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Abstract. The aim of this study was to evaluate the pos-
sible usefulness of fluorine-18 fluorodeoxyglucose posi-
tron emission tomography (FDG-PET) for predicting tu-
mour aggressiveness and response to intra-arterial che-
motherapy (THP-ADM + 5-FU + carboplatin) and radio-
therapy in head and neck carcinomas. Twenty patients
with squamous cell carcinoma (SCC) of the head and
neck were included in the study. All patients completed
the treatment regimen, and each patient underwent two
FDG-PET studies, one prior to and one at 4 weeks after
the chemoradiotherapy. For the quantitative evaluation
of regional FDG uptake in the tumour, standardised up-
take values (SUVs) with an uptake period of 50 min
were used. The pre-treatment SUV (pre-SUV) and post-
treatment SUV (post-SUV) were compared with im-
munohistologically evaluated tumour proliferative poten-
tial (MIB-1 and PCNA), tumour cellularity and other pa-
rameters including histological grade, tumour size and
stage, clinical response and histological evaluation after
therapy. All neoplastic lesions showed high SUVs
(mean, 9.75 mg/ml) prior to the treatment, which de-
creased significantly after the therapy (3.41 mg/ml,
P<0.01). Pre-SUV did not show any correlation with
MIB-1, PCNA, cellularity or other parameters. However,
lower post-SUV was significantly correlated with good
histological results after therapy (no viable tumour cells,
n=16). In comparison with moderately differentiated
SCCs, well-differentiated SCCs exhibited significantly
lower post-SUV and a larger difference between pre- and
post-SUVs. Lesions with a high pre-SUV (>7 mg/ml)
showed residual tumour cells after treatment in 4 out of
15 patients, whereas patients whose lesions showed a
low pre-SUV (<7 mg/ml, five patients) were successfully
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treated. Four out of six tumours with a post-SUV higher
than 4 mg/ml had viable tumour cells, whereas all tu-
mours (14/14) with a post-SUV lower than 4 mg/ml
showed no viable tumour cells. Computational multivari-
ate analysis using multiple regression revealed four fac-
tors (MIB-1 labelling index, cellularity, the number of
MIB-1 labelled tumour cells and tumour size grade) con-
tributing to pre-SUV and pre-post SUV (difference be-
tween pre-treatment SUV and post-treatment SUV in
each patient) with statistical significance. FDG uptake in
the tumour might reflect tumour aggressiveness, which is
closely related to the proliferative activity and cellulari-
ty. Pre-treatment FDG-PET is useful in predicting the re-
sponse to treatment, and post-treatment FDG-PET is of
value in predicting residual viable tumours. FDG-PET
has a profound impact on the treatment strategy for head
and neck carcinomas.

Keywords: FDG-PET — Head and neck — Proliferation —
MIB-1 - PCNA
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Introduction

Squamous cell carcinoma (SCC) of the head and neck is
a histologically distinct but clinically heterogeneous en-
tity including multiple anatomical sites of origin with
different natural history and clinical behaviour. Due to
these characteristics, it is difficult to accurately predict
the efficacy of treatments and the prognosis of patients
using conventional clinicopathological criteria. Increas-
ing biological knowledge of head and neck cancer in
terms of parameters such as tumour aggressiveness or
proliferative activity would help to determine optimal
management and evaluate prognosis.
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Malignant tumours are characterised by increased
glucose metabolism [1], which can be monitored with
positron emission tomography (PET) using a glucose an-
alogue, fluorine-18 labelled fluorodeoxyglucose (FDG)
[2]. FDG-PET has an advantage over other imaging mo-
dalities in detecting change in glucose metabolism,
which is closely related to the viability of the cancer
cells. FDG-PET has gained acceptance in clinical oncol-
ogy for the detection and staging of various kinds of ma-
lignancies [3, 4]. We have previously shown the clinical
value of FDG-PET in head and neck SCCs, for monitor-
ing response to neoadjuvant intra-arterial chemotherapy
with concomitant radiotherapy [5].

In vitro assessment of proliferative rates of tumours
has advanced with the development of immunohisto-
chemical techniques [proliferation markers such as Ki-67
and proliferating cell nuclear antigen (PCNA)] and DNA
flow cytometry, which label cells in different states of bi-
ological activity. In certain tumour cell types, glucose
metabolism measured by FDG-PET varies proportional-
ly with the proliferative activity and the grade of malig-
nant cells [6, 7, 8]. A few reports have correlated FDG
uptake with proliferation in head and neck carcinomas
[9, 10, 11]. However, to our knowledge, no previous re-
port has correlated metabolic activity with proliferative
activity in relation to response to therapy and prognosis
of head and neck cancer.

This study aimed to evaluate the possible usefulness
of FDG-PET in predicting tumour aggressiveness and re-
sponse to intra-arterial chemotherapy and radiotherapy in
head and neck carcinomas. For this purpose, we com-
pared regional uptake of FDG with immunohistological-
ly evaluated tumour proliferative potential, tumour cellu-
larity and other clinicopathological parameters.

Materials and methods

Patients. The study was prospectively conducted in 20 consecu-
tive patients with head and neck cancer who completed the treat-
ment regimen described below and underwent two FDG-PET
studies, one prior to and one after treatment (17 males and 3 fe-
males; mean age, 62.3 years; range, 47-78 years) (Table 1). Biop-
sy was performed before treatment in all patients for the histopath-
ological and immunohistological evaluation. Biopsy or surgical
specimens after treatment were also available for the evaluation of
therapeutic effects in all patients. Patients were followed up for
1-7 years (mean, 4 years and 4 months). Patients with previous
treatment for cancer, distant metastasis or known diabetes mellitus
were excluded from the study. The clinical staging was based on
the criteria of the International Union Against Cancer [12] and the
American Joint Committee on Cancer TNM classification [13].
The FDG-PET study was performed before biopsy in all patients
in order to eliminate the influence of biopsy on the PET results.
Twelve of the 20 patients were in stage III or IV. Sixteen patients
had a well-differentiated SCC and the remaining four patients had
a moderately differentiated one. The study protocol was approved
by the Ethical Committee of Fukui Medical University and each
patient gave their written informed consent.

Treatment regimen. All 20 patients received neoadjuvant chemora-
diotherapy as an organ preservation protocol [5], consisting of two
courses of intra-arterial chemotherapy [THP-ADM, 5-FU and car-
boplatin (CBDCA)] and concomitant radiotherapy (30-40 Gy). In
seven patients with a tumour crossing the midline, the arterial
catheter was placed bilaterally.

Four weeks after completion of the chemoradiotherapy, the
clinical response was evaluated using the WHO criteria [14]. Ef-
fects of the therapy were also evaluated histologically using the
surgical or biopsy specimens in all patients according to the classi-
fication of Shimosato et al. [15].

FDG-PET imaging. All PET imaging procedures used in this
study were exactly the same as those used in our previous study
[5]. FDG was produced with an automated FDG synthesis system
(NKK, Tokyo, Japan) with a small cyclotron (OSCAR3, Oxford
Instruments, UK) [16]. PET scanning was performed on a GE Ad-
vance scanner (GE, Milwaukee, Wis., USA) [17]. Transmission
scan was performed for 10 min using a standard rod source of
68Ge/8Ga for attenuation correction of the emission images.

The 20 patients underwent FDG-PET prior to and more than 4
weeks after chemoradiotherapy (mean, 38 days after the treat-
ment). The subjects were administered 244-488 MBq
(6.6-13.2 mCi) FDG in a fasting state, delivered via the cubital
vein over 10 s. Emission scan was performed for 20 min, starting
at 40 min after the injection. The plasma glucose levels were mea-
sured in all patients.

Data analysis of PET results. For the quantitative evaluation of
FDG uptake in the tumour, regions of interest (ROIs: round in
shape and 5 mm in diameter) were placed on the area of highest
FDG uptake on the static images. The FDG uptake values were
corrected for the injected dose and patient body weight in order to
obtain the standardised uptake values (SUVs) as follows:

tissue radioactivity concentration (Bq,/ml)
SUV =—— :
injected dose (Bq)/body weight (g)

Finally, we compared the pre-treatment SUV (pre-SUV) and post-
treatment SUV (post-SUV) with histological and immunohisto-
chemical results.

Immunohistochemistry for MIB-1 and PCNA. All pre-treatment bi-
opsy specimens were used for MIB-1 (Ki-67) [18] and PCNA
staining by the immunoperoxidase (ABC) method.

Paraffin sections of 10% buffered formalin-fixed samples were
rehydrated through a graded series of ethanol after deparaffinisa-
tion in xylene and then washed in distilled water. For MIB-1, for
retrieval of antigenicity, the sections were placed in 0.01 M citrate
buffer (pH 6.0) and treated three times for 5 min (1 min interval
for each irradiation) in a household microwave oven (Toshiba
ER-VS2, Tokyo, Japan) at 500 W [19]. The sections were allowed
to cool at room temperature (RT) for 20 min. In both MIB-1 and
PCNA procedures, endogenous peroxidase activity was blocked
by methanol containing 0.3% H,0, for 30 min. Immunostaining
was performed using a Vectastain Elite ABC Mouse IgG Kit (Vec-
tor Lab., Burlingame, Calif., USA). After rinsing with phosphate-
buffered saline (PBS, pH 7.2), non-specific binding was blocked
with diluted normal horse serum. The sections were then incubat-
ed for 1 h at RT with the primary MIB-1 antibody (Immunotech,
Marseille, France; 1:100 diluted with PBS) or primary PCNA anti-
body (Novocastra Lab., Newcastle, UK; 1:100 diluted with PBS).
Sections were then rinsed with PBS and incubated with biotinyla-
ted horse anti-mouse IgG for 30 min. After washing with PBS, the
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antibody binding sites were demonstrated using 3,3'-diaminoben-
zidine tetrahydrochloride (DAB; Dojin, Kumamoto, Japan). The
sections were lightly counterstained with haematoxylin, dehydrat-
ed with ethanol, cleared with xylene and mounted with Entellan
Neu (Merck, Darmstadt, Germany). Negative control sections
were prepared by performing immunohistochemistry using non-
immune mouse isotype IgG1 (DAKO, Glostrup, Denmark; 1:100
diluted with PBS) instead of the primary MIB-1 antibody, and
non-immune mouse isotype IgG2a (DAKO, Glostrup, Denmark;
1:100 diluted with PBS) instead of the primary PCNA antibody,
respectively.

Quantitative analysis of immunostaining results. Areas with a rep-
resentative histological pattern of the lesion were randomly ob-
served. Two observers independently evaluated and interpreted the
results of immunostaining without knowledge of any clinical in-
formation or PET data. At least 1,000 labelled and unlabelled tu-
mour cells were counted with a squared eyepiece graticule (Nikon,
Tokyo, Japan) at a magnification of x400 under an optical micro-
scope (Biophot, Nikon, Tokyo, Japan). Counting was performed
within a grid of the eyepiece graticule in a minimum of three
fields. The labelling index (LI; %) for MIB-1 or PCNA was calcu-
lated as (labelled cells/total cells counted) x100. The results of the
labelling indices in this study were shown as an average of the ob-
servation data by the two examiners.

Cellular density (cellularity). Tumour cells were counted by the
same examiners in the same high-power fields (magnification
x400) within a grid of the eyepiece graticule in a minimum of
three fields to determine cellular density. Cellular density was de-
fined as the number of tumour cells within a grid of the eyepiece
graticule at a magnification of x400 [tumour cells/250 pmx
250 pum (0.0625 mm?2)].

Statistical analysis. The data presented in this paper are expressed
as mean+SD. Regression analysis was used to determine the exis-
tence of relationships between SUV and labelling indices of MIB-
1 and PCNA, cellularity, number of MIB-1 labelled (positive) tu-
mour cells (multiplication of MIB-1 LI by cellularity) and number
of PCNA-labelled (positive) tumour cells (multiplication of PCNA
LI by cellularity). Analyses for post-SUV and pre-post SUV (dif-
ference between pre-treatment SUV and post-treatment SUV in
each patient) were also performed in the same manner.
Mann-Whitney U test and Kruskal-Wallis test were used to de-
termine differences between pre-SUV, post-SUV and pre-post
SUV and histopathological grade (differentiation), tumour catego-
ry, stage, clinical response and histological evaluation after thera-
py according to the classification of Shimosato et al. [15].
Multivariate analysis was performed by multiple regression
analysis. Probability values of less than 0.05 indicated a statisti-
cally significant difference (two tails). All statistical analyses were
performed using StatView 5.0 for Macintosh (BNN, Tokyo, Ja-

pan).
Results
Table 1 summarises tumour characteristics, response to

therapy, FDG uptake values, and histopathological data
of each patient.
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Response to therapy

Based on the WHO criteria, 15 out of the 20 patients
showed a clinically complete response and the remaining
five patients were designated as partial responders. His-
tological evaluation after therapy showed no viable tu-
mour cells (grade 4) in 16 out of 20 patients (80.0%).
The remaining four patients had residual tumour cells
(grade 0, n=1; grade 2b, n=3).

All pre-treatment FDG-PET studies demonstrated fo-
cal FDG uptake corresponding to the known tumour con-
firmed by biopsy and other imaging modalities or visual
inspection. After therapy, all primary lesions showed an
obvious decrease in FDG uptake. The mean SUV de-
creased significantly from 9.75+4.85 mg/ml (range
4.07-26.10 mg/ml) to 3.41+1.58 mg/ml (range 1.12-
8.32 mg/ml) (P<0.01). Tumours with residual viable
cells (grades 0 and 2b, n=4) showed a post-SUV of
5.54+1.88 mg/ml (range 4.39-8.32). On the other hand,
grade 4 tumours without residual tumour cells (n=16)
had a significantly lower SUV (P<0.01) of 2.88+
0.98 mg/ml (range 1.12-4.61). Four out of six tumours
with post-SUVs higher than 4 mg/ml had viable tumour
cells, and showed pre-SUVs higher than 7 mg/ml. On the
other hand, all tumours with post-SUVs lower than
4 mg/ml (14/14) were free of viable cells regardless of
their pre-SUVs. Lesions with high pre-SUV (>7 mg/ml)
showed residual viable tumour cells after the treatment
in 4 out of 15 patients, whereas those with low pre-SUV's
(<7 mg/ml, five patients) were successfully treated.

With concomitant chemoradiotherapy monitored by
FDG-PET, six patients avoided surgery, and the remain-
ing 14 patients underwent a reduced form of surgery. No
local recurrence was observed at a maximum follow-up
of 7 years (mean, 4 years and 4 months; range, 1 year—
7 years). Two patients died of distant metastases (surviv-
al period 1 year, and 6 years, respectively) and one died
of pneumonia. The remaining 17 patients (85%) now
survive free of cancer. The 5-year survival rate was 90%.

Immunohistochemistry for MIB-1 and PCNA,
and cellularity

Mean labelling indices for MIB-1 and PCNA were
27.3%+12.1% (range 6.2%-51.8%) and 31.6%=10.5%
(range 11.8%—56.6%), respectively. Mean cellularity was
327.2+95.8 (range 203.1-522.1).

Association between SUVs and various parameters

Intense immunoreactivity to MIB-1 or PCNA antigen
was present in head and neck carcinomas with low FDG
uptake as well as in those with high FDG uptake. No sig-
nificant correlation was found between pre-SUV and
MIB-1 LI or between pre-SUV and PCNA LI (Fig. 1).
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Fig. 1A-D. FDG-PET image and histological and immunohisto-
chemical findings in a 64-year-old male with mandibular gingival
cancer. A The pre-treatment FDG-PET image shows intense focal
accumulation (SUV=8.40 mg/ml) in the tumour. B Haematoxylin
and eosin staining reveals a well-differentiated squamous cell car-
cinoma (cellularity =240.8) (magnification x33). C, D Immuno-
histochemical staining demonstrates MIB-1 positive cells (C;
MIB-1 labelling index: 26.4%) and PCNA-positive cells (D;
PCNA labelling index: 30.6%) in the nuclei of peripheral cells of
the tumour nest (magnification x33)

Regression analysis also revealed no significant correla-
tion between pre-SUV and cellularity.

Statistical analysis showed no significant difference
in pre-SUV between subgroups of each parameter (histo-
logical grade, tumour size, stage and so on). However,
Mann-Whitney U test showed statistically significant
differences in post-SUV between histological grades
(differentiation). In addition, with regard to the differ-
ence between pre-SUV and post-SUV (pre-SUV minus
post-SUV: pre-post SUV), a higher pre-post SUV was
associated with greater tumour differentiation (Table 2).

Multivariate analysis

Eight factors (histological grade, tumour size, stage,
MIB-1 LI, PCNA LI, cellularity, MIB-1 labelled tumour
cells, and PCNA labelled tumour cells) were evaluated
by the multivariate analysis for SUV. The analysis re-
vealed the multiple regression equations with statistical
significance as follows:
Pre — SUV = —33.558 + 1.188 x (MIB — 1LI)
+0.1 x (cellularity) — 0.328
x (number of MIB — 1 labelled tumour cells)
+2.948 X (tumour size grade)
F value=3.690 (P=0.0277), R?=0.496 (R=0.704). The
above four regression coefficients were statistically sig-
nificant (MIB-1 LI: P=0.0055; cellularity: P=0.0092;
MIB-1 labelled tumour cells: P=0.0062; tumour size
grade: P=0.0077).
Pre — postSUV = —48.577 + 1.555 x (MIB — 1LI)
+0.13 x (cellularity) —0.429
x (number of MIB
— 1 labelled tumour cells)
+3.235 x (tumour size grade)
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F value=5.077 (P=0.0087), R?=0.575 (R=0.758). The
above four regression coefficients were statistically sig-
nificant (MIB-1 LI: P=0.001; cellularity: P=0.0019;
MIB-1 labelled tumour cells: P=0.0012; tumour size
grade: P=0.0054).

Multivariate analyses with the other variables showed
no statistical significance.

Discussion

FDG uptake is fundamentally a measure of energy me-
tabolism. Therefore, we hypothesised that pathological
characteristics, such as high proliferative activity and
high tumour cellularity, might be related to elevated
SUV in untreated head and neck cancer. However, no
single factor explained elevated FDG uptake by itself.

Data on FDG uptake in association with proliferative
activity or with cellularity in malignant tumours are con-
troversial. Okada et al. compared FDG uptake and cellu-
lar proliferation in 23 patients with malignant lympho-
mas of the head and neck, and found that tumour prolif-
erative activity assessed by Ki-67 immunoreactivity in-
creased in proportion to increases in FDG uptake [8]. In
addition, FDG accumulation has been shown to correlate
with the proliferative index measured by DNA flow cy-
tometry in head and neck tumours [9, 10, 11, 20]. The
presence of a similar relationship has been reported in
other malignant tumours [21, 22, 23, 24].

In contrast, Buck et al. recently found no correlation
between proliferative activity and FDG uptake in pancre-
atic cancer [25]. Higashi et al., in an in vitro study,
showed that FDG accumulation has a close relationship
with the number of viable tumour cells rather than with
proliferative activity [26]. In clinical studies, cellularity,
rather than proliferative activity, has been suggested to
have a significant relationship to FDG uptake in rectal
cancer [27], pancreatic cancer [28, 29] and other tumours
[30, 31].

In our study, the multivariate analysis revealed four
factors (MIB-1 LI, cellularity, the number of MIB-1 la-
belled tumour cells and tumour size grade) contributing to
high pre-SUV and pre-post SUV with statistical signifi-
cance. These findings suggest that under the conditions of
higher tumour cellularity, increased expression of MIB-1
immunoreactivity and larger tumour size, head and neck
carcinomas have higher FDG uptake in the tumour cell.
Furthermore, under the same conditions, tumours could be
expected to show good sensitivity to our chemoradiothera-
py regimen. In other words, FDG accumulation and the
efficacy of chemoradiotherapy are closely related to cellu-
larity, MIB-1 LI and tumour size, which are supposed to
express biological tumour characteristics, including ag-
gressiveness, in head and neck cancers. The results ob-
tained seemed to support our hypothesis.

This study showed advantages of FDG-PET over con-
ventional criteria in monitoring patients throughout treat-
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ment. Compared with moderately differentiated tumours,
well-differentiated SCCs responded better to our chemo-
radiotherapy, showing significantly lower post-SUV, a
larger absolute reduction in tumour size and a larger dif-
ference between pre- and post-SUV. These characteris-
tics are useful for predicting response to therapy. Beside
the differentiation of tumours, pre-SUV itself was useful
in predicting the response to therapy. Tumours with a
high pre-SUV (>7 mg/ml) appeared to be more resistant
to treatment than those with a low pre-SUV. This may be
because higher FDG uptake indicates greater cell viabili-
ty or a higher propensity for cells to divide, or both [10,
26].

Post-SUV was also useful for predicting the presence
or absence of residual tumour cells. In this study, the
quantitative threshold value for differentiating the pres-
ence or absence of residual tumour cells was tentatively
determined as a post-SUV of 4.0 mg/ml. With this cut-
off value, all four lesions with viable tumour cells after
treatment could be diagnosed as true-positive (sensitivi-
ty, 100%), and all tumours with post-SUVs lower than
4 mg/ml (14/14) were free of viable tumour cells regard-
less of their pre-SUVs. Therefore, by providing a precise
assessment of the efficacy of chemoradiotherapy prior to
surgery, post-SUV is of great significance in enabling a
decision to be made regarding the optimal surgical op-
tion in each patient. This information would never be
available by means of immunohistochemical and mor-
phological evaluations.

We have already attempted to determine the selection
of further treatment based on the FDG-PET data. In six
patients, who showed a post-SUV lower than 4.0 mg/ml
in addition to complete response, surgery was avoided.
In these patients, no recurrence was observed at a mean
follow-up of more than 4 years. The remaining 14 pa-
tients underwent reduced conservative surgery, with re-
sultant clinical advantages in terms of lower risk of aes-
thetic problems and greater preservation of oral function.
Follow-up data showed a 5-year survival rate of 90%.
These results suggest that FDG-PET is a powerful tool in
assessing the therapeutic effect and can contribute to the
improvement of the quality of life of patients with head
and neck carcinomas.

Limitations of the study

Although the post-SUV was very useful in predicting the
presence or absence of residual tumour cells, a false pos-
itive result was obtained in two patients. Because of a
prolonged inflammatory reaction after radiation therapy,
we waited more than 4 weeks after completion of the
therapy for the post-treatment evaluation by FDG-PET.
Even after more than 4 weeks, however, an inflammatory
reaction may continue in some patients, potentially af-
fecting FDG uptake. Actually in these patients, no resid-
ual tumour cells were found in the surgical specimen.
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Many reports have suggested an association between
increased SUV and single factors such as proliferative
activity, cellularity and so on [8, 9, 10, 11, 20, 26, 27, 28,
29, 30, 31]. Although our study demonstrated several
factors contributing to the pre-treatment SUV, we could
not find a single factor that explained the high SUV by
itself. This may be partly explained by the fact that head
and neck carcinomas are a heterogeneous entity includ-
ing multiple anatomical sites of origin. The shape and
size of the tumour may affect the SUV because of the
partial volume effect; this is especially true in the case of
thin superficial tumours. Another explanation may be the
difference in sampled area between the methods for eval-
uation. The stained sections for immunohistochemistry
and cellularity scoring may not correspond exactly to
representative areas of FDG uptake on PET images. Bi-
opsy specimens just provide information on a limited
part of the tumour, whereas FDG uptake on PET images,
representing energy metabolism, reflects biological ac-
tivity of the tumour as a whole.

Conclusion

FDG-PET provides a non-invasive functional image re-
flecting the biological metabolism of the whole tumour,
and is of great benefit in terms of clinical cancer man-
agement. Cellularity, MIB-1 labelling index and tumour
size (i.e. biological tumour aggressiveness) play an es-
sential role both in FDG accumulation and in efficacy of
the chemoradiotherapy. Pre-treatment FDG-PET is use-
ful in predicting the response to treatment, and post-
treatment FDG-PET is of value in predicting the pres-
ence or absence of residual tumour. FDG-PET will have
a profound impact on the treatment strategy for head and
neck carcinomas.
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