Lymph Node Metastases in Oral Cancer: Clinical
Implication of the Vascular Endothelial Growth
Factor-C Expression by Malignant Cells
1Denise

Tostes Oliveira, 2Simone Eloiza Sita Faustino, 3Maria Jaquelini Dias dos Santos,
4Suely Nonogaki, 5Gilles Landman, 6Luiz Paulo Kowalski
1,2,3Department

of Stomatology, Area of Pathology, Bauru School of
Dentistry - University of São Paulo, Bauru, Brazil
4Adolfo Lutz Institute, Pathology Division, São Paulo, Brazil
5Department of Pathology, Cancer Hospital A. C. Camargo, São Paulo, Brazil
6Department of Head and Neck Surgery and Otorhinolaryngology,
Cancer Hospital A. C. Camargo, São Paulo, Brazil

Abstract
The vascular endothelial growth factor-C (VEGF-C)
overexpressed by malignant cells has been correlated to
occurrence of lymph node metastases in patients with oral
squamous cell carcinoma (OSCC). However, the lack of
standardization of a microscopic evaluation of the VEGF-C
expression in oral cancer that reflects more accurately the
behavior of the tumor seems to be a factor that hinders the
reproduction of some results in the literature. The objective of
this study was to evaluate the different scoring systems used
for microscopic analysis of immunohistochemical expression of
VEGF-C by malignant cells and to establish a more reliable
and reproducible methodology that enables contribute to the
use
Keyofwords:
VEGF-C
VEGF-C;
as an adjuvant
oral cancer;
in therapeutic
cancer; lymph
strategynode
for
adequate
metastasis;indication
lymphaticofvessel
the patients to the lymph node neck

dissection, especially in early clinical stages of OSCC. Sixty
four OSCC arising in the tongue or floor of mouth, clinically
T1N0M0 and T2N0M0, with (pN+) and without (pN0)
occult lymph node metastases were analyzed for VEGF-C
immunoexpression using different methods of subjective
scores. Chi-square test or Fisher’s exact test was used to
analyze the association of VEGF-C expression with the
clinical characteristics, treatment and outcome of the patients.
No statistically significant association was observed among
the VEGF-C expression by malignant cells, the clinical
variables, the follow up informations and the occurrence of
occult lymph node metastasis. These results reinforce that,
regardless of the microscopic scoring system performed, the
isolated immunoexpression of VEGF-C by malignant cells
is not predictive factor for occurrence of occult lymph node
metastases in early stages of OSCC.
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Introduction
The metastatic spread of tumor cells is the most lethal
aspect of cancer and often occurs via the lymphatic
vasculature.1 It have been suggested that lymphangiogenic
growth factors, such as vascular endothelial growth
factor-C (VEGF-C), can be secreted by malignant cells
in solid tumors facilitating the occurrence of lymph node
metastasis.1-3 The VEGF-C has recently been found to
induce lymphangiogenesis acting via its cognate receptor
tyrosine kinase VEGF receptor-3 (VEGFR-3) located on
lymphatic endothelial cells.1, 2, 4, 5
During the past years, several studies have been
demonstrated that VEGF-C overexpressed by malignant
cells results in enhanced metastasis to regional lymph
nodes.1-3, 5-20 However, direct evidence for the role of
VEGF-C in tumor lymphangiogenesis (sprouting of new
lymphatic vessels) and metastasis was only obtained by
using animal models.2, 3, 5
In 2008, we21 analyzed the VEGF-C expression by
malignant cells in eighty-seven patients with primary
oral squamous cell carcinomas (OSCC) arising in
the tongue or floor of mouth, clinically T1N0M0 and
T2N0M0, with (pN+) and without (pN0) occult lymphnode metastases. Occult lymph-node metastases (pN+)
were detected in 21.9% of the 64 patients who were
submitted to elective neck dissection. No statistically
significant difference was found between OSCC with
and without occult lymph-node metastasis in regard
to VEGF-C immunoexpression by malignant cells and
clinicopathologic features. Therefore, isolated VEGF-C
expression by malignant cells was not of predictive value
for identified occult lymph-node metastasis in the early
stages of OSCC.
However, our results21 do not corroborate with those
found by Kishimoto et al.,7 Sedivy et al.,9 Shintani et
al.,10 Tanigaki et al.,12 Li et al.14 and Sugiura et al.,11 who
found in their studies correlation between lymph node
involvement and strong immunohistochemical expression
of VEGF-C by malignant cells of the oral squamous cell
carcinomas studied.
There is a great difficulty in comparing our results21 of
those previous studies cited above7, 9-12, 14 because the
analysis of VEGF-C expression after immunostaining
was performed using different microscopic scoring
systems. The lack of standardization of a microscopic
evaluation of the expression of VEGF-C that reflects
more accurately the behavior of the tumor seems to be

a factor that hinders the reproduction of some results
in the literature.
Thus, in our present study, we evaluate the different
scoring systems used for microscopic analysis of
immunohistochemical expression of VEGF-C by
malignant cells, to establish a more reliable and
reproducible methodology that enables contribute to the
use of VEGF-C as an adjuvant in therapeutic strategy for
adequate indication of the patients to the lymph node
dissection, especially in early clinical stages (I and II)
of OSCC.

Patients and Methods
This study was based on analysis of 64 patients with
primary OSCC, which were submitted to surgical treatment
in the Head and Neck Surgery and Otorhinolaryngology
Department, of the Cancer Hospital A. C. Camargo, São
Paulo, Brazil, from 1968 to 2001. The inclusion criteria
were: (1) primary oral squamous cell carcinoma located in
the tongue or floor of mouth, clinical stages I (T1N0M0)
and II (T2N0M0), confirmed by biopsy; (2) patients who
were submitted to elective neck dissection; (3) patients
who did not undergo radiotherapy, chemotherapy or other
treatment prior to surgery; (4) patients without other
simultaneous primary tumors; (5) tumor tissue available
for microscopic analysis.
Clinical data of the patients were obtained from the
medical records in the Cancer Hospital A. C. Camargo,
São Paulo, Brazil, and included gender, age, ethnic group
(white or not white), tobacco and alcohol consumption,
tumor location, TNM stage, 22 treatment (surgery,
postoperative adjuvant radiotherapy), and clinical followup (local recurrence, regional recurrence, and death).
The 64 specimens of OSCC previously fixed in 10%
buffered formalin and embedded in paraffin were cut
into 3µm thick sections for the standard streptavidinbiotin–peroxidase complex method (StreptABComplex/
HRP, Duet Mouse/Rabbit, Dako ref K0492, Glostrup,
Denmark). After antigen retrieval using 10 mM citrate
buffer, pH 6.0, in a pressure cooker for 4min, endogenous
peroxidase activity was blocked by incubation in 3%
H2O2 for 20 min. The sections were incubated overnight
at 4°C with the primary antibody VEGF-C (C-20) (Santa
Cruz Biotechnology, sc-1881, Santa Cruz, CA, USA),
dilution 1:100, in phosphatebuffered saline with bovine
serum albumin solution to block a non-specific reaction.
Then, the tumor sections were incubated with second
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antibody biotinylated anti-goat Ig made in rabbit (Vector
BA-5000, Burlingame, CA, USA) diluted in phosphatebuffered saline 1:500, for 30 min, at 37°C. The antigen–
antibody reaction was detected using streptavidinbiotinbased detection kit StreptABComplex/HRP Duet, mouse/
rabbit (Dako A/S, K0492, Denmark) and visualized
using 3.3’diaminobenzidine tetrahydrochloride (DAB/
SIGMA, ref D-5637, St. Louis, MO, USA). Sections
were counterstained with Harris hematoxylin before
being dehydrated and cover slipped. Human placenta
was used as positive control. Normal oral mucosa from
the surgical margins was used as internal control. For a
negative control, the primary antibody was omitted during
the immunohistochemical staining.
Quantitative computer-assisted analysis of 30 invasive
tumor front fields (X400 magnification: 93,992.05µm2/
field) in each tumor sample was performed to evaluate
the cytoplasmatic immunoreactivity of VEGF-C
expressed by malignant cells. The images of the most
invasive tumoral edge (tumor front23) in each section
were digitally captured with a camera (Axiocam MRc,
Zeiss, Jena, Germany) attached to a light microscope
(Axioskop2 Plus, Zeiss, Jena, Germany) and recorded
by a computer program system (Axiovision 4.6, Zeiss,
Jena, Germany). Immunostaining results of VEGF-C
expressed by malignant cells were evaluated by two
investigators without prior knowledge of the tumor’s
histopathologic features and the patient’s clinical
status.

0 = no cytoplasmic staining intensity,
1 = weak cytoplasmic staining intensity,
2 = moderate cytoplasmic staining intensity,
3 = strong cytoplasmic staining intensity, and
4 = very strong cytoplasmic staining intensity.
The quantity of the immunostaining was evaluated as
follows:
0 = no positive immunostaining,
1 = <25% of tumour cells showing cytoplasmic
positivity,
2 = 25-50% of tumour cells showing cytoplasmic
positivity,
3 = 50-75% of tumour cells showing cytoplasmic
positivity, and
4 = >75% of tumour cells showing cytoplasmic
positivity.
A combined score for the immunostaining, based on
both qualitative and quantitative immunostaining, was
composed by adding both the qualitative and quantitative
scores which was then divided into three main groups:

The following methods of subjective scores were applied:

• Assessment proposed by Kishimoto et al. 7 and

Tanigaki et al.12:VEGF-C expression in the cancer tissue
was defined as negative if the positive cells comprised
0–25%, and positive when the positive cells comprised
>25%;

• Assessment proposed by Sedivy et al.9, in which

has not considered the intensity of immunostaining for
VEGF-C percentages lower than 30% of positive tumor
cells were scored as ‘low’, 30-60% positive expression was
defined as ‘intermediate’, and above 60% positivity was
noted as ‘strong’.

The above two methods were statistically compared
with the method used by us21, adapted from Soini et al.24,
which was based on the intensity of the immunostaining
plus the quantity of the immunostaining for VEGF-C. The
intensity of the immunostaining was evaluated by dividing
the staining reaction into four groups:

No immunostaining = score 0,
Weak immunostaining = scores 1-5, and
Strong immunostaining = scores 6-8.
Associations between the VEGF-C expression examined
by the three different microscopic scoring systems and the
variables studied were verified according to Chi-square
test or Fisher’s exact test. P values less than 0.05 were
considered statistically significant.

Results
The main clinical features of our series of 64 patients
with OSCC, including information regarding treatment
and clinical follow-up are summarized in Table 1.
The patients’ ages ranged from 35 to 77-years old
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Table 1. Clinical findings, follow up information and clinical outcome of the 64
patients with OSCC.
Variable

Category

N (%)

GENDER

Male
Female

51 (79.7)
13 (20.3)

ETHNIC GROUP
White
	Not White

58 (90.6)
6 (9.4)

≥ 59 years
< 59 years

29 (45.3)
35 (54.7)

AGE

TOBACCO*
Yes
	No

55 (85.9)
5(7.8)

ALCOHOL*
Yes
	No

50 (78.1)
10 (15.6)

CLINICAL STAGE

12 (18.8)
52 (81.3)

I
II

RADIOTHERAPY
Yes
	No

18 (28.1)
46 (71.9)

RECURRENCES**
Yes
	No

19 (29.7)
45 (70.3)

SECOND PRIMARY TUMOR*
Yes
	No

19 (29.7)
45 (70.3)

CLINICAL OUTCOME
Alive, NED	
	Dead, primary disease
	Dead, NRD	
Lost follow-up

29 (45.3)
14 (21.9)
19 (29.7)
2 (3.1)

TOTAL		

64 (100.0)

OSCC: oral squamous cell carcinoma; N: number of cases; NED: no evidence of disease; NRD: not related
to disease.
*Excluding patients with lost records.
**Local and/or regional recurrences plus one distant metastasis.

(mean 58.23 years ±11.18 standard deviation [SD]).
From the 64 individuals in our sample 35 were aged less
than 59 years (54.7%), as shown in Table 1. Based on the
UICC22 criteria of oral cavity carcinomas, a total of 12
tumors (18.8%) were at clinical stage I (T1N0M0), and
52 (81.3%) clinical stage II (T2N0M0).
All patients underwent surgical treatment of primary
tumor resection with elective neck dissection (55 patients

were submitted to ipsilateral neck dissection and 9
patients submitted to bilateral neck dissection).
Regarding risk factors for OSCC, tobacco and alcohol
had a frequency of 85.9% and 78.1% respectively
(Table 1). The simultaneous presence of smoking and
alcohol consumption was observed in 76.6% of patients
with oral cancer.
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Clinically, most of the tumors were ulcero-infiltrative
or exophytic lesions (64.1% of tumors) and the tongue
was the dominant region (62.5% of tumors). Of the all
64 patients only 28.1% required adjuvant radiotherapy,
as described in Table 1.
The clinical follow up of patients with oral cancer,
considering possible complications in the period from
1968 to 2001, showed 18.7% of local recurrence and
10.9% of regional recurrence. A distant metastasis
affecting the liver was recorded in one patient and the
presence of a second primary tumor was detected in 29.7%
of patients with OSCC.

IMMUNOHISTOCHEMICAL ANALYSIS
The 64 OSCC were analysed microscopically as the
expression of VEGF-C by malignant cells in the front of
tumor invasion, according to the scoring systems used
in the studies of Sedivy et al. (2003),9 Kishimoto et al.
(2003),7 Tanigaki et al. (2004),12 and Faustino et al.
(2008).21
With regard to the method performed by Kishimoto et
al. (2003)7 and Tanigaki et al. (2004)12, more than 25%
of the malignant cells showed positive immunostaining for
VEGF-C in 81.3% of our microscopic sections. According

Figure 1. Absent (A) and strong VEGF-C expression by malignant cells
(B) in the OSCC (Immunohistochemistry, anti-VEGF-C).
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23 (42.5)
31 (57.5)
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41 (82.0)
9 (18.0)
34 (63.0)
20 (37.0)
11 (20.3)
43 (79.7)
14 (25.9)
40 (74.1)
16 (29.7)
38 (70.3)
17 (31.4)
37 (68.6)
54 (100.0)

Alcohol*
Yes
	No

Tumor site	Tongue
Floor of mouth

I
II

Clinical stage

Radiotherapy
Yes
	No

Recurrences**
Yes
	No

Second primary tumor
Yes
	No

TOTAL		

10 (100.0)		

2 (20.0)		
0.709
8 (80.0)		

3 (30.0)		
0.994
7 (70.0)		

4 (40.0)		
0.448
6 (60.0)		

1 (10.0)		
0.672
9 (90.0)		

6 (60.0)		
0.999
4 (40.0)		

9 (90.0)		
1.000
1 (10.0)		

9 (90.0)		
0.971
1 (10.0)		

6 (60.0)		
0.282
4 (40.0)		

9 (90.0)		
0.956
1 (10.0)		

9 (90.0)		
0.672
1 (10.0)		

52 (100.0)

15 (28.9)
37 (71.1)

14 (26.9)
38 (73.1)

16 (30.7)
36 (69.3)

10 (19.2)
42 (80.8)

32 (61.5)
20 (38.5)

41 (82.0)
9 (18.0)

46 (92.0)
4 (8.0)

21 (40.3)
31 (59.7)

48 (92.3)
4 (7.7)

41 (78.8)
11 (21.2)

Moderate

VEGF-C
Weak

12 (100.0) 		

4 (33.3)		
0.738
8 (66.7)		

5 (41.6)		
0.318
7 (58.4)		

2 (16.6)		
0.483
10 (83.4)		

2 (16.6)		
1.000
10 (83.4)		

8 (66.7)		
1.000
4 (33.3)		

9 (90.0)		
1.000
1 (10.0)		

9 (90.0)		
0.971
1 (10.0)		

8 (66.7)		
0.149
4 (33.3)		

10 (83.4)		
0.311
2 (16.6)		

10 (83.4)		
1.000
2 (16.6)		

41 (100.0)

13 (31.7)
28 (68.3)

9 (22.0)
32 (78.0)

15 (36.6)
26 (63.4)

7 (17.1)
34 (82.9)

24 (58.5)
17 (41.5)

32 (82.0)
7 (18.0)

35 (89.8)
4 (10.2)

15 (36.6)
26 (63.4)

38 (92.7)
3 (7.3)

32 (78.0)
9 (22.0)

12 (100.0)

3 (25.0)
9 (75.0)

6 (50.0)
6 (50.0)

2 (16.7)
10 (83.3)

4 (33.3)
8 (66.7)

7 (58.4)
5 (41.6)

11 (91.6)
1 (8.4)

12 (100.0)
0 (0.0)

7 (58.3)
5 (41.7)

11 (91.6)
1 (8.4)

10 (83.4)
2 (16.6)

11 (100.0)

3 (27.3)
8 (72.7)

4 (36.4)
7 (63.6)

1 (9.1)
10 (90.9)

1 (9.1)
10 (90.9)

9 (81.8)
2 (18.2)

7 (77.7)
2 (22.3)

8 (88.9)
1 (11.1)

7 (63.6)
4 (36.4)

9 (81.8)
2 (18.2)

9 (81.8)
2 (18.2)

p	N (%)	N (%)	N (%)

-	Strong

p	N (%)	N (%)

+

VEGF-C	

OSCC: oral squamous cell carcinoma; N: number of cases, *Excluding patients with lost records, **Local and/or regional recurrences plus one distant metastasis.

46 (92.0)
4 (8.0)

Tobacco*
Yes
	No

Age

≥ 59 years
< 59 years

42 (77.7)
12 (22.3)
49 (90.7)
5 (9.3)

Male
Female

Ethnic group
White
	Not white

Gender

Variable	Category	N (%)	N (%)

	Strong

VEGF-C	

	Score system	Score system	Score system
(FAUSTINO et al)
(KISHIMOTO et al/TANIGAKI et al)
(SEDIVY et al)

0.888

0.150

0.150

0.297

0.347

0.655

0.503

0.163

0.542

0.906

p

Table 2. Association among clinical findings, follow up informations and clinical outcome of the 64 patients with OSCC according to different scoring systems used to
analyze the VEGF-C expressed by malignant cells.
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to Sedivy et al. (2003)9, which use three levels of scoring,
64.1% of all OSCC showed strong VEGF-C expression.
When we used our previous score method21, a strong
VEGF-C expression (Figure 1B) was found in 84.4% of
OSCC patients. All these data are described in Table 2.
Figures 1A and 1B show the cytoplasmic immunostaining
for VEGF-C in the malignant cells of the OSCC. Note
the absence of VEGF-C expression in A and the strong
VEGF-C expression in B.
No statistically significant correlation was observed
between the expression of VEGF-C by malignant cells
and the demographic variables (gender, ethnic group,
and age), clinical findings (tobacco, alcohol and clinical
stage), treatment and follow up information (neck lymphnodal status, adjuvant radiotherapy, recurrences and
second primary tumor), as observed in Table 2.
Fourteen patients (21.9%) among 64 patients with
OSCC presented positive lymph nodes (occult regional
metastasis) confirmed by histopathological analysis
(pN+) at the moment of primary tumor resection
(Table 3). The association between VEGF-C expression

by malignant cells and occult lymph node metastasis
was not statistically significant in the OSCC patients, as
demonstrated in Table 3.

Discussion
The VEGF-C/VEGF-D/VEGFR-3 signaling pathway
is the most studied molecular system concerning
lymphangiogenesis and lymphatic metastasis from primary
tumors.1 However, how VEGF-C regulates individual steps
in the transport of tumor cells from the primary tumor
to the draining lymph nodes is poorly understood.6, 25, 26
The VEGF-C have already been correlated with
lymphatic metastasis in some prevalent forms of human
cancers, 1, 13, 15-20 including in oral squamous cell
carcinomas.7, 9-12, 14 However, these oral cancer studies7,
9-12, 14 have performed different subjective scoring systems
to analyze the VEGF-C expression by malignant cells after
immunohistochemical technique.
In the present study, our results have confirmed that
most of the 64 OSCC had a strong VEGF-C expression

Table 3. Association of the VEGF-C expressed by malignant cells and the neck lymph-nodal status of
the 64 patients with OSCC.
		
VEGF-C expression

Neck lymph-nodal status*
pN0

pN+

N (%)

N (%)

Weak
	Strong

8 (16.0)
42 (84.0)

2 (14.3)
12 (85.7)

1.000

KISHIMOTO et al / TANIGAKI et al
	Negative
Positive

9 (18.0)
41 (82.0)

3 (21.4)
11 (78.6)

0.712

SEDIVY et al.
Weak
Moderate
	Strong

9 (18.0)
11 (22.0)
30 (60.0)

2 (14.3)
1 (7.1)
11 (78.6)

0.374

TOTAL

50 (100.0)

14 (100.0)

FAUSTINO et al.

p

OSCC: oral squamous cell carcinoma; N: number of cases.
* Patients submitted to elective neck dissection.
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by malignant cells in front of tumor invasion on three
scoring systems, including the 14 patients with occult
metastasis in neck lymph nodes (pN+) confirmed
by histopathological analysis (Table 3). However, no
statistically significant correlation was observed between
the VEGF-C expression in our sample of OSCC and the
presence of occult lymph node metastases, apart from the
scoring system performed for microscopic analysis of the
cytoplasmic immunostaining (Table 3).
We neither found any statistically significant correlation
between the VEGF-C expression by tumor cells and the
main demographic and clinical variables related to tumor
progression (local and regional recurrences) as can be
seen in Table 2.
These results disagree with previous findings that found
a statistical correlation between the strong VEGF-C
expression by malignant cells of the OSCC and the
presence of neck lymph node metastases.7, 9-12, 14 Many
of these works, unlike our study, have used tumors in
advanced clinical stages (III and IV) with greater systemic
involvement of patients and the presence of distant lymph
node metastases.
Consistent with our results (Table 3) and those previously
found by Faustino (2008),21 another authors such as
Miyahara et al. (2007)27 and Warburton et al. (2007)28
also found no significant association between the neck
lymph node metastases and the VEGF-C expression by
malignant cells of the OSCC, although these authors
have not evaluated the presence of occult lymph node
metastasis.
In the scoring system used by Kishimoto et al. (2003)7
and Tanigaki et al. (2004),12 which classifies the VEGF-C
expression by tumor cells as positive or negative, there
was a higher percentage of tumors with strong VEGF-C
expression when compared to the scoring system
used by Sedivy et al. (2003),9 in which the analysis
of VEGF-C expression has been classified as weak,
moderate, and strong (Table 2). These scoring systems
used by Kishimoto/Tanigaki and Sedivy are based on
the intensity of immunostaining (qualitative side) and
they do not take into account the extent of positive or
negative cells (quantitative side). Moreover, it is not clear
in these scoring systems what were the criteria used to
define cutoff point between the strong, moderate and
weak biomarker expressions or between the strong and
weak biomarker expressions, which increases the degree
of subjectivity of microscopic analyses of these systems
allowing no comparison among results obtained from

different authors.
When comparing the different methods to analyse of
cytoplasmic immunostaining of VEGF-C in OSCC, we
think the scoring system used in the study of Faustino
et al., 21 which consider not only the intensity of
immunostaining but also the extent of positive malignant
cells for VEGF-C allows minimizing the subjectivity of the
analysis prompting a more efficient and reliable system to
associate the clinicapathologic features and the biomarker
expression in the invasive front tumor.
Thus, our results emphasize that, regardless of the
scoring system performed, the isolated immunoexpression
of VEGF-C in malignant cells is not directly associated
with the occurrence of occult lymph node metastases
in early stages of OSCC. Indeed, the lymphangiogenic
growth factors, as VEGF-C, must be more investigated in
OSCC, because they may become important therapeutic
targets and help to prevent the metastatic spread from
these malignancies.
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