno- i wie-
loczynnikowej analizy przezycia. Gestos¢ naczyh limfatycznych
wokot guza byta znamiennie statystyczne wyzsza niz wewnatrz
guza (p < 0,001). Gestos¢ naczyh limfatycznych wokét i wewnatrz
guza pozytywnie korelowata z przerzutami do weztéw chtonnych,
stopniem zaawansowania, gtebokoscig nacieku nowotworowego
i doszczetnoscig resekcji. Inwazja naczyn limfatycznych wewnatrz
i wokét guza pozytywnie korelowaty z przerzutami do weztéw
chtonnych, wielkoscig guza, gtebokoscig nacieku nowotworowe-
g0, stopniem zaawansowania i doszczetnoscia resekcji. W anali-
zie wieloczynnikowej regres;ji logistycznej stwierdzono, ze gestos¢
naczyn limfatycznych wewnatrz guza (p = 0,028) i inwazja ko-
morek nowotworowych w naczyniach limfatycznych wokét guza
(p = 0,036) sa niezaleznymi czynnikami predykcyjnymi ryzyka wy-
stapienia przerzutéw w regionalnych weztach chtonnych. W mo-
delu wieloczynnikowe] regresji Coxa stwierdzono, ze inwazja
naczyh limfatycznych wewnatrz guza i wokoét guza stanowig nie-
zalezne czynniki prognostyczne czasu wolnego od nawrotu cho-
roby (p = 0,018, p = 0,021), czasu przezycia zaleznego od choroby
(p = 0,016, p = 0,025) i czasu catkowitego przezycia (p = 0,017,
p = 0,02) chorych. Naczynia limfatyczne wewnatrz guza i inwa-
zja naczyn wokét guza sa czynnikami predykcyjnymi przerzutéw
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Introduction

In esophageal cancer, the presence of neoplastic cells in
lymph nodes is one of the best clinical criteria in the evalu-
ation of tumor advancement, a significant prognostic indi-
cator for outcome, and important in the selection of appro-
priate combined treatment [1]. However, even for patients
in the same stage, the clinical course can be quite variable.
Patients with lymph node involvement have an increased
risk of disease recurrence and reduced overall survival even
after extended radical esophagectomy with three-field lym-
phadenectomy [2].

Lymphatic vessel density (LVD) is one of the ways to
evaluate lymphangiogenesis. Several types of cancer can
induce the formation of lymphatic vessels [3], whereas
other cancers do not actively induce lymphangiogenesis
and simply invade existing lymphatic vessels [4]. Studies
of intratumoral and peritumoral LVD and lymphatic vessel
invasion (LVI) have been hampered by the lack of specific
lymphatic markers. Recently, the assessment of lymphangi-
ogenesis as well as intratumoral and peritumoral lym-
phatic vessel invasion of neoplasms has become possible
with the development of lymphatic vessel-specific markers
such as lymphatic vessel endothelial hyaluronan receptor-1
(LYVE-1) [5], human transcription factor Prox-1[6], and glo-
merular podocyte membrane mucoprotein podoplanin [7].
The D2-40 antibody detects a fixation-resistant epitope on
podoplanin, which is a selective marker for lymphatic en-
dothelium, allowing for the identification of lymphatic ves-
sels in formalin-fixed, paraffin-embedded tissue sections
and the study of LVD and LVI in solid tumors [8].

In the present study we evaluated LVD and LVI detected
by D2-40 staining in intratumoral and peritumoral areas in
order to clarify their significance in nodal metastasis and
prognosis in patients with esophageal cancer.

Material and methods
Patients and tissues

Tumor specimens were obtained from 74 patients with
primary esophageal squamous cell cancer and adenocarci-
noma who underwent esophagectomy at the Department
of Thoracic Surgery, Medical University of Bialystok. Only
distal esophageal adenocarcinomas (adenocarcinoma of
the esophagogastric junction type | according to the Siew-
ert classification) were included, whereas adenocarcinoma
types Il and Il were strictly excluded. All patients under-
went peri-esophageal and perigastric lymph node dissec-
tions. None had received preoperative chemotherapy or
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radiotherapy. The study population consisted of 60 men
(81%) and 14 women (19%). The median age at the time
of diagnosis was 66 years (range: 42 to 78 years). Patho-
logical staging was based on the AJCC TNM classification
(7th edition) [9]. No deaths occurred in the study popula-
tion within 30 days of the operation or during the hospital
stay. Follow-up information was available for all patients.
Evaluations were performed every 3-6 months by means
of a clinical history, physical examination, laboratory anal-
ysis, fiberoptic esophagoscopy, ultrasound examination of
the neck and abdomen, barium esophagram, computed
tomography, endoscopic ultrasound (EUS), PET-CT, and
endobronchial ultrasound (EBUS) if necessary. The me-
dian follow-up period was 28.5 months with a maximum
of 107 (range: 3-107). Analysis was performed on overall
survival, disease-free survival, and cancer-specific survival.
Overall survival, disease-free survival, and cancer-specific
survival were all calculated from the date of the surgery to
the last contact made with all living patients, to the date
of the last follow-up for disease-free patients, and to
the date of esophageal cancer-induced death, respectively.
Patients who died from causes unrelated to the esophage-
al carcinoma, with no evidence of the disease, were death-
censored. The sites of recurrent tumors were documented
in 48 patients as they were determined by clinical and/or
radiographic procedures. None were identified at autopsy
or by reoperation of asymptomatic patients. Recurrence
categories were subsequently expressed as the first site
of recurrence rather than the cumulative (total) incidence
of recurrence. Local recurrence was defined as the reap-
pearance of cancer in the tumor bed and/or at the site of
anastomosis. Forty-one patients received chemotherapy,
radiotherapy, or both postoperatively and during follow-
up. In total, thirty-seven patients died of cancer. Normal
esophageal tissues three cm away from the tumor were
collected as control specimens.

Analysis of protein expression by
immunohistochemistry (IHC)

Surgical specimens were fixed in a 10% buffered for-
malin solution for 24 h, and then embedded in paraffin
and handled in the Department of Pathology at the Medi-
cal University of Biatystok for further processing. The tissue
samples were obtained from the tumor and adjacent benign
peritumoral tissue. Immunohistochemistry was performed
using the avidin-biotin-peroxidase complex technique (ABC-
technique). Paraffin-embedded slides were prepared from
each study block by cutting slices at a thickness of four
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micrometers. The slides were heated in a microwave oven
containing a 0.01 mmol/l sodium citrate (pH 6.0) solution
for antigen retrieval. Sections were then treated with 0.3 %
H,0, for 10 min at room temperature. Slides were incubated
for one hour at room temperature in a humidity tray with
primary antibodies — D2-40 (mouse monoclonal antibody,
1: 10, ABD-Serotec). Slides were rinsed twice in 0.1 mmol/|
PBS (pH ~ 7.4) for 5 min, and incubated for 30 min at room
temperature with anti-goat biotinylated secondary anti-
body (Vectastain ABC Kit, Vector) and anti-mouse bioti-
nylated secondary antibody (Peroxidase Detection System,
Novocastra) to identify the target complexes. The sections
were stained with 3’3-diaminobenzidine (DAB) to visualize
antigen-antibody complex. Nuclei were then stained with
Mayer’s hematoxylin. Positive controls were made using tis-
sue samples provided by the antibody manufacturer which
showed high expressions of proteins. Negative controls were
made with the same tissue but without any antibodies.

Definition of lymphatic vessel density
and lymphatic vessel invasion

Lymphatic vessel density (LVD) was evaluated accord-
ing to methods described by Weidner et al[10] with slight
modifications. Any brown stained endothelial cell or cell
cluster clearly separated from the adjacent cells, tissue ele-
ments and microvessels was defined as a lymph channel.
All slides were screened using a low-magnification lens to
identify areas that contained the highest number of D2-40
positively stained lymphatic vessels within the desmoplas-
tic stroma (hot spot). The total number of vessels was then
counted in five fields of hot spots at 400x magnification
and converted to the number of vessels per 0.15 mm?2
LVD was determined as the mean value of vessel count
for each case. Peritumoral lymphatic vessels were defined
as D2-40-positive vessels in adjacent benign peritumoral
tissue. Intratumoral lymphatic vessels were defined as
D2-40-positive vessels located within the tumor mass and
not confined by invagination of normal tissue. Intratumoral
lymphatic vessel density (itLVD) and peritumoral lymphatic
vessel density (ptLVD) were assessed separately. Scoring
and counting were performed independently by an investi-
gator who had no patient clinical information. The median
ptLVD and itLVD were calculated.

Lymphatic vessel invasion (LVI) was evaluated by micro-
scopic examination of the slides. The presence of at least
one tumor cell cluster in a D2-40-positive vascular channel
indicated LVI. Assessment of LVI was performed both intra-
tumorally (itLVI) and peritumorally (ptLV1).

Statistical analysis

Distribution was analyzed by the Shapiro-Wilk test.
Categorical data were compared by the y2 or Fisher’s exact
probability test. The correlations of itLVD and ptLVD with
clinicopathologic parameters were analyzed by the Mann-
Whitney U test or the Kruskal-Wallis one-way ANOVA. Re-
lated factors pertaining to lymph node metastasis were
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calculated using univariate and multivariate logistic re-
gression analyses. The Kaplan-Meier method was used to
estimate the probability of survival as a function of time.
The differences in the survival of the subgroups of patients
were compared using a log-rank test. The prognostic value
of lymphatic vessel density and lymphatic vessel invasion
was examined in univariate and multivariate analysis with
Cox’s proportional hazard model. All p values were based
on two-tailed statistical analyses, and a p value less than
0.05 was considered significant. Statistical analyses were
carried out using Statistica 8.0 PL software (StatSoft Inc.,
Tulsa, OK, USA) and SPSS 17.0 software for Windows (SPSS
Inc., Chicago, IL, USA).

In accordance with the Declaration of Helsinki, the study
protocol was approved by the Local Ethics Committee
(No. R-1-002/188/2008) and informed written consent was
obtained from all patients before participation.

Results

In the majority of the esophageal tumors, lymphatic
vessels identified with D2-40 staining were different in
size and shape, with thin walls and no perivascular cells,
and were found in both tumor and peritumoral areas. In-
tratumoral lymphatic vessels were usually small, irregular,
had a tortuous or collapsed lumen, and were located in
the close vicinity of tumor cells. Peritumoral lymphatic ves-
sels were often enlarged and dilated with widely opened
lumina. Peritumoral lymphatic vessels were more numer-
ous than the intratumoral channels. Their size and shape
varied from case to case and even in the same microscopic
field of a single sample. Examples of intratumoral lym-
phangiogenesis, intratumoral lymphatic vessel invasion,
and peritumoral lymphatic vessel invasion are shown in
Figs. 1A and 1B.

Lymphatic vessel density in peritumoral areas (median
38, range 20-51) was significantly higher than that in in-
tratumoral areas (median 28, range 12-42, p < 0.001). Lym-
phatic vessel density was divided into a high LVD group and
a low LVD group according to the median. High ptLVD was
associated with lymph node metastasis, stage, depth of in-
vasion, tumor size, residual tumor, and sex. Higher itLVD
significantly correlated with lymph node metastasis, stage,
depth of invasion, tumor size, residual tumor, and histologi-
cal type (Table I).

Positive LVI was observed intratumorally in 58% (43/74)
of cases and peritumorally in 62% (46/74) of cases. Tissue
samples with both positive intratumoral LVI and peritu-
moral LVl were observed in 47% (35/74) of cases. Positive
itLVI was significantly correlated with tumor size, histologi-
cal grade, tumor depth, stage, lymph node metastasis, and
residual tumor. Positive ptLVI was associated with lymph
node metastasis, stage, depth of invasion, tumor size,
residual tumor, and sex (Table I). High itLVD and ptLVD
showed a significant correlation with the presence of itLVI
and ptLVI (p = 0.001 and p < 0.001 respectively).

A logistic regression analysis was performed to de-
termine which of the parameters studied best predicted
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Fig. 1A. Intratumoral lymphangiogenesis and intratumoral lym-
phatic vessel invasion. The endothelial cells of small lymphatic
vessels stained with D2-40. Cancer cells are clearly outlined by
D2-40 positive lymphatic vessels (squamous cell carcinoma; ma-
gnification 600x)

Fig. 1B. Peritumoral lymphatic vessel invasion. Cancer cell embo-
lus of the lymphatic vessel is clearly outlined by D2-40 positive
lymphatic endothelial cells. Many dispersed lymphatic endothelial
cells can be seen in the surrounding extracellular matrix (squamo-
us cell carcinoma; magnification 400x)

Tab. I. Association between intratumoral LVD, peritumoral LVD, intratumoral LVI, peritumoral LVI, and clinicopathological criteria

it LVD

Median
(range)

Clinicopatholo- itLVI
gical

criteria

Frequ-
ency
n (%)

p value pt LVD

Median
(range)

p value p value ptLvI

negati-
ve (%)

p value

negati-
ve (%)

positive
(%)

positi-
ve (%)

Age (years)

<66 37 (50) 28 (18-41) 0.961* 38(23-49) 0.8792 14 (37) 23(63) 0319 14(38) 23(62) 0.595¢
> 66 37 (50) 29 (12-42) 39 (20-51) 17 (46) 20 (54) 14 (38) 23 (62)

Sex

F 14 (19) 26 (12-33) 0.0462 30 (20-46) 0.0052 9 (64) 5(36)  0.057¢ 10(72) 4(28)  0.005¢
M 60 (81) 29 (15-42) 39 (23-51) 22(37)  38(63) 18 (30) 42 (70)
Histological type

Sqcc 32 (433) 27(15-41) 0.0262 38(24-49) 0328 15(47) 17(53) 0301° 13(41) 19(59)  0.424¢
Adc 42 (56.7) 29 (12-42) 39 (20-51) 16 (38) 26 (62) 15 (36) 27 (64)

Location

upper 4(54) 31(22-33) 0311°  41(23-44) 0745 2 (50) 2(50)  0938¢ 1(25) 3(75)  0.5059
midthoracic 26 (35.1) 28 (17-33) 38 (25-51) 11(42) 15 (58) 8(31) 18 (69)

lower 44 (59.5) 29 (12-42) 37 (20-47) 18 (41) 26 (59) 19 (43) 25 (57)

Tumor size

<4cm 36 (48.6) 24 (12-38) 0.0022  31(20-45) <0.0012 22(61) 14(39) 0.001° 20 (55) 16(45)  0.002¢
>4cm 38 (51.4) 29 (22-42) 40 (27-51) 9(24) 29 (76) 8(21) 30(79)
Histological

grade

Gl 7(9.4) 24(12-41) 0753 35(20-43) 0.624> 7 (100) 0 (0) 0.0019 5(71) 2(29) 0.093¢
G2 32 (43.2) 28 (15-42) 38 (23-51) 15(47) 17 (53) 13 (41) 19 (59)

G3 35 (47.4) 29 (15-38) 39 (22-47) 9(26) 26 (74) 10 (28) 25 (72)

Stage

I+l 32 (432) 22 (12-41) <0.0012 29 (20-42) <0.0012 22(69) 10(31) <0.001° 21(66) 11(34) < 0.001°
1] 42 (56.8) 29 (24-42) 40 (27-51) 9(22) 33(79) 7(17)  35(83)

T1+T2 21(28.4) 23 (12-41) 0.0012 28 (20-42) <0.0012 16(76) 5(24) <0.001° 14(67) 7(33)  0.002¢
T3+ T4 53 (71.6) 29 (17-42) 39 (22-51) 15(28)  38(72) 14 (26) 39 (74)

NO 25(33.7) 21(12-29) <0.0012 28(20-40) < 0.0012 17(68) 8(32)  0.001¢ 19(76) 6(24) < 0.001¢
N1 49 (66.3) 29 (24-42) 40 (27-51) 14 (28)  35(72) 9(18) 40 (82)

RO 62(83.7) 27(12-42) 0.027° 37(20-51) 0.049%8  31(50) 31(50) 0.001¢ 27(43) 35(57) 0.019¢
R1+ R2 12 (16.3) 30 (18-41) 40 (26-47) 0(0) 12 (100) 1(8)  11(92)

aMann-Whitney U-test; PKruskal-Wallis test; CFisher’s exact test; 932 test; it LVD — intratumoral lymphatic vessel density; pt LVD — peritumoral lymphatic vessel
density; itLVI — intratumoral lymphatic vessel invasion; ptLVI — peritumoral lymphatic vessel invasion; F — female; M — male; Sqcc — squamous cell carcinoma; Adc —
adenocarcinoma; G1 — well differentiated; G2 — moderately differentiated; G3 — poorly differentiated; T1 — tumor invades lamina propria or submucosa; T2 — tumor
invades muscularis propria; T3 — tumor invades adventitia; T4 — tumor invades adjacent structures; NO — no regional lymph node metastases; N1 — regional lymph
node metastases; RO — no residual tumor; R1 — microscopic residual tumor; R2 — macroscopic residual tumor; bold values are statistically significant
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the presence of lymph node metastasis in the current se-
ries of esophageal cancer cases. Univariate analysis showed
that among the various clinicopathologic variables, tumor
size, histological grade, tumor depth, residual tumor, ptLVD,
itLVD, ptLVI, and itLVI were significant risk factors for lymph
node metastasis. As indicated by multivariate analysis, itLVD
(p = 0.028), ptLVI (p = 0.036), increasing depth of tumor in-
vasion (p = 0.01), and tumor size (p = 0.042) were statisti-
cally significant independent risk factors in predicting lymph
node metastases (Table II).

Kaplan-Meier curves showed an increased risk of poor
disease-free survival, cancer-specific survival and overall
survival associated with high itLVD, ptLVD, and D2-40 posi-
tive intratumoral and peritumoral LVI (Figs. 2A-C, 3A-C, 4A-C,
5A-C). The relative risk of poor disease-free survival, cancer-
specific survival, and overall survival was significantly in-
creased for positive ptLVI and positive itLVI in both univari-
ate and multivariate analyses (Table Ill). Furthermore, itLVD
and ptLVD were also shown to be significant unfavorable
predictors for all three survivals by univariate analysis, but
were not independent predictors for all three survivals by
multivariate analysis. Moreover, lymph node metastasis, tu-
mor stage, and residual tumor could serve as predictors by
univariate analysis and as independent predictors by multi-
variate analysis for all three survivals. Tumor size, histologi-
cal grade, and tumor depth were significant predictors for
all three survivals only by univariate analysis (Table Il1).

Discussion

Lymphatic metastasis in esophageal cancer is charac-
terized by early and widespread dissemination. Nodal in-
volvement in the neck or abdominal cavity can be found
irrespective of primary tumor location [11] and lymph node
metastasis is closely related to long-term prognosis in pa-
tients who undergo esophagectomy [12].

Tab. Il. Univariate and multivariate analysis of risk factors for
lymph node metastases.

Multivariate

Factors Univariate
P Odds ratio  95% Cl p

age 0.051 13.021 1.30-130.13  0.071
sex 0.288 0.597 0.067-5.269 0.638
location 0.191 0.508 0.145-1.780  0.281
tumor size < 0.001 1.294 0.713-3.394  0.042
histological grade 0.050 0.912 0.791-2.862 0.124
tumor depth < 0.001 1.523 1.067-5.612  0.010
residual tumor 0.042 0.791 0.593-2.973 0.242
ptLvD 0.001 1.435 0.795-4.924 0.651
itLvD 0.001 1.312 0.02-3.568 0.028
ptLVI < 0.001 1.623 0.516-4.911 0.036
itLvI 0.002 1.221 0.139-5.699 0.463

Cl — confidence interval; pt LVD — peritumoral lymphatic vessel density; it

LVD —intratumoral lymphatic vessel density; itLVI — intratumoral lymphatic
vessel invasion; ptLVI — peritumoral lymphatic vessel invasion; bold values are
statistically significant
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Fig. 2. Kaplan-Meier analysis of disease-free survival (A), cancer-
specific survival (B), and overall survival (C) according to intratu-
moral lymphatic vessel density (itLVD) detected by D2-40 in pa-
tients with esophageal cancer
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tients with esophageal cancer
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In this study, we chose the lymphatic endothelium-spe-
cific marker D2-40 to evaluate LVD and LVI because it was
found to be specifically expressed in lymphatics, which al-
lows for objective identification [8]. Historically, the presence
of intratumoral lymphatic vessels has been a subject of con-
troversy in solid tumors in general, despite the consensus
regarding the existence of peritumoral lymphatic channels.
Previous studies reported that solid tumors do not have intra-
tumoral lymphatic vessels [4] or the intratumoral lymphatics
may be nonfunctional [13]. This study clearly demonstrated
that D2-40-positive lymphatic vessels were detected in in-
tratumoral and peritumoral areas in the majority of tumors.
We observed that intratumoral lymphatics were disorgan-
ized, small and flattened in contrast with the widely open
lymphatics in peritumoral regions. This was in accordance
with previous studies which investigated tumor-associated
lymphangiogenesis using the same antibody in head and
neck, and esophageal cancer [14,15].

In this study, the median LVD in the peritumoral area
was significantly higher than that in the intratumoral area.
Both correlated significantly with sex, lymph node metas-
tasis, tumor size, depth of invasion, stage, and residual
tumor. In contrast, Mori et al. [15] did not find any correla-
tion between LVD and pathological parameters. High itLvVD
was found to be significantly correlated with lymph node
metastasis by Inoue et al. [16] and Imamura et al. [17] in
esophageal cancer, and by Tomita et al. [18] only in sub-
epithelial extension of esophageal cancer. A recent study
suggested that intratumoral lymphatics play a greater role
than peritumoral lymphatics in nodal metastasis of head
and neck cancer [19]. Our results showed that intratumoral
lymphatic vessels were found in large tumors and in tu-
mors that had already spread to regional lymph nodes. Sev-
eral reports have shown that increased ptLVD is positively
associated with prognostic factors, including lymph node
metastasis in patients with gastric, and esophageal cancer
[20, 21]. This suggests that both high itLVD and high ptLVD
have important roles in maintaining an appropriate envi-
ronment for tumor cells and could enhance the entrance of
tumor cells into lymphatic vessels by increasing the contact
surface between lymphatic vessels and tumor cells.

During the course of dissemination through the lym-
phatics, lymphatic invasion by cancer cells is considered
as a preliminary step in the development of lymph node
metastasis. In our study lymph node metastasis was ob-
served in 72% of itLVI-positive and in 82% of ptLVI-positive
patients. Lymph node metastasis was significantly related
to the tissue status of itLVI (p = 0.001) and ptLVI (p < 0.001)
which were diagnosed on D2-40 staining. Lin et al. [22]
have reported similar observations for colorectal cancer.
Imamura et al. [17], Tomita et al. [18] and our earlier study
[23] revealed that LVI in the entire tumor tissue of esopha-
geal cancer was significantly linked with nodal metastasis.
In contrast, Mori et al. [15] found that only ptLVI positively
correlated with lymph node metastasis. Thus, it is likely
that tumor cells metastasize to regional lymph nodes by
invading intratumoral and peritumoral lymph vessels. We
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HR — hazard ratio; Cl — confidence interval; pt LVD — peritumoral lymphatic vessel density; it LVD — intratumoral lymphatic vessel density; itLVI — intratumoral lymphatic vessel invasion; ptLVI — peritumoral lymphatic vessel invasion;
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also found that the presence of both
itLVI and ptLVI significantly correlated
with tumor size, tumor depth, TNM
stage, and residual tumor. Similar to
our present results, Saad et al [21]
and Imamura et al. [17] showed a sig-
nificant correlation between lymphatic
invasion in the entire tumor tissue de-
tected on D2-40 staining and depth of
tumor invasion, stage, and lymph node
metastases. Our analysis suggests that
both itLVI and ptLVI promote malignant
progression of esophageal cancer.

With regard to lymphangiogenesis,
some previous reports noted that high
ptLVD could be a risk factor for lymph
node metastasis in gastric cancer [20],
and head and neck squamous cell car-
cinoma [14]. In esophageal adenocar-
cinoma, Saad et al. [21] reported that
LVD correlated significantly with LVI
and lymph node metastases in multi-
variate analysis. On a prediction model
of lymph node metastasis, Gockel et al.
[24] found that LVI only gained statisti-
cal significance in univariate analysis.
In our univariate analysis of lymph
node prediction, tumor size, histologi-
cal grade, depth of invasion, residual
tumor, ptLVD, itLVD, ptLVI, and itLVI
were highly significant. However, only
itLVD, ptLVI, tumor size, and depth of
invasion were shown to be independ-
ent risk factors to predict lymph node
metastasis in multivariate analysis.

A few studies have investigated
the role of LVD by using D2-40 as
a prognostic marker in esophageal
cancer. Saad et al. [21] showed that LVD
correlated with a short disease-free
survival. Inoue et al. [16] and Imamura
et al. [17] found that high itLVD was
significantly associated with worse
overall survival in univariate analy-
sis. In the present study, the results
of a univariate analysis indicated that
increased both itLVD and ptLVD were
associated with shorter disease-free
survival, cancer-specific survival and
overall survival. However, multivariate
analysis did not prove them as inde-
pendent prognostic predictors. A simi-
lar observation was also noted in a re-
port by Imamura et al. [17]. In contrast,
Inoue et al. [16] stated that itLVD could
serve as an adverse independent prog-
nostic factor for overall survival.
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The relationship between LVI and prognosis has become
evident in various cancers [22]. Previous studies have reported
LVI detected by hematoxylin and eosin staining in the entire
tumor tissue to be an independent predictor of poor overall
survival in curative resected esophageal cancer [25]. Imamura
et al. [17], using D2-40 staining, revealed that positive LVI cor-
related with worse prognosis in univariate analysis and was
an adverse independent prognostic factor for overall survival
in patients classified as node negative. Our earlier study found
that LVI in the entire tumor is an independent prognostic fac-
tor of both disease-free survival and overall survival [23]. This
study’s results show that positive itLVI and ptLVI, like lymph
node metastasis, tumor depth, stage, and positive resection
margin, are significantly associated with worse disease-free
survival, cancer-specific survival and overall survival in uni-
variate and multivariate analyses.

These data provide indirect evidence for the presence
of functional intratumoral lymphatic vessels and indicate
that both intratumoral and peritumoral lymphatic vessels
participate in the lymphatic spread of esophageal cancer.
These results also suggest that itLVI and ptLVI are func-
tionally similar in regard to their metastatic potential and
therefore their evaluation is equally important. These data
also suggest that itLVD, ptLVD, itLVI, and ptLVI detected
by D2-40 staining could be useful in daily pathological or
clinical practice. Evaluation of itLVD, ptLVD, itLVI, and ptLVI
could be used as a complement to lymph node assessment.
Esophageal cancer patients with itLVI or ptLVI have a worse
prognosis than those without, which might be explained by
more aggressive biological behavior and an increased prob-
ability of cancer recurrence in these tumors. The presence
of itLVI or ptLVI indicates that tumor cells have already in-
vaded the lymphatic system. Therefore, in each resectable
tumor, radical esophagectomy with three-field lymphad-
enectomy should be performed. According to our survival
analysis, we recommend that for patients with esophageal
cancer with high itLVD and ptLVD, and positive itLVI and
ptLVI, detailed follow-up should be carried out to detect re-
currence. Earlier implementation and longer courses of ad-
juvant chemotherapy may need to be seriously considered.

In summary, the present study suggests that the lym-
phatic system is an important pathway in the progression
of esophageal cancer. Intratumoral lymphatic vessel densi-
ty and peritumoral lymphatic vessel invasion are predictive
factors of lymph node metastasis. Intratumoral and peritu-
moral lymphatic vessel invasion are independent prognos-
tic factors in patients with esophageal cancer.

This paper was partly presented at the 201" European Con-
ference on General Thoracic Surgery of the European Society
of Thoracic Surgeons in Essen, Germany, June 10-13, 2012.
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