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Background : This study was done to see if there were correlations between anatomic and
molecular parameters such as microvessel density (MVD), lymphatic vessel density (LVD),
and vascular endothelial growth factor receptor (VEGFR)-3 expression and various clinical
parameters for papillary thyroid carcinomas of size > 1.0 cm (PTCs) and size ≤ 1.0 cm (pap-
illary thyroid microcarcinomas, PTMCs). PTMCs were divided into two subgroups (0-5 mm
and 6-10 mm). Methods : We analyzed 197 thyroid carcinomas including 113 PTCs and 84
PTMCs. Tissue samples form 30 patients from each group matched for clinical characteris-
tics were selected for immunostaining. Results : Although PTCs and PTMCs showed signifi-
cant differences in clinical characteristics, they did not show significant difference in MVD,
LVD, or VEGFR-3 expression. There was a significantly higher LVD in the PTMC subgroup
with the larger tumors but no difference in clinical characteristics. LVD was higher in patients
> 45 years old (more apparent in the PTC group) and LVD had suggestive correlations with
multicentricity and extrathyroidal extension depending on analytic conditions. Conclusions :
Since LVD showed variable correlations with clinical variables for papillary carcinoma of the
thyroid depending on analytic conditions, the individually planned treatments based on overall
clinicopathological factors are advised. 

Key Words : Thyroid; Carcinoma, papillary; Neovascularization, pathologic; Lymphangiogene-
sis; Vascular endothelial growth factor receptor-3
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Microvessel and Lymphatic Vessel Density and VEGFR-3 Expression of

Papillary Thyroid Carcinoma with Comparative Analysis of 

Clinicopathological Characteristics

Papillary carcinoma is the most common type of thyroid malig-
nancy, representing 85-90% of all malignant tumors of the thyroid
gland.1,2 Papillary thyroid microcarcinoma (PTMC) is defined
as a papillary carcinoma ≤ 1.0 cm in size. With the advent of
widespread use of high-resolution sonography and fine needle
aspiration cytology, thyroid malignancies have been diagnosed
at early stages, which has resulted in an exponentially increased
incidence of PTMC.3 Papillary carcinoma of the thyroid gland
usually shows good prognosis with a mortality rate < 10% and
PTMCs have a more favorable prognosis than papillary carcino-
mas ≥ 1.1 cm in size. Many PTMCs may remain occult and
become diagnosed as incidental findings during surgery for
goiter or other benign thyroid lesions. However, some PTMCs
may be aggressive and lethal because of locoregional tumor
growth, lymph node metastasis, or distant metastasis. The
identification of risk factors that are related to metastatic poten-
tial or recurrence in PTMC would be clinically important for
establishing a prognosis and deciding on a treatment strategy.

The factors predictive of clinical recurrence in PTMC have not
been clearly determined and trials to define reasonable therapeu-
tic guidelines are currently underway.4-6

One factor, angiogenesis, is crucial for tumor growth and metas-
tasis in many solid tumors.7,8 A high incidence of nodal metasta-
sis in papillary carcinoma of the thyroid gland suggests a possible
association of tumor spread and lymphangiogenesis. While there
have been a large number of studies on angiogenesis of papillary
carcinoma of the thyroid gland, lymphangiogenesis has not been
widely studied and the mechanisms that drive metastasis are
largely unknown.9 There have been few studies reported on lym-
phangiogenesis and nodal metastasis in PTMC.10,11

Angiogenesis is a complex process that is regulated by the vas-
cular endothelium, extracellular matrix, and numerous related
growth factors and enzymes. The balance between proangiogenic
and inhibitory stimuli is an important controller of the switch
mechanism in angiogenesis. The development and maintenance of
blood vessels are dependent on various molecular systems, and
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roles for vascular endothelial growth factors (VEGFs) and their
receptors (VEGFRs) have been documented. Unlike vascular
endothelial cell-specific VEGFR-1 and VEGFR-2, VEGFR-3
expression is associated with lymphatic vessels in the adult. VEGF-
C stimulates lymphatic proliferation by activating VEGFR-3.
Increased expression of VEGFs and VEGFRs has been demon-
strated in carcinomas of solid organs. For papillary carcinoma of
the thyroid gland, several studies have demonstrated an associa-
tion between lymph node metastasis and VEGF, VEGF-C, and
VEGF-D expression.9,10,12,13 While there is an abundant literature
on VEGFR-1 and VEGFR-2 expression in PTCs, studies on
VEGFR-3 expression in PTCs are rare. In those studies, reverse
transcription-PCR analysis of VEGFR-3 mRNA was performed
or VEGFR-3 positive vessel density was counted.14-16

Accordingly, our study was designed to investigate possible
correlations between anatomic and molecular parameters such
as CD34 positive microvessel density (MVD), D2-40 positive
lymphatic vessel density (LVD), and VEGFR-3 expression in
tumor cells and various clinical parameters for papillary carcino-
ma of the thyroid. We also compared findings for papillary thy-
roid carcinomas larger than 1.0 cm (PTCs), PTMCs (0-5 mm in
size), and PTMCs (6-10 mm in size) to see if tumor size pre-
dicts clinical variables. 

MATERIALS AND METHODS 

Patients 

Thyroid papillary carcinoma tissues from consecutive patients
of both sexes, and ages ranging from 26 to 76 years, were obtained
between January 1997 and August 2005 from the archival records
of the Department of Pathology, Ewha Womans University Med-
ical Center. Most of the patients were treated with total or near-
total thyroidectomy. Information on the following background
parameters was included: age at histological diagnosis, sex, tumor
diameter, multicentricity, primary tumor extension, lymph node
metastasis, number of positive lymph nodes, recurrence, and
distant metastasis at diagnosis. Multicentricity was defined as
the presence of additional tumor foci noncontiguous with the pri-
mary tumor. Extrathyroidal extension was defined as the exten-
sion of the tumor beyond the capsule to the perithyroidal soft
tissue. Metastatic thyroid cancer noted in regional lymph nodes
prior to surgery or at the time of surgery was considered to be
nodal metastasis at diagnosis, not disease recurrence. 

We analyzed 197 thyroid carcinomas including 113 cases of

PTC and 84 cases of PTMC. PTMCs were subdivided into two
groups: tumor size of 1-5 mm (10 cases) and 6-10 mm (74 cases).

Immunohistochemical studies 

Tissue samples from 30 pairs of patients from PTMC (0-5 mm,
8 cases; 6-10 mm, 22 cases) and PTC groups were selected for
immunohistochemical staining for CD34, D2-40, and VEGFR-
3. To minimize the effect of factors that influence MVD, LVD,
and VEGFR-3 expression, each pair was matched for clinical
characteristics including age, sex, multicentricity, extrathyroidal
extension of tumor, nodal status, and stage. After selection of
30 matched pairs, statistical analysis showed no significant dif-
ferences between the two groups except for T classification. Since
the grouping of PTMC versus PTC itself causes this difference,
statistical adjustment of T stage was not done. 

Hematoxylin and eosin-stained sections were used to select a
representative part of the tumor. In the case of tumor heterogene-
ity, the most cellular area of the tumor was selected. Immuno-
histochemical staining was done on thin sections (4 mm) of for-
malin-fixed, paraffin-embedded tissue by BondTM Automated
Immunohistochemistry (Vision Biosystems, Inc., Mount Waver-
ley, VIC, Australia) and a bond polymer detection system with
counterstaining (Vision Biosystems, Inc.). Heat-induced epitope
retrieval was carried out to facilitate staining by immersing the
slides in citrate buffer (pH 6.0) and microwaving at 90-100℃
for 10 minutes. Slides were then quenched in 3% hydrogen per-
oxidase for 5 minutes to inactivate endogenous peroxidase activ-
ity. Sections were incubated with primary antibodies for 60 min-
utes at 25℃. We used commercial antibodies against CD34 (1 :
2000, monoclonal, Leica Biosystems, Newcastle, UK), D2-40
(1 : 100, Biocare Medical, Concord, CA, USA), and VEGFR-3
(1 : 200, monoclonal, Leica Biosystems). Negative controls were
obtained by omitting the primary antibodies. 

Microvessel and lymphatic vessel counting 

All scoring and interpretations of immunohistochemical results
were done by one examiner without knowledge of the clinical
data. Any discrete areas staining for CD34 or D2-40, whether
they were single endothelial cells or clusters of endothelial cells
(regardless of the presence or absence of a lumen that was sepa-
rate from adjacent vessels, tumor cells, or connective tissue ele-
ments) were counted as individual microvessels (CD34 staining)
or lymphatic vessels (D2-40 staining). We used hot spot analy-
sis because it was reported to be the most sensitive method.17 Sec-
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tions were scanned at low magnification (× 40) and the areas
with the highest concentration of microvessels (vascular hot spot)
were selected in tumors and in peritumoral parenchyma. When
the surrounding nonneoplastic thyroid tissue was examined, areas
with intermediate cellularity were selected and fields with lym-
phocytic infiltration or fibrosis were avoided. In selected areas,
five high magnification fields (× 400) were evaluated with an
Olympus BX51 microscope (Olympus, Tokyo, Japan) and we
calculated the average of all counted microvessels or lymphatic
vessels (mean microvessel density, mean MVD/field or mean
lymphatic vessel density, mean LVD/field). 

Assessment of VEGFR-3 staining 

To determine VEGFR-3 immunostaining scores, we used a
previously proposed design with slight modifications.12-14 In sin-
gle representative tissue sections for each case, the area with the
highest intensity of staining and the highest percentage of fol-
licular cells that were positive for VEGFR-3 was chosen to assess
the positive reactions. Stain intensity was graded as follows: 0
(negative); 1 (weakly positive); 2 (moderately positive); 3 (strong
positive). The percentage of positive cells was assessed by manual
counting. Each sample field was assigned a value from 0 to 3 (0,
negative; 1, < 5% of the cells with positive staining; 2, between
5 to 50% of the cells with positive staining; 3, more than 50%
of the cells with positive staining). The sum of scores of intensity
and percentage was recorded as 0-6. 

Statistical analysis 

We used the SAS ver. 9.1 (SAS Institute Inc., Cary, NC, USA)
for statistical analysis. The c2 test was used in analyzing the fol-
lowing correlations: correlation of clinical variables (sex, age, mul-
ticentricity, T classification, extrathyroidal extension, N stage,
recurrence, distant metastasis, and stage) between PTMC and
PTC groups and between the two size subgroups of PTMCs (1-
5 mm vs 6-10 mm). The association of MVD, LVD and VEGFR-
3 expression with clinical parameters (age, multicentricity,
extrathyroidal extension, nodal metastasis, and recurrence) was
analyzed by logistic regression. Differences in MVD, LVD, and
VEGFR-3 expression between PTMC and PTC and between
the two subgroups of PTMC were analyzed by T test or Wilcox-
on Rank Sum test. Pearson’s correlation coefficient was used to
evaluate the relationship between MVD and LVD. To assess the
relationship between MVD, LVD, and VEGFR-3, Spearman’s
correlation coefficient was used. A p-value of less than 0.05 was

regarded as statistically significant.  

RESULTS 

Clinicopathological characteristics of patients 

Clinical characteristics of all 197 patients at the time of diag-
nosis are summarized in Table 1. Significant differences between
the PTMC and PTC group were found in T classification,
extrathyroidal extension, and nodal metastasis. In the PTMC
group, two patients had recurrent tumors; one showed involve-
ment of lymph nodes; the other showed involvement of the tra-
chea. In the PTC group, three patients had recurrent tumors
involving lymph nodes only, which were diagnosed 14-133
months after the diagnosis of the primary tumor. One patient
showed a recurrent tumor involving larynx and lymph nodes,
which was diagnosed 102 months after the diagnosis of the pri-
mary tumor. Two patients in the PTC group (1.8%) showed
distant metastasis at the time of diagnosis; one involved the medi-
astinum, the other involved the lungs. 

Table 2 shows the clinical characteristics of the two PTMC
subgroups (1-5 mm and 6-10 mm). The proportion of cases with
multicentric tumor, extrathyroidal extension, nodal metastasis,
and recurrence was higher in the larger tumor size group, but

Patient characteristics p-value

Women 76 (90.5) 99 (87.6) 0.527
Age ≥ 45 (yr) 44 (52.4) 57 (50.4) 0.787
Multicentricity 45 (53.6) 55 (48.7) 0.446
T classification < 0.0001
T1 36 (42.9) 9 (8.0)
T2 0a 6 (5.3)
T3 46 (54.8) 85 (75.2)
T4 2 (2.4) 13 (11.5)

Extrathyroidal extension 49 (58.3) 97 (85.8) < 0.0001
Nodal metastasis 35 (41.7) 78 (69.0) 0.0001
Recurrence 2 (2.4) 4 (3.5) 0.639
Distant metastasis 0 2 (1.8) 0.220
Stage 0.154
I 53 (63.1) 58 (51.3)
II 0a 3 (2.7)
III 25 (29.8) 37 (32.7)
IV 6 (7.1) 15 (13.3)

Values are presented as number (%).
aPTMC does not fit the requirements of T2 or stage II because of its
size below 1 cm. 
PTMC, papillary thyroid microcarcinoma; PTC, papillary thyroid carci-
noma of size > 1.0 cm. 

Table 1. Clinical characteristics of patients with PTMC and PTC 

PTMC 
(n = 84)

PTC 
(n = 113)



none of these clinical variables showed a statistically significant
difference. 

Microvessel density 

Numerous CD34 positive microvessels were detected through-
out the tumor in PTMC and PTC cases (Fig. 1A). The microves-
sel number ranged between 32.7 and 176.4 (mean, 115.52 ±
32.66) in PTMCs; it ranged between 64.8 and 211.5 (mean,
124.65 ± 38.67) in PTCs. The difference was not statistically
significant (p = 0.327). The larger and smaller tumor size sub-
groups in the PTMC group did not show a significant MVD dif-
ference (mean, 118.30 ± 36.54 vs 107.90 ± 17.95; p = 0.450).
In peritumoral normal thyroid tissue, microvessels were scattered
in spaces between thyroid follicles, which ranged between 17
and 61 (mean, 38.09 ± 12.31) in PTMCs and between 17 and
58 (mean, 33.48 ± 11.26) in PTCs. Compared with normal

thyroid tissues, tumor tissues had a markedly increased MVD
(p < 0.01). The correlations of MVD with clinical parameters
for the PTMC and PTC groups are summarized in Tables 3 and
4. The correlation of MVD with clinical parameters in all 60
patients revealed a strong tendency towards increased MVD in
tumors with lymph node metastasis, which was not statistically
significant (p = 0.051) (Table 3). The correlation of MVD with
clinical parameters was not significant for either the PTMC group
or the PTC group (Table 4). 

Lymphatic vessel density 

The irregular, thin walled, D2-40 positive, lymphatic vessels
were clearly distinguished from blood vessels, which were round
in shape and showed a positive reaction with CD34 antibody.
Lymphatic vessels were mainly localized in peripheral areas of
tumors and tumor infiltration into adjacent thyroid tissue or

 246 Harin Cheong∙Hanna Kang∙Hyung Kyung Kim, et al.

Fig. 1. Microvessel and lymphatic vessel density and vascular endothelial growth factor receptor-3 (VEGFR-3) expression in papillary thyroid
carcinoma (PTC) and papillary thyroid microcarcinoma (PTMC). (A) CD34 positive microvessels in PTC, (B, C) low and high magnification of
D2-40 positive lymphatic vessels in PTMC, (D) VEGFR-3 positive tumor cells in PTC. 

A B

C D



perithyroidal soft tissue (Fig. 1B, C). Papillary cores showed
extremely rare lymphatic vessels compared with intratumoral
fibrous septae, which showed several lymphatic vessels. They
ranged between 3.3 and 19.6 vessels (mean, 11.37 ± 4.32) in
PTMCs and between 4 and 20.8 (mean, 11.71 ± 4.42) in PTCs;
neither difference was statistically significant (p = 0.768). The

PTMC subgroup with larger sized tumors showed significantly
higher numbers of LVDs compared with the subgroup with
smaller sized tumors (mean, 12.30 ± 4.06 vs 8.83 ± 4.20; p =
0.049). Peritumoral normal thyroid tissue showed a few scattered
lymphatic vessels between thyroid follicles, which ranged between
1 and 6 (mean, 3.09 ± 1.62) in PTMCs and between 1 and 12
(mean, 3.95 ± 2.50) in PTCs. The correlation of LVD with clin-
ical parameters in PTMC and PTC are summarized in Tables 3
and 5. The correlation of LVD with clinical parameters in all
60 patients revealed that patients over age 45 have significantly
more LVDs (p = 0.006) (Table 3). The correlation of LVD with
clinical parameters in PTMC subgroups and in the PTC group
showed a statistically significant relationship between age and
LVD only for the PTC group (p = 0.006) (Table 5). Multicentrici-
ty of the tumor showed a suggestive correlation with LVD only
in analysis of combined PTMC and PTC cases analysis (p = 0.077)
(Table 3) and extrathyroidal extension showed a suggestive cor-
relation with LVD only in the PTC group (p = 0.076) (Table 5).

Vascular endothelial growth factor receptor-3

Positive VEGFR-3 staining was found in the cytoplasm of fol-
licular cells of the tumors (Fig. 1D). No positive staining was
observed in normal tissue surrounding the tumor. The mean
score for VEGFR-3 positive reactions in tumor cells of PTMCs
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Age ≥45 (yr)
Yes 113.33 ± 32.80 123.58 ± 38.42
No 124.28 ± 33.51 127.17 ± 41.47
p-value 0.843 0.860

Multicentricity
Yes 122.33 ± 26.16 122.98 ± 50.52
No 107.75 ± 38.31 125.77 ± 29.92
p-value 0.779 0.828

Extrathyroidal extension
Yes 121.19 ± 26.81 123.37 ± 37.15
No 104.19 ± 41.30 128.18 ± 45.10
p-value 0.358 0.366

Nodal metastasis
Yes 126.51 ± 34.23 131.01 ± 38.33
No 104.53 ± 27.90 116.35 ± 39.01
p-value 0.180 0.166

Recurrence
Yes 128.20 ± 26.02 129.20 ± 50.45
No 114.62 ± 33.28 123.95 ± 37.75
p-value 0.810 0.405

MVD, microvessel density; PTMC, papillary thyroid microcarcinoma;
PTC, papillary thyroid carcinoma of size > 1.0 cm.

Table 4. Correlations of MVD with clinical parameters in PTMC
and PTC

PTMC (mean ± SD) PTC (mean ± SD)

Age ≥ 45 (yr) 
Yes 118.11 ± 35.49 12.43 ± 4.18 3.45 ± 1.53
No 126.01 ± 37.22 8.87 ± 3.74 3.87 ± 1.06
p-value 0.497 0.006 0.944

Multicentricity
Yes 122.61 ± 37.68 12.60 ± 4.50 4.11 ± 1.45
No 117.88 ± 34.88 10.61 ± 4.03 3.72 ± 1.40
p-value 0.997 0.077 0.255

Extrathyroidal extension
Yes 122.33 ± 32.27 11.26 ± 3.53 3.83 ± 1.51
No 114.85 ± 43.48 12.19 ± 5.87 4.06 ± 1.21
p-value 0.988 0.340 0.656

Nodal metastasis
Yes 128.90 ± 35.96 11.18 ± 4.48 4.06 ± 1.34
No 110.02 ± 33.40 11.95 ± 4.20 3.71± 1.51
p-value 0.051 0.474 0.576

Recurrence
Yes 128.87 ± 40.77 12.28 ± 3.21 3.00 ± 2.45
No 119.11 ± 35.48 11.46 ± 4.46 4.00 ± 1.26
p-value 0.413 0.620 0.136

MVD, microvessel density; LVD, lymphatic vessel density; VEGFR-3,
vascular endothelial growth factor receptor-3 immunostain score. 

Table 3. Correlations of MVD, LVD, and VEGFR-3 with clinical
parameters in all 60 patients 

MVD LVD VEGFR-3

Values are presented as number (%).

Patient characteristics p-value

Women 8 (80) 68 (91.9) 0.229
Age ≥ 45 (yr) 7 (70) 37 (50) 0.234
Multicentricity 4 (40) 40 (54.1) 0.403
T classification 0.174
T1 7 (70) 29 (39.2)
T2 0 0
T3 3 (30) 43 (58.1)
T4 0 2 (2.7)

Extrathyroidal extension 4 (40) 46 (62.2) 0.180
Nodal metastasis 3 (30) 32 (43.2) 0.425
Recurrence 0 2 (2.7) 0.598
Distant metastasis 0 0 0.220
Stage 0.222
I 6 (60) 47 (63.5)
II 0 0
III 2 (20) 23 (31.1)
IV 2 (20) 4 (5.4)

Table 2. Clinical characteristics of patients according to tumor
size in papillary thyroid microcarcinoma  

0-5 mm 
(n = 10)

6-10 mm
(n = 74)



and PTCs were 4.13 ± 1.22 and 3.67 ± 1.58, respectively; the
difference was not statistically significant (p = 0.174). Among
PTMCs, the larger and smaller size groups did not show a signifi-
cant difference (mean, 4.18 ± 1.18 vs 4.00 ± 1.41; p = 0.862).
The correlation of VEGFR-3 staining with clinical parameters
in PTMC and PTC groups are summarized in Tables 3 and 6.
The correlation of VEGFR-3 with clinical parameters in all 60
patients revealed no statistically significant relationship (Table
3). The correlation of VEGFR-3 with clinical parameters in the
PTMC group alone or in the PTC group alone showed a statis-
tically significant inverse relationship between disease recur-
rence and VEGFR-3 expression in the PTMC group (p = 0.008)
(Table 6). 

Mutual association of MVD, LVD, and VEGFR-3 

When analyzing associations between MVD, LVD, and
VEGFR-3 expression, there were no significant correlations
among these three variables. 

DISCUSSION 

Differences in clinicopathological characteristics of PTCs and
in PTMCs grouped according to the size of the tumor are well

known.1-3,5,6,18,19 In our study, the PTC group showed a higher
incidence of extrathyroidal extension and nodal metastasis com-
pared with the PTMC group, which could account for the dif-
ference in T classification. In contrast, PTMCs did not show any
significant differences in clinicopathological variables with respect
to tumor size (0-5 mm and 6-10 mm). These findings are differ-
ent from findings from previous studies, in which occult papil-
lary carcinomas of the thyroid (less than 5 mm in size) showed
different features compared with larger ones and were considered
as a normal finding with no need for further treatment.20 In a
recent large scale study of 2,678 cases of papillary carcinoma of
the thyroid gland in the Korean population (50.6% were PTMCs),
PTMC cases showed lymph node metastasis, recurrence, and
distant metastasis in 26.9%, 0.9%, and 0.5%, respectively.2 In
comparison, PTMCs in the present study showed a slightly high-
er rate of lymph node metastasis (41.7%) and recurrence (2.4%).
In their study, small carcinomas (1-2 cm) showed a higher inci-
dence of extracapsular invasion and lateral neck node metastasis
compared with PTMCs, which was similar to results from the
present study in spite of the difference in size of the PTCs ana-
lyzed in each study. 

To identify lymphatic vessels, D2-40 antibody was used in this
study, which originally reacts with an O-linked sialoglycopro-
tein (MW 40K) found on lymphatic endothelium, fetal testis,
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Age ≥ 45 (yr)
Yes 11.97 ± 4.13 12.95 ± 4.29
No 8.98 ± 4.60 8.80 ± 3.36
p-value 0.090 0.006

Multicentricity
Yes 12.29 ± 4.48 13.01 ± 4.68
No 10.32 ± 4.03 10.84 ± 4.14
p-value 0.221 0.428

Extrathyroidal extension
Yes 11.52 ± 3.63 11.03 ± 3.51
No 11.09 ± 5.67 13.56 ± 6.21
p-value 0.832 0.076

Nodal metastasis
Yes 11.28 ± 4.94 11.10 ± 4.18
No 11.47 ± 3.77 12.52 ± 4.75
p-value 0.710 0.570

Recurrence
Yes 13.75 ± 0.78 11.55 ± 3.85
No 11.20 ± 4.42 11.73 ± 4.57
p-value 0.472 0.955

LVD, lymphatic vessel density; PTMC, papillary thyroid microcarcino-
ma; PTC, papillary thyroid carcinoma of size > 1.0 cm.

Table 5. Correlations of LVD with clinical parameters in PTMC
and PTC 

PTMC (mean ± SD) PTC (mean ± SD)

Age ≥ 45 (yr) 
Yes 4.04 ±1.30 3.76 ± 1.79
No 4.50 ± 0.84 3.44 ± 1.01
p-value 0.118 0.993

Multicentricity
Yes 4.00 ± 1.37 4.25 ± 1.60
No 4.29 ± 1.07 3.28 ± 1.49
p-value 0.864 0.133

Extrathyroidal extension
Yes 4.00 ± 1.26 3.68 ± 1.73
No 4.40 ± 1.17 3.63 ± 1.19
p-value 0.573 0.530

Nodal metastasis
Yes 4.10 ± 1.39 4.06 ± 1.34
No 4.20 ± 1.08 3.15 ± 1.77
p-value 0.593 0.121

Recurrence
Yes 2.00 ± 2.83 3.50 ± 2.52
No 4.29 ± 0.98 3.69 ± 1.46
p-value 0.008 0.793

VEGFR-3, vascular endothelial growth factor receptor-3 immunostain
score; PTMC, papillary thyroid microcarcinoma; PTC, papillary thyroid
carcinoma of size >1.0  cm.

Table 6. Correlations of VEGFR-3 with clinical parameters in
PTMC and PTC  

PTMC (mean ± SD) PTC (mean ± SD)



and on the surface of testicular germ cell tumors. It is a selective
marker of lymphatic endothelium in normal tissues and vascular
lesions such as lymphangiomas and is distinct from other vessel
markers including CD34, CD31, and factor VIII in terms of
responding antigen. CD34 is a single chain transmembrane
glycoprotein that is selectively expressed on human lymphoid
and myeloid hematopoietic progenitor cells as well as on vascu-
lar endothelium. CD31 is expressed on the surface of platelets,
monocytes, granulocytes, and B cells, and at the endothelial intra-
cellular junction. On the other hand, blood coagulation factor
VIIIa is the last enzyme generated in the blood coagulation cas-
cade, which shows mainly large blood vessels on immunostain-
ing. The irregular, thin walled, D2-40 positive, lymphatic ves-
sels were clearly distinguished from the round, CD34-positive,
blood vessels in this study.  

The present study showed markedly increased CD34 positive
microvessels in tumors compared with peritumoral normal thy-
roid tissue. Although various antibodies for microvessels (CD34,
factor VIII, VEGFR) were used in previous studies, they all had
similar findings.21-24 The relationship between MVD and clini-
cal parameters for prognosis have been studied and showed con-
troversial results, such as lower MVD and poor differentiation of
tumors, increased MVD in patients with metastasis in lymph
nodes or locoregional tumor recurrences, shorter recurrence and
free survival in hypervascular tumors, or increased MVD and
improved survival in certain histological types.21,23-26 These con-
tradictory outcomes could be partly explained by different meth-
ods of assessing MVD and/or by differences in analyzing condi-
tions. In this study, there was a suggestive relationship between
MVD and lymph node metastasis in combined PTMC and PTC
groups with no significant correlation in separated PTMC and
PTC groups. The significance of these findings is uncertain at
this point and should be confirmed with further studies.

In a large cohort study on angiogenesis and lymphangiogenesis
of 191 thyroid proliferative lesions by de la Torre et al.,10 PTMCs
had higher MVDs and LVDs than PTCs or other benign and
malignant proliferative lesions. They did not find any correlation
between lymph node metastasis and MVD or LVD in PTCs or
PTMCs. In contrast, another study, one by Liang et al.,11 showed
lower MVDs and LVDs in PTMCs compared with PTCs. Com-
pared with the contradictory results in those two previous stud-
ies, the present study showed no significant difference in MVD
or LVD between PTMCs and PTCs. Since these findings suggest
that PTMCs and PTCs have a similar tendency for MVD-asso-
ciated or LVD-associated lymph node metastasis, the difference in
nodal metastasis between PTMCs and PTCs noted in this study

must be due to other factors, such as size of the tumor, or to an
unknown functional difference in microvessels or lymphatic ves-
sels associated with lymph node metastasis. In addition, signif-
icantly higher LVDs in PTMCs with larger tumors compared
with those with smaller tumors in this study was not correlated
with any differences in clinical characteristics.  

In contrast to a strong association between the presence of
intratumoral lymphatics and regional lymph node metastasis in
other previous studies, Padera et al.27 emphasized the functional
aspect of lymphatic vessels located at the peripheral portion of
the tumor in lymphatic spread of tumor cells.11,28 Similar local-
ization of lymphatic vessels in peripheral areas of the tumor and
infiltrating lesions into adjacent thyroid tissue or perithyroidal
soft tissue was also noted in this study. 

Many studies found that old age predicted an unfavorable out-
come on survival in thyroid papillary carcinoma patients.29,30

Siironen et al.12 observed a correlation between poor prognosis
with age > 45, tumor size > 4 cm, extrathyroidal extension, nodal
metastasis, distant metastasis, and stage IV, and suggested a possi-
ble relationship of poor prognosis with the high VEGF-C expres-
sion noticed in patients over 45. According to previous studies
that searched for prognostic factors in PTMC, age was not a sig-
nificant independent predictor.4,5,18 In the present study, only the
PTC group showed a significantly higher LVD in patients older
than 45 compared with younger patients. A possible role for LVD
in extrathyroidal extension was suggested in this study. In addi-
tion, although PTMC and PTC groups did not show any corre-
lation between LVD and multicentricity, the combined PTMC
and PTC groups showed suggestive correlations. 

Previous studies on VEGF and VEGFR-3 showed variable
results such as a correlation between nodal metastasis and increased
LVD and VEGF-D expression, a positive correlation between
VEGF-D immunoreactivity and increased LVD, and a positive
correlation between VEGF-C expression and VEGFR-3 positive
vessel density, lymph node metastasis, and lymphovascular per-
meation.9,11,15,16,22 The present study did not show any significant
relationship between VEGFR-3 positive reactions of tumor cells
and clinical parameters in PTCs. In contrast, PTMC cases with
disease recurrence had a lower VEGFR-3 expression compared
with PTMC cases without recurrence. Since this study includ-
ed only two cases of PTMC with recurrence, the significance of
this finding should be confirmed by further studies with more
cases. The additional combined study on VEGFs and VEGFR-3
will be helpful for a better understanding of angiogenesis and
lymphangiogenesis in papillary carcinoma of the thyroid gland. 

In conclusion, since the correlation between clinical parameters
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and anatomic parameters of papillary carcinoma of the thyroid
gland showed variable results depending on factors used in the
analysis, treatment of patients should be based on the combina-
tion of clinical presentation and all available tumor risk factors. 
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