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The prognostic significance of tumor lymphangiogenesis
and lymphatic vessel density in endometrioid
carcinoma of the uterine corpus
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Abstract. The present study aimed to assess the prognostic
significance of tumor lymphangiogenesis and lymphatic vessel
density (LVD) in endometrioid carcinoma of the uterine
corpus. The association between LVD and various factors,
including lymphatic vessel invasion (LVI), and nodal metas-
tases, were investigated. Among 202 surgically treated cases,
19 cases with nodal metastases with the infiltration reaching
the outer-half myometrium (N* group) were selected. The
LVDs of hotspots in each case were examined at 100x magni-
fication on D2-40 stained slides of the inner- and outer-half
myometrium of the peritumoral, and control compartments.
Furthermore, for the peritumoral compartment, the LVDs in
two types of areas, LVI-present and LVI-absent, were exam-
ined for each location of myometrium, which amounted to
6 spots/case. They were statistically compared. Second, to
determine whether the existing myometrium influenced LVD,
LVDs in the intratumoral compartment were investigated,
which were defined as a region where residual muscular
tissue was unrecognizable with desmin-immnostaining. As
a negative control group, LVDs of the inner- and outer-half
myometrium of the peritumoral, and control compartments
of 29 cases without nodal metastases in stage IB (N group)
were examined. No significant association was identified
between the LVD and frequency of LVI. However, the LVDs
in the peritumoral compartment and inner-half myometrium
were higher compared those in the control compartment, and
outer-half myometrium in N* and N° groups, respectively. No
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significant differences were identified in LVD of the peritu-
moral compartment between groups. The lymphatic vessels
were absent where the existing muscular tissue was absent
in 16/19 cases. Although higher LVDs in the peritumoral
compartment suggested tumor lymphangiogenesis, it was not
associated with LVI and nodal metastases. Other factors that
influenced LVD were the location in the myometrium and the
existing myometrium.

Introduction

Increased lymphatic vessel density (LVD) in the peritumoral
and/or intratumoral regions has been reported to be associated
with the presence of lymphatic vessel invasion (LVI), resulting in
regional lymph node metastases and poor prognosis, and reflects
tumor lymphangiogenesis in carcinomas of various sites (1-7).
Endometrioid carcinoma is the most frequently-occurring
carcinoma of the uterine corpus. The incidence of nodal
metastases is relatively low and the presence or degree of
lymphovascular invasion was related to the nodalmetastases
or worse survival (8-11). However, an association between
the LVD and the frequency of LVI has not been reported.
Histologically, the lymphatic vessels with tumor invasion are
usually scattered, not continuous or numerous in the peritu-
moral region of the cases even with nodal metastases. In the
articles published so far regarding the carcinomas of other
sites (1-7), the association has been examined by comparing
the LVDs between two groups, one with the presence of LVI
and the other with the absence of LVI. We think that if tumor
lymphangiogenesis causes LVI by increasing LVD, the LVD
in an area including LVI should be higher than in an area not
including LVI within a case. So we would select cases with
nodal metastases and investigate the association in a different,
more detailed way, by examining the LVDs in two types
of hot spots, an LVI-present (LVI*) area and an LVI-absent
(LVT) area, in both the inner- and outer-half myometrium
of the peritumoral region in a case. Since the distribution of
lymphatic vessels in the uterine corpus tends to be irregular
and random (12,13), the numbers of lymphatic vessels could
originally be different between the inner- and the outer-half
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myometrium. We would also investigate the LVDs in the
control regionfor the comparison.

Second, we would examine whether the destruction of the
existing myometrium influences the LVD, by investigating the
LVD in the intratumoral region, which we define as a region
where residual muscular tissue is not recognizable with desmin
immnostaining. In the breast and prostate (14-16), the LVDs
have been reported to increase in the peritumoral region but
not in the intratumoral region, where the existing architecture
is destroyed by carcinoma.

In addition, we would investigate the LVDs in inner- and
outer-half myometrium of the peritumoral and control regions
in cases without nodal metastases as a negative control group.

By clarifying the questions mentioned above, we would
assess the prognostic significance of tumor lymphangiogenesis
and LVD in endometrioid carcinoma of the uterine corpus.

Materials and methods

Case selection. Out of the 222 cases diagnosed as endome-
trioid carcinoma of the uterine corpus that underwent total
abdominal hysterectomy, bilateral salpingo-oophorectomy
and lymph node dissection (pelvic or pelvic and para-aortic
lymph nodes) without chemoradiation therapy at our institution
between 2008 and 2015, 20 cases which also had endometrioid
carcinoma in the ovary were excluded. Twenty-four cases of
the remaining 202 cases showed nodal metastases. Nineteen
of these 24 cases, where the carcinoma reached the outer-half
myometrium (N* group), were selected. As a negative control
group, 29 cases in stage IB with more than 20 lymph nodes
dissected showing no metastases (N° group), were selected
during the same period.

The age of the N* group ranged from 38 to 74 with a mean
of 58.4. The tumor grade was assessed according to the FIGO
system, and the cases consisted of G1, n=7, G2, n=8 and G3,
n=4. The age of the N" group ranged from 39 to 73 with a
mean of 58.6. The cases consisted of G1, n=16, G2, n=8 and
G3, n=5.

Immunohistochemistry. Several paraffin blocks, containing
lesions of the deepest invasion, LVI and control areas for each
case, were chosen for immunohistochemical examination using
antibodies against D2-40 (M3619, Dako, Glostrup, Denmark)
and desmin (D33; Dako). A D2-40 antibody was used for the
detectionof lymphatic vesselsand adesmin antibody for the recog-
nition of the existing muscular tissue. Four-micrometer-thick
sections were obtained from paraffin-embedded blocks.
Immunohistochemistry was conducted using a BenchMark
XT (Ventana Medical Systems Inc., Tucson, AZ, USA) and an
I-View DAB detection kit (Ventana Medical Systems Inc.) at a
dilution of 1:100 for both antibodies.

Quantification of lymphatic vessels. The three compartments,
the intratumoral, peritumoral and control compartments of
the uterine corpus were defined as follows. The intratumoral
compartment was defined as the area encompassing all the
cancer glands. The stroma of the intratumoral compartment
was the region where the residual muscular tissue was not
recognizable with desmin-immunostaining. The peritumoral
compartment was a 2 mm-wide area around the intraumoral
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Figure 1. LVDs of 6 hot spots examined. Six circular areas surrounded by
dotted lines showed LVI* and LVI areas of peritumoral compartment, and
LVI areas of control compartment in inner- and outer-half myometrium.
LVD, lymphatic vessel density; LVI, lymphatic vessel invasion.

compartment. The peritumoral compartment was defined as
a region where the existing muscular tissue was preserved.
The control compartment was an area beyond the peritumoral
compartment.

A hot spot on a D2-40 immunostained slide was chosen
at 100x magnification through cell Sense Standard (a soft-
ware installed to the camera connected to the microscope,
Olympus) and the view of the chosen area (2.3 mm?) was
printed out for manual counting of lymphatic vessels. We
refer to the number of the lymphatic vessels per 2.3 mm?
as LVD. Hot spots were chosen for the LVI* and LVI areas
of both the inner- and outer-half myometrium in the peritu-
moral compartment, and similarly for the LVI area in the
control compartment, which amounted to 6 spots examined
per case (Fig. 1). In addition, for the LVI* area, the number
of lymphatic vessels with tumor invasion (LVD with tumor
invasion) was also counted.

For the intratumoral region, when the lymphatic vessels
were recognized, the LVD was similarly counted and if LVI
was present, the LVD with tumor invasion was also counted.

For the N™ group, the LVDs in both inner- and outer-half
myometrium of the peritumoral and control compartments were
counted. Only one hot spot was examined in each part of the
myometrium of the peritumoral compartment regardless of LVI.

Statistical analysis. The LVDs in the peritumoral and control
compartments were statistically compared within each group.
And the LVDs in the inner- and outer-half myometrium of
the peritumoral regions were compared respectively between-
groups, in which case the higher LVD of each location of the
peritumoral compartment in the N* group was chosen for the
comparison regardless of the LVI status. Statistical analyses
were performed using Statcel 3. Student's t-test, Welch t-test
or Mann-Whitney's test was used for the comparison. P<0.05
was considered to indicate a statistically significant difference.
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Table I. Location of LVI in the peritumoral compartment of
19 cases in N* group.

Location Presence of LVI

Inner-half + + - -
myometrium

Outer-half + - + -
myometrium

Number of cases 14 1 3 1? 19

*The case showed the LVI only in the intratumoral compartment. LVI,
lymphatic vessel invasion.
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Figure 2. An actual view at 100 magnification (2.3 mm?) of an LVI* area
in a peritumoral compartment. Lymphatic vessels with tumor invasion were
present in a scattered way and counted as LVD with tumor invasion (magni-
fication, x100, D2-40).

Spearman's rank correlation test was used to assess the
correlation between the LVD with tumor invasion and the
LVD in the LVI* areas of the peritumoral compartment of the
N* group.

Results

On Hematoxylin and eosin (H&E) slides, in the endometrium
all cases showed continuous expansive proliferation of carci-
noma with little stroma. In the myometrium, on the other hand,
G1 and G2 tumors generally showed a discontinuous, adeno-
myosis-like pattern of infiltration with some desmoplastic
stroma or muscular tissue intervening. In contrast, G3 tumors
showed an expansive pattern of infiltration without intervening
stroma as seen in the endometrium.

At least one LVI was suspected on H&E slides and
confirmed with D2-40 immunostaining in all 19 cases of
the N* group. In the peritumoral compartment, the LVI was
present (Fig. 2) in both the inner- and outer-half myometrium
in 14 of the 19 cases, only in the inner-half in one case, in
the outer-half in 3 cases and in neither of them in one case,
which showed the LVI only in the intratumoral compartment
(Table I). The number of cases available for examining the
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Figure 3. Close proximity between lymphatic vessels and arteries. Lymphatic
vessels were present in a perivascular region (magnification, x200, D2-40).

LVD of the inner-half myometrium of the control compart-
ment was 18 with one case showing ubiquitous LVI in the area
excluded. A close proximity between the lymphatic vessels
and small-to medium-sized arteries was noted in all compart-
ments (Fig. 3).

In the N group, even when LVI was unrecognized on H&E
stained slides, at least one LVI was suspected on D2-40 immu-
nostained slides in most of the cases. The absence of LVI was
confirmed in only 2 cases.

<LVDs of the N* and the N° groups> In the N* group
(Table ITA) the LVDs of the LVI* and LVI areas in the
peritumoral and control compartmentswere 69.53+30.53,
76.47+£36.00 and 34.17+£26.02 for the inner-half myome-
trium and 33.24+23.06, 46.53+32.22 and 16.37+8.38 for the
outer-half myometrium. The range of LVDs varied widely
in both compartments. The LVDs with tumor invasion were
8.07+£7.25 and 6.94+9.98 for the inner- and the outer-half
myometrium, respectively. No correlation was found between
the LVD with tumor invasion and LVD in both the inner- and
outer-half myometrium of the peritumoral compartment
(Spearman's rank correlation test).

In the N™ group (Table IIB) the LVDs in the peritumoral and
control compartments were 63.21+36.24 and 46.10+59.38 for
the inner-half myometrium and 41.86+27.21 and 18.21+9.53
for the outer-half myometrium.

The comparison of the LVDs within each group is shown
in Tables IITA and IIIB. In the N* group (Table IIIA), the
LVDs between the LVI* and the LVI areas of both the inner-
and outer-half myometrium were not different (P=0.56 for
the inner-half myometrium and 0.17 for the outer-half
myometrium. However, compared to the LVDs in the
control compartment, those in the peritumoral compartment
increased, irrespective of the presence of LVI (P=0.0011,
0.00025 for the LVI* and the LVI areas of the inner-half
myometrium, and 0.0099, 0.00079 for those of the outer-half
myometrium). And the LVDs of the inner-half myometrium
were higher than those of the outer-half myometrium in both
the peritumoral and control compartments (P=0.00062,
0.042, 0.00016, 0.010 for the peritumoral compartment, and
0.012 for the control compartment).
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Table II. LVDs of N* and N" groups.
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A, LVD of N* group

Mean =+ standard deviation (range)

Peritumoral compartment

Control compartment

Inner-half myometrium

Outer-half myometrium

Inner-half Outer-half
LVI* area LVI area LVI* area LVI area myometrium myometrium
(n=15) (n=19) (n=17) (n=19) (n=18) (n=19)
LVD 69.53+30.53 76.47+35.97 33.24+£23.06 46.53+32.22 34.17£26.02 16.37+8.38
(11-111) (23-164) (6-99) (6-145) (0-101) (3-33)
LVD with tumor 8.07+7.25 Not applicable 6.94+9 98 Not applicable ~ Not applicable ~ Not applicable
invasion® (2-22) (1-43)
B, LVD of N group
Mean =+ standard deviation (range)
Peritumoral compartment Control compartment
Inner half myometrium Outer half myometrium Inner half myometrium Outer half myometrium
LVD 63.21+£36.24 41.86+27.21 46.10+59.38 18.21+9.53
(15-139) (0-91) (0-295) (3-40)

“There is no correlation between the lymphatic vessel density (LVD) and LVD with tumor invasion (Spearman's rank correlation test).

In the N group, as in the result of the N* group, LVDs
of both inner- and outer-half myometrium of the peritumoral
compartment were higher than those of the control compart-
ment (P=0.0075 and 0.00014). Also, LVDs of the inner-half
myometrium were higher than those of the outer-half myome-
trium in both the peritumoral and control compartments
(P=0.021 and 0.032).

In both the N* and the N" groups, the differences in LVD
between the peritumoral and control compartments were more
statistically significant than those between the inner- and
outer-half myometrium.

The differences in LVD of the peritumoral compartments
between the groups were not significant (P=0.067 and 0.29 for
inner- and outer-half myometrium).

In the intratumoral compartment of the N* group, no
Iymphatic vessels were found in 16 of the 19 cases, and only
3 cases showed the presence of lymphatic vessels, 2 in the
desmin-negative stroma and one in the solidly proliferating
area of G3 tumor. All the 3 cases showed the LVI (Fig. 4). The
ratio of the LVD with tumor invasion to the LVD were 3 to
18 (G2), 3 to 11 (G3) and 1 to 1 (G1) in the 3 cases (Table IV).

Discussion
In our study, twenty-four of the 202 cases (12%) had nodal

metastases. The rate was consistent with the relatively low
incidence reported so far, which ranged from 10 to 15% (11).

Figure 4. Lymphatic vessel invasion (LVI) of an intratumoral compartment.
LVI was present in desmin-negative stroma (A) H&E, (B) D2-40, (C) desmin,
x200 magnification and in solid tumor (D) D2-40, x400 magnification.

The presence of LVI has been reported to be associated with
nodal metastases in one article (11). In our study, the LVI was
recognized in all 19 cases of the N* group with D2-40 immu-
nostaining, and even in the N group, the absence of LVI was
confirmed only in 2 of 29 cases. Therefore, not the presence of
LVI itself but the degree of LVI could be a possible predictor
of nodal metastases. There was no correlation between
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Table III. Comparison of LVDs within each group.
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A, Statistically significant differences in LVD in N* group

Location
Peritumoral compartment Control compartment P-value Statistical test
Inner-half myometrium
LvI* 0.0011 Student's t-test
LVI 0.00025 Student's t-test
Outer-half myometrium
LvI* 0.0099 Welch's test
LVI 0.00079 Welch's test
Inner-half myometrium Outer-half myometrium
Peritumoral compartment
LVI* LvI* 0.00062 Student's t test
LVI 0.042 Student's t test
LVI LVI* 0.00016 Student's t test
LVI 0.010 Student's t test
Control compartment
0.012 Welch's test
B, Statistically significant differences in LVD in N" group
Location
Peritumoral compartment Control compartment P-value Statistical test
Inner-half myometrium 0.0075 Mann-Whitney's test
Outer-half myometrium 0.00014 Mann-Whitney's test
Inner-half myometrium Outer-half myometrium
Peritumoral compartment 0.021 Mann-Whitney's test
Control compartment 0.032 Mann-Whitney's test

P<0.05 was considered statistically significant. LVD, lymphatic vessel density; LVI, lymphatic vessel invasion.

Table IV. LVD and LVD with tumor invasion in the intratu-
moral compartment in N* group.

Cases LVD LVD with tumor invasion
16 cases 0 Not applicable
3 cases

Case 1 (G2) 18 in stroma 3

Case 2 (G3) 11 in tumor

Case 3 (G1) 1 in stroma 1

LVD, lymphatic vessel density.

the LVD and frequency of LVI, and the LVD did not differ
with the presence of LVI in the N* group. However, tumor

lymphangiogesis was suggested, in that the LVDs in both the
inner- and outer-half myometrium of the peritumoral compart-
ments were higher than those of the control compartments.
In both the N* and N° groups. Also, there was no difference
in LVD of peritumoral compartments between the groups.
Therefore, although tumor lymphangiogenesis increased LVD,
the increased LVD was not related to the LVI and nodal metas-
tases.

One of the factors to determine the LVD other than tumor
lymphangiogenesis was the location in the myometrium. Not
only in the peritumoral compartment but also in the control
compartment, the LVDs in the inner-half myometrium were
higher than those in the outer-half myometrium in both
groups. Lymphatic vessels in uterine corpus showed an inti-
mate association with arteries (Fig. 3) (13). Anatomically, in
the inner third of the myometrium, abundant radial vessels
from the subserosal arteries, the arcuate arteries, branched
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into the endometrium (12). Therefore, the richer vasculature
in the inner-half myometrium should be one explanation for
the higher LVD. This tendency was retained in the carci-
noma-harboring uterine corpus regardless of the presence of
LVI and nodal metastases.

Another influence on the LVD was the existing myome-
trium. There were no lymphatic vessels where the existing
muscular tissue disappeared in 16 of 19 cases of the N* group.
The result was in contrast to the high intratumoral LVD of
gastric cancer, which generally had a high incidence of nodal
metastases (17). Tumor lymphangiogenesis was also suggested,
in that the remaining 3 cases showing lymphatic vessels also
presented LVI, though the frequency (3/19) was low. In conclu-
sion, the range of LVD varied widely in the uterine corpus.
Our result showed that tumor lymphangiogenesis did not have
an absolute impact on the LVD, LVI and nodal metastases
in the carcinoma. The location, inner- or outer-half, in the
myometrium, and the presence of the existing myometrium
were important influences on the LVD other than tumor
lymphangiogesis. The prognostic significance of the increased
LVD caused by tumor lymphangiogenesis in the peritumoral
compartment was not evident in endometrioid carcinoma of
the uterine corpus in our study.
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