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Abstract
Background: Although positron emission tomography computed tomography has proven diagnostic and staging
value in head and neck carcinoma, it does not have optimal sensitivity or specificity. The positron emission
tomography computed tomography fluorodeoxyglucose standardised uptake value has been shown to be
associated with carcinoma stage. This study evaluated the impact of major clinicopathological factors on the
standardised uptake value at the primary site and at neck lymph node metastases.

Subjects and methods: Two hundred and forty-three oral cavity and laryngopharyngeal carcinoma patients who
underwent positron emission tomography computed tomography were included. Correlation between the positron
emission tomography computed tomography standardised uptake value and various clinicopathological factors was
analysed.

Results: A positive correlation was found between the standardised uptake value and the size and depth of tumour
infiltration, and lymph node positivity. Higher standardised uptake values were seen for more advanced tumour
stages. The presence of perineural invasion, lymphatic invasion and extracapsular spread were all associated
with increased standardised uptake values.

Conclusion: Most of the clinicopathological features of head and neck carcinoma which are well known to be
poor prognostic factors have a significant impact on positron emission tomography computed tomography
fluorodeoxyglucose standardised uptake value.
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Introduction
The use of positron emission tomography computed
tomography (PET-CT) as a non-invasive diagnostic
scanning technique has the advantage of combining
functional imaging with anatomical localisation.
Although it has higher sensitivity, specificity and accu-
racy than CT, PET or magnetic resonance imaging
alone, false negative and false positive results still con-
tinue to be the major problem for detecting and staging
nodal metastases in head and neck carcinoma. A
variety of factors may influence the PET-CT fluoro-
deoxyglucose (FDG) standardised uptake value of the
target tissue, including necrosis, infection, radiotherapy
and recent surgical intervention. Thus, false positive

and false negative results may arise. The standardised
uptake value is a semi-quantitative measurement of
tumour uptake of FDG, derived by measuring the
ratio of tumour radioactivity to expected target tissue
baseline radioactivity. Relatively higher concentrations
of FDG are expected to accumulate in malignant
tumours, compared with normal tissues, due to
increased metabolic activity. The standardised uptake
value threshold suggestive of malignancy is 2.5.
The specificity, sensitivity and overall accuracy of

PET-CT for the detection of primary and metastatic
disease have been widely studied. However, little atten-
tion has been paid to the impact of clinicopathological
factors on PET-CT FDG standardised uptake values in
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head and neck tumours. It is well-known that poor
prognosis is related to factors such as higher tumour
stage, poor differentiation, and perineural and extracap-
sular spread in metastatic nodes. Similarly, a higher
standardised uptake value has been shown to be a
poor prognostic factor for head and neck cancer.1–4

However, there has not been adequate investigation
of the pathological and biological mechanisms under-
lying the close correlation between the standardised
uptake value of the target tissue and the clinicopatholo-
gical factors linked to poor prognosis. Therefore, the
present study aimed to evaluate whether the PET-CT
FDG standardised uptake value correlated with clinico-
pathological features of head and neck tumours, given
that both factors are known to be associated with the
survival of head and neck cancer patients.

Materials and methods
The study received approval from the Ohio State
University Institutional Review Board.
Subsequently, we identified 243 previously

untreated head and neck cancer patients who had
undergone PET-CT evaluation and diagnostic or thera-
peutic neck dissection, and who had received a diagno-
sis of oral cavity carcinoma, laryngopharyngeal
carcinoma or carcinoma of unknown primary
between 1 January 2005 and 12 December 2007 at
the otolaryngology-head and neck surgery department
of the Arthur G James Cancer Hospital and Richard J
Solove Research Institute of the Ohio State
University Medical Center. All 243 identified patients
were included in the study. Electronic medical
records for each of these patients, including detailed
clinical, pathological and operative reports, were retro-
spectively reviewed and analysed. Patients with naso-
pharyngeal primaries were excluded from the study.
All patients with primary site carcinoma, except

those with carcinoma of an unknown primary, were
treated with surgical resection followed by unilateral
or bilateral neck dissection, performed by three senior
surgeons. All histopathological examinations were per-
formed by three senior pathologists. Histopathological
analysis included: tumour stage, grade, size and depth
of infiltration; size of the largest lymph node; number
of positive lymph nodes; extracapsular spread; and
lymphatic and perineural invasion. We assessed the
correlation between the PET-CT FDG standardised
uptake value and the above-mentioned clinicopatholo-
gical factors. The effect of primary tumour location on
standardised uptake value was also examined, exclud-
ing patients with carcinoma of unknown primary.

Statistical analysis

The R statistical analysis package was used for statisti-
cal analysis. The Student t-test and one-way analysis of
variance tests were used to calculate statistical signifi-
cances for single dependent variables. A general
linear model was used to test linear combinations of
multiple dependent variables. Any p value of less

than 0.05 was accepted as significant at the 95 per
cent confidence level.

Results
Eighty-nine of the 243 patients (36.6 per cent) had
primary carcinoma of the oral cavity; others had
primary carcinoma of the oropharynx (33.7 per cent),
larynx (18.5 per cent) or hypopharynx (3.7 per cent),
while 7.4 per cent had an unknown primary
(Figure 1). After excluding the 18 patients with carci-
noma of unknown primary, the distribution of patho-
logical tumour (T) stage was: 36 patients with T1

carcinoma (16 per cent); 78 with T2 (35 per cent), 59
with T3 (26 per cent) and 52 with T4 (23 per cent).
The patients’ pathological T stage and corresponding

mean standardised uptake value distributions are indi-
cated in Figure 2. Tumour stage was found to have a
significant association with standardised uptake value
(p< 0.0001). The mean standardised uptake value of
T1 tumours was significantly lower than that of T2,
T3 and T4 tumours (p< 0.001). The mean standardised
uptake value of T2 tumours was also significantly lower
than that of T3 and T4 tumours (p< 0.003) (Table I).
The depth of infiltration of the primary tumour was

also significantly associated with the standardised
uptake value (Figure 3). Table II shows the distribution
of mean standardised uptake values according to depth
of tumour infiltration. Tumours with an infiltration
depth of 1 mm or less had a significantly smaller
mean standardised uptake value than more deeply infil-
trating tumours (p< 0.0001).
In addition, we observed a significant positive corre-

lation between the standardised uptake value and the
size of the largest metastatic lymph node (Figure 4),
the presence or absence of lymph node metastases
(Figure 5), and the presence or absence of extracapsular
spread (Figure 6) (p< 0.0001). The presence of peri-
neural invasion (p= 0.013) and lymphatic invasion
(p= 0.0093) were also associated with higher standar-
dised uptake values, compared with tumours lacking

FIG. 1

Bar chart showing distribution of primary sites. CUP= cancer of
unknown primary
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these features. Standardised uptake value was not
affected by tumour grade.
The combined effect of all of the above factors on

standardised uptake value was tested using a general
linear model. Tumour size (p< 0.0001) and lymphatic
invasion (p= 0.004) had the most significant effects.

Discussion
Malignant tumours are characterised by increased
glucose metabolism when compared with healthy
cells.5 The PET-CT fluorodeoxyglucose (FDG) stan-
dardised uptake value clinically predicts the prognosis
of patients with various primary tumours, including
head and neck tumours.6–9 This association of
increased standardised uptake value with poor progno-
sis may be due to cellular and clinicomorphological
features of the tumour. Fluorodeoxyglucose uptake
has been shown to correlate with cell viability and

proliferative activity.10,11 Fluorodeoxyglucose uptake
is greater in fast-growing tumours than slow-growing
ones.12

In the present study, tumour size and depth of inva-
sion correlated with PET-CT FDG standardised uptake
value. As tumour size and invasion depth are the com-
ponents determining T stage, we would expect T stage
to correlate with standardised uptake value. As
expected, in the current study head and neck cancers
of more advanced T stage demonstrated higher standar-
dised uptake values. This is consistent with previous
reports that primary tumour size and invasion depth
correlate with standardised uptake value in oesopha-
geal13 and oral cavity carcinoma.14 Thus, our own
and previous authors’ findings demonstrate that the
PET-CT FDG standardised uptake value of tumours
closely correlates with both tumour size and depth of
invasion. Tumours with higher standardised uptake
values have greater tumour mass and invasiveness.

TABLE I

STANDARDISED UPTAKE VALUE BY PATHOLOGICAL
TUMOUR STAGE

Stage Pts (n) SUV

Mean SD

T1 36 6.22 3.94
T2 78 10.08 4.89
T3 59 13.71 6.22
T4 52 11.90 5.09

Pts= patients; SUV= standardised uptake value; SD= standard
deviation; T= tumour stage

FIG. 3

Box plot showing primary tumour positron emission tomography
computed tomography standardised uptake values (PET-CT SUV)
according to depth of tumour infiltration (p< 0.0001). Boxes rep-
resent first and third quartiles and medians; whiskers represent 95
per cent confidence intervals; higher plot points represent outliers.

FIG. 2

Box plot showing primary tumour positron emission tomography
computed tomography standardised uptake values (PET-CT SUV)
according to tumour size, indicating pathological tumour stage
(p< 0.0001). (Note that tumour (T) stage depends solely on
tumour size: sizes of <2, 2–4 and >4 cm exactly define T1, T2
and T3–4, respectively). Boxes represent first and third quartiles
and medians; whiskers represent 95 per cent confidence intervals.

TABLE II

STANDARDISED UPTAKE VALUE BY TUMOUR
INFILTRATION DEPTH

Depth (mm) SUV

Mean Range

<1 7.81 0–24
1–2 12.32 3.5–35
2–3 13.41 4.4–29
3–4 14.72 7.8–25.7

SUV= standardised uptake value
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The present study also found that standardised
uptake value was significantly associated with tumour
lymphatic invasion. This may be related to the above-
mentioned tendency of tumours with more aggressive
biological characteristics to display higher standardised
uptake values. Higashi et al.15 reported that the inci-
dence of lymphatic invasion and lymph node

metastasis in non-small cell lung cancer was signifi-
cantly associated with 18F-FDG uptake; they concluded
that 18F-FDG uptake by the primary tumour was a
strong predictor of lymphatic vessel invasion and
lymph node metastasis.
The number of metastatic nodes was found to corre-

late well with the primary tumour PET-CT FDG stan-
dardised uptake value in the current study. This
relationship has also been demonstrated by several
studies investigating primary sites other than the head
and neck, including lung16,17 cervix18 and oesopha-
gus.13 It is already very well-known that tumours
with more advanced T stages are more prone to
develop lymphatic metastases. This, indirectly, refers
to poor prognosis. However, in the present study the
mean standardised uptake value did not differ signifi-
cantly in patients with the same T stage but different
nodal status.

• This study assessed positron emission
tomography computed tomography
fluorodeoxyglucose standardised uptake
values in head and neck cancer patients

• Increased values correlated with tumour
stage, infiltration depth, perineural and
lymphatic invasion, lymph node size, node
positivity and extracapsular spread

We did not find any correlation between histological
tumour grade and standardised uptake value.
Histological grade could be expected to correlate with
standardised uptake value, since poorly differentiated

FIG. 5

Box plot showing nodal positron emission tomography computed
tomography standardised uptake values (PET-CT SUV) according
to the presence or absence of lymph node metastases (p<
0.0001). Boxes, whiskers and plot points as per Figure 3 legend.

N= node stage

FIG. 4

Box plot showing nodal positron emission tomography computed
tomography standardised uptake values (PET-CT SUV) according
to the size of the largest lymph node (p< 0.0001). Boxes, whiskers

and plot points as per Figure 3 legend. N= node stage

FIG. 6

Box plot showing nodal positron emission tomography computed
tomography standardised uptake values (PET-CT SUV) according
to the presence or absence of extracapsular spread (p< 0.0001).

Boxes, whiskers and plot points as per Figure 3 legend.
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tumours are predisposed to increased FDG uptake.
Similar to the present study, Suzuki et al.19 reported
that neither histological grading nor mitotic or apopto-
tic status correlated with standardised uptake value in
patients with head and neck carcinoma. Feng et al.13

reported that poorly differentiated tumours exhibited
higher standardised uptake values than well differen-
tiated tumours in patients with oesophageal carcinoma.
However, this study had a relatively small sample size
compared with the present study. Kidd et al.20 reported
that cervical tumour FDG uptake varied with tumour
histology and differentiation: squamous cell tumours
demonstrated significantly higher standardised uptake
values than non-squamous cell tumours, and poorly
differentiated tumours also had higher standardised
uptake values.
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