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Abstract Hypoxia is known to have been related with

angiogenesis and glycolysis, and may have an influence on

tumor treatment effect. Because glucose utilization is

higher in malignant cells than that in normal cells, dynamic

glucose metabolism of tumor has been evaluated by means

of [18F]-fluorodeoxyglucose positron emission tomography

(FDG-PET). To investigate the significance of tumor vas-

cularization in oral squamous cell carcinoma, we compared

tumor angiogenesis with the FDG-PET findings. Twenty

patients underwent FDG-PET. For the quantitative evalu-

ation of FDG uptake in each tumor, the mean standardized

uptake value (SUV) was calculated. Microvessel structures

labeled with CD34 antigen were investigated in pretreat-

ment biopsy specimens. Using an image analyzer, we

calculated the following microvessel parameters: the ratio

of the total number of microvessels (TN) to tumor area

(TA), the ratio of the total microvessel perimeter (TP) to

the TA, and the ratio of the tumor tissue area more than

150 lm distant from each microvessel (hypoxic ratio, %).

The SUV was compared with the above parameters. Simple

regression analysis revealed a statistical significance

between the SUV and the TN:TA ratio (p = 0.046), as well

as between the SUV and the TP:TA ratio (p = 0.0206).

The SUV was found to be inversely related to the TN:TA

and TP:TA ratios. Elevated glucose metabolism assessed

by FDG-PET correlated with reduced vascularization.

Higher glucose metabolism might therefore reflect a state

of hypoxia.
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Introduction

It is well known that glucose metabolism is accelerated in

various malignant tumors, and [18F]-fluorodeoxyglucose

(FDG), which is an analog of glucose, is also transported

easily into tumor cells via glucose transporters expressed

on the cell membrane. In malignant tumors, including

squamous cell carcinoma (SCC) of the head and neck, FDG

uptake reflects the dynamic glucose metabolism of tumors.

FDG positron emission tomography (FDG-PET) imaging is

therefore useful as an excellent non-invasive diagnostic

tool for tumor detection as well as for evaluating both the

viability and degree of malignancy of tumors. We have

previously demonstrated the clinical significance of FDG-

PET in the assessment of responses to treatment and in the

prediction of residual viable tumor cells after preoperative

chemoradiotherapy in oral SCC [1, 2].

Histological grading has been conventionally used to

evaluate the degree of malignancy and to predict the effi-

cacy of treatment in cases of oral SCC. Although less

M. Nakamura � M. Kotsuji � K. Sano

Division of Dentistry and Oral Surgery,

Department of Sensory and Locomotor Medicine,

School of Medicine, University of Fukui, Fukui, Japan

Y. Kitagawa (&) � Y. Yamazaki � H. Hata

Oral Diagnosis and Medicine, Department of Oral

Pathobiological Science, Graduate School of Dental Medicine,

Hokkaido University, North 13, West 7, Kita-ku,

Sapporo 060-8586, Japan

e-mail: ykitagaw@den.hokudai.ac.jp

Y. Fujibayashi � H. Okazawa

Biomedical Imaging Research Center, University of Fukui,

Fukui, Japan

Y. Fujibayashi � Y. Yonekura

National Institute of Radiological Sciences, Chiba, Japan

123

Odontology (2012) 100:87–94

DOI 10.1007/s10266-011-0024-3



differentiated tumors are generally considered to possess a

higher degree of malignancy, the clinical behavior and the

sensitivity to chemotherapy or radiotherapy vary, even in

cases involving tumors with the same type of differentia-

tion. Due to such characteristics, it is difficult to use the

conventional clinicopathological criteria in order to accu-

rately predict tumor aggressiveness and proliferative

activity. To clarify the potential biological malignancy of

each tumor individually and to evaluate the possible use-

fulness of FDG-PET in predicting the aggressiveness of

oral SCCs, we investigated the correlation between FDG-

PET and certain cell cycle-associated markers (i.e., MIB-1

and proliferating cell nuclear antigen) [3] as well as the

argyrophilic nucleolar organizer regions (AgNORs) score,

which reflects the degree of protein synthesis [4]. These

previous studies suggested that FDG-PET may provide

non-invasive, functional images that are reflective of tumor

aggressiveness.

The metabolism of malignant tumor cells depends on

neovascularization to provide oxygen and glucose, which

in turn enables tumor growth. As regards the tumor

microenvironment, angiogenesis is considered to be a

fundamental process in tumor growth and metastasis [5].

Moreover, angiogenesis has been considered to be one

of the most important factors which influence the efficacy

of radiotherapy and/or chemotherapy for the treatment of

malignant tumors [6–9].

To investigate the significance of tumor vascularization

in cases of oral SCC, we compared the regional uptake of

FDG with tumor angiogenesis.

Materials and methods

Patients

The present study was conducted with 20 consecutive

patients who underwent FDG-PET study before chemora-

diotherapy for oral SCC (17 males and 3 females; mean age

62.3 years; range 47–78 years) (Table 1). The study was

limited to patients with a primary carcinoma. Patients with

previous treatment for cancer, distant metastasis or known

diabetes mellitus were excluded from the study. Before

treatment, biopsy was performed for the histopathological

and immunohistochemical evaluation of all patients. Pri-

mary sites were the tongue (n = 6), mandibular gingiva

(5), floor of the mouth (4), buccal mucosa (2), maxillary

gingiva (1), hard palate (1), and lower lip (1). The protocol

was approved by the Ethics Committee of the School of

Medicine at the University of Fukui, and each patient

provided his or her written informed consent. Clinical

staging was based on the International Union Against

Cancer [10] and American Joint Committee on Cancer [11]

TNM classification. Twelve of 20 patients had stage III or

IV cancer. Each of 16 patients had a well-differentiated

SCC, and the remaining four had a moderately differenti-

ated SCC. FDG-PET study was performed before biopsy in

all patients in order to eliminate the potential influence of

the biopsy on the PET results.

Treatment regimen and clinical follow-up

All 20 patients underwent our concurrent chemoradio-

therapy [1–3] (an organ preservation protocol), which

consisted of 2 courses of intraarterial chemotherapy

(THP-ADM, 5-FU, and carboplatin: CBDCA) and con-

comitant radiotherapy (30–40 Gy, 1.8–2.0 Gy per frac-

tion, at 5 fractions a week), delivered to the primary site

and involving the neck region. In 7 of 20 patients with

tumors crossing the midline, the catheters were placed

bilaterally.

Approximately 4 weeks after the chemoradiotherapy,

the grading of clinical responses was carried out based on

the World Health Organization criteria [12]. The clinical

course of all patients was followed up for more than

5 years.

FDG-PET imaging

All of the patients fasted for more than 4 h before the

PET study. 244–488 MBq of 18FDG, synthesized with an

automated FDG synthesis system (NKK, Tokyo, Japan)

using a small cyclotron (OSCAR3, Oxford Instruments,

Oxon, UK), was administered intravenously over a period

of 10 s. The PET scanning was performed using a GE

Advance System (GE, Milwaukee, WI, USA). Transmis-

sion scans were obtained for 10 min using a standard pin

source of 68Ge/68Ga for attenuation correction of the

emission images. The emission scan for a static image

was performed for 20 min, starting 40 min after the

injection. Plasma glucose levels were measured in all

patients.

Data analysis of PET result

For the quantitative evaluation of FDG uptake into the

tumor using the static images, regions of interest (ROI:

round shape with a diameter of 5 mm) were placed in the

area of highest FDG uptake on a transaxial plane. The FDG

uptake values were corrected for the injected dose and the

patients’ weight, in order to calculate the mean standard-

ized uptake values (mean SUVs) using the following

formula:

SUV ¼ tissue radioactivity concentration ðBq=mlÞ
injected dose ðBqÞ=body weight ðgÞ :
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Immunohistochemical staining

It is generally accepted that CD34 monoclonal antibody,

which specifically reacts with Homo sapiens hematopoietic

stem-cell antigens, is useful for identification of vascular

endothelium cells by immunohistochemical staining of

formalin-fixed, paraffin-embedded sections.

Here, the tumors were fixed in 10% buffered formalin

overnight. Serial tissue sections (4 lm) were deparaffi-

nized and antigen retrieval was carried out in an autoclave

for 15 min at 121�C in 0.01 M citrate buffer (pH 6.0).

After washing the sections in distilled water, they were

immersed in 0.3% H2O2 methanol in order to quench any

endogenous peroxidase activity. Then, the sections were

washed in PBS and were incubated for 20 min with diluted

normal blocking serum.

Microvessels were evaluated using a monoclonal anti-

body against CD34 class II antigen (clone QBEnd 10;

DAKO, Carpinteria, CA, USA). The primary antibody was

diluted to 1:50 with PBS, and sections were incubated for

60 min at room temperature. Specific immunostaining was

detected by the formation of avidin–biotin complexes using

a VECTASTAIN Elite ABC KIT (Vector Laboratories

Inc., Burlingame, CA) and diaminobenzidine (Dojindo,

Kumamoto, Japan). Finally, counterstaining with Mayer’s

hematoxylin was performed.

Angiogenesis assessment

Microvessel structures labeled with CD34 antigen were

investigated in all samples (Fig. 1a, b). The area of

highest vascularization was chosen at low-power magni-

fication (13.29) in individual immunohistochemically

stained sections. In the selected areas, we calculated the

following factors using a image analyzer software (Mac-

SCOPE, Mitani Corp., Fukui, Japan) and graphic soft

(Adobe Photoshop 5.0) for Macintosh (BNN, Tokyo,

Japan) as previously described by Kamijo et al. [8]. The

outlines of the endothelium of each microvessel and of

the tumor biopsy specimen are traced on a computer

display (Fig. 1c). They were converted to binary images,

and the total microvessel number (TN), the total perimeter

of the microvessels (TP), and total tumor tissue area (TA)

were calculated in each of the 20 cases. TN divided by

TA is the TN:TA ratio, and TP divided by TA is the

TP:TA ratio.

(a) the ratio of the total microvessel number (TN) to

tumor area (TA)

TN:TA ¼ tumor microvessel number ðTNÞ
tumor area ðTA;mm2Þ

(b) The ratio of the total microvessel perimeter (TP) to TA

Fig. 1 Image analysis. a Low-

power view of hematoxylin–

eosin staining showing invasive

growth of tumor cells (913.2).

b Immunohistochemical

staining for CD34 in SCC

biopsy specimens. Note the

intense staining of the

endothelial cells in these

vessels. c The outlines of the

tumor and of the endothelium of

each microvessel are traced on a

computer display. The total

number of microvessels and the

total microvessel perimeters

have been calculated. d The

yellow circle indicates the

oxygenated area within 150 lm

of a microvessel. The ratio of

tumor tissue in an area

extending beyond 150 lm from

the microvessel was calculated

as hypoxic ratio in each case

90 Odontology (2012) 100:87–94
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TP:TA ¼ tumor microvessel perimeter ðTPÞ
tumor area ðTA;mm2Þ

Figure 1d shows the yellow painted area within 150 lm

from microvessels. The oxygen diffusion distance in tumor

tissue around vessels is *150 lm, and the ratio of tumor

tissue beyond 150 lm from microvessels was calculated in

each of the 20 cases (hypoxic ratio, %).

(c) Hypoxic ratio (%) = the ratio of tumor tissue

area [ 150 lm from microvessels.

Statistical analysis

The data presented in this paper were expressed as

mean ± SD. Differences in FDG uptake were compared

using a regression analysis and the Mann–Whitney U test.

A regression analysis was used to determine the relation-

ship between the SUVs and the microvessel parameters

(TN:TA, TP:TA, hypoxic ratio).

All statistical analyses were performed using StatView

5.0 for Macintosh (BNN, Tokyo, Japan), and a probability

value of less than 0.05 was considered to be statistically

significant.

Results

Clinical response and prognosis

In all cases, the tumor decreased in size or completely

disappeared macroscopically and on MR images. In terms

of the WHO criteria, 15 patients showed a complete

clinical response, and the remaining 5 patients showed a

partial response (clinical complete response rate = 75.0%,

overall response rate = 100%). Patients were followed up

for 5 years. No local recurrence was observed in any of

the patients and 16 patients (75%) were alive at 5-year

follow-up. Two patients died of a second cancer, one died

of pneumonia, and one died of unknown disease

(Table 1).

SUV

In all patients, the pretreatment FDG-PET images dem-

onstrated an increased uptake of FDG corresponding to the

known primary lesion, as compared to that of the back-

ground tissues (Fig. 2).

Microvessel parameters

The microvessels in all biopsy specimens were stained with

a CD34 antibody. On the computed images, TN:TA,

TP:TA, and the hypoxic ratio were calculated; TN:TA =

62.55 ± 34.67 vessels/mm2, TP:TA = 2.86 ± 1.71 mm/

mm2, hypoxic ratio = 8.43 ± 8.10% (Fig. 1).

Regression analysis results

Simple regression analysis revealed a statistical signifi-

cance not only between the SUV and TN:TA, but also

between the SUV and TP:TA (Eqs. 1, 2). The SUV was in

inverse proportion to both the TN:TA (Fig. 3) and the

TP:TA ratio (Fig. 4).

SUV ¼ 13:702� 0:063� ðTN:TAÞ ðp ¼ 0:0460Þ ð1Þ
SUV ¼ 13:927� 1:459� ðTP:TAÞ ðp ¼ 0:0206Þ ð2Þ

Tumors with higher SUVs ([9.0) had fewer

microvessels per unit area of tumor (p = 0.0016)

(Fig. 5), and they also tended to exhibit a lower TP:TA

(p = 0.0724). The microvessel parameters and SUVs

showed no correlation with clinical response to

chemoradiotherapy and prognosis (Figs. 3, 4).

Discussion

It is well known that angiogenesis supplies neoplasms with

O2, and nutrition is indispensable for the proliferation,

invasion, and metastasis of tumors. In fact, in cases of oral

SCC with lymph node metastasis, the genes expressed at

high levels included angiogenesis-related molecules [13].

Fig. 2 Patient no. 11.

a Intraoral photograph of an

primary well-differentiated

squamous cell carcinoma of left

buccal mucosa. b FDG PET

image (axial plane) showing an

increased uptake (arrow) in the

left buccal region consistent

with tumor

Odontology (2012) 100:87–94 91

123



In this context, two main factors are considered to induce

tumor angiogenesis. One of these factors is the abnormal

manifestation of certain oncogenes or tumor suppressor

genes, and the other factor consists of changes in the tumor

tissue microenvironment (hypoxia, athrepsia, acidosis,

etc.). In particular, changes in the rate of glucose uptake in

rapidly growing cancer cells are likely to be associated

with adaptation to hypoxia, which induces a metabolic

switch from oxidative to glycolytic metabolism [14].

Hypoxia has been shown to be an important stimulus for

new blood vessel formation in a number of pathological

conditions, including coronary artery disease, diabetic

neovascularization, and tumor angiogenesis [15]. Sun et al.

[16] showed that hypoxia-inducible factor-1 (HIF1)-medi-

ated regulation of semaphorin 4D affects tumor growth and

vascularity in head and neck SCC. In recent years, high

levels of HIF1-alpha expression seem to predict a poor or

good prognosis for various cancers, and the prognostic

relevance of HIF1-alpha in tumors derived from squamous

epithelium is controversial [17, 18].

Clinically, blood flow to a tumor (i.e., the degree of

tissue oxygenation) is thought to be an important factor

influencing the effects of both radiotherapy and certain

types of chemotherapy used to treat malignant tumors.

Currently, one of the most widely used methods for the

assessment of tumor vascularization is the analysis of in-

tratumoral microvessel density (MVD), i.e., the number of

microvessels in a unit area. MVD is used as an index

of tumor angiogenesis, and has been investigated in terms

of whether or not it is related to prognosis, tumor metas-

tasis, tumor recurrence, the ability of tumor proliferation,

and treatment effects in various tumors. Many studies have

indicated that the MVD value is a good predictor of

prognosis (disease free survival and/or overall survival)

[19–21]. And the presence and distribution pattern of

CD34, indicated angiogenesis, around tumor blood vessels

were also associated with early metastasis to lymph nodes,

death [22], or recurrence [23].

For proliferation, tumors depend on angiogenesis;

however, tumor vessels display entirely different features,

compared with those of vessels in normal tissues. In

particular, vessels associated with tumors are frequently

extended and/or leaky, and blood flow to tumors is

oftentimes irregular and can even come to a standstill; in

addition, backward flow has also been reported [24, 25].

Recently, Hida et al. [26, 27] have demonstrated the new

concept of ‘‘tumor endothelial cells’’ which can acquire

cytogenetic abnormalities while in the tumor microenvi-

ronment. Therefore, functional evaluation may not be

possible, even if the degree of tumor angiogenesis is

evaluated only by the MVD histologically. In order to

more accurately evaluate tissue oxygenation in tumors,

and to overcome the limitations associated with the use of

Fig. 3 Correlation of SUV with total microvessel number per total

tumor area (TN:TA ratio) in 20 oral squamous cell carcinomas. SUV

was in inverse proportion to the TN:TA ratio

Fig. 4 Correlation of SUV with total microvessel perimeter per total

tumor area (TP:TA ratio) in 20 oral squamous cell carcinomas. SUV

was in inverse proportion to the TP:TA ratio

Fig. 5 Comparison of the numbers of microvessels per unit area

according to the grading of SUV. Tumors with higher SUVs ([9.0)

had fewer microvessels per unit area of tumor
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two-dimensional biopsy specimens, Kamijo et al. [8] used

a computed image system of analysis. According to their

approach, the following parameters of tissue oxygenation

are calculated: MVD, the ratio of the total number of

microvessels (TN) to tumor area (TA), the ratio of the

total microvessel perimeter (TP) to TA, and the ratio of

the tumor tissue area more than 150 lm distant from each

microvessel (hypoxic ratio, %). The oxygen diffusion

distance in the tumor tissue surrounding vessels is con-

sidered to be 150 lm, according to Eric et al. [28].

Kamijo et al. revealed that radiosensitivity could be

effectively predicted on the basis of the ratio of the total

microvessel perimeter observed in the early stages of

laryngeal carcinoma [8].

The issue of the relationship between FDG uptake

within tumors and hypoxia had already been addressed by

several authors [29, 30]. However, to date, no study has

successfully clarified the correlation between vascularity

and glucose metabolism in primary oral SCC. In order to

elucidate the association between these factors, and to

examine whether or not angiogenesis would exert an effect

on the present treatment protocol, we analyzed the rela-

tionship between the SUVs and microvessel parameters in

a study similar to that of Kamijo et al. [8]. Consequently, a

noteworthy result was obtained.

Among the oral SCCs studied here, tumors with a higher

SUV had lower TN:TA and TP:TA ratios. Tateishi et al.

[31] revealed that the mean SUV of lung cancers, including

18 adenocarcinomas and 12 SCCs, correlated with the

mean MVD. However, Veronesi et al. [32] revealed that no

correlation was observed between neoangiogenesis and

glucose metabolism in cases of lung metastases. Our results

provide further support for the conclusion that glucose

metabolism is activated by hypoxia, and FDG is easily

taken into the neoplasm by passive diffusion, rather than

by direct supply from blood vessels. As pointed out by

Arsham et al. [33], from the standpoint of cellular survival,

hypoxia would require the presence of a metabolic switch

from oxidative to glycolytic metabolism, and to ensure

further O2 delivery, angiogenesis would be activated pri-

marily by the vascular endothelial growth factors induced

by hypoxia. In other words, our results suggest that

increased glucose metabolism precedes angiogenesis as a

functional change in tumors possessing the ability to grow

rapidly.

FDG-PET provides the ability to assess multiple phys-

iological aspects of tumors in the living body. The present

findings suggest that elevated glucose metabolism, as

assessed by FDG-PET, was correlated with reduced vas-

cularization. In other words, increased glucose metabolism

may reflect hypoxia. Several studies have linked FDG

uptake in tumor to aggressiveness, resistance to treatment

and poor prognosis in a wide variety tumor subsites.

However, the PET tracer FDG is not a surrogate tracer for

tumor hypoxia, directly [34], and various molecular

imaging of hypoxia exist and are expected to provide the

selection of head and neck cancer treatment based on an

individual’s tumor oxygenation status [35, 36]. Further

clarification of the correlations among glycolysis, angio-

genesis, and clinical factors may increase the usefulness of

molecular imaging involving FDG-PET and may help in

the development of efficient anticancer therapies.
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