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The uptake of 2-deoxy-2-[18F]fluoro-D-glucose (FDG) in neck
lymph nodes of twelve patients with a squamous-cell carcinoma
of the oral cavity was studied with PET in order to detect and
locate lymphogenic mÃ©tastases.Methods: The results of FDGPET imaging were compared with clinical, MRI and histopathologic findings. Standardized uptake values (SUV) were also cal
culated. Results: A sensitivity of 91% and a specificity of 88%
were calculated for FDG-PET. In contrast, a sensitivity of 36%
and a specificity of 94% were calculated for MRI. Calculated
SUVs for reactive lymph nodes, metastatic lymph nodes and the
primary tumor were undifferentiated. Conclusion: Using FDGPET, lymph node mÃ©tastasesof squamous-cell carcinomas of
the oral cavity can be visualized with a high sensitivity and
specificity. FDG-PET can be an improvement in the evaluation of
the neck.
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figures range from 7.5% to 28% and for MRI 16% is re
ported (1,2). Consequently, there is a great need for an
improved method that allows the detection of lymphogenic
mÃ©tastasesin the neck, particularly in the clinically nega
tive neck (NO). It is expected that alterations in metabolism
precede structural alterations and that registration of these
alterations may improve the detection of mÃ©tastases. A
high rate of glycolysis is the biochemical hallmark of many
types of tumors, a phenomenon first described by War
burg, and confirmed by others (3). The transition from
slowly growing and well-differentiated to rapidly growing
and poorly differentiated neoplasms is accomplished by a
progressive increase in anaerobic glycolysis. The increased
glycolysis can be monitored with PET, using the glucose
analogue 2-deoxy-2-[18F]fluoro-D-glucose (FDG) (4). Sev
eral investigators have applied FDG-PET in detection and
staging of different types of cancer. Haberkorn et al. inves
tigated the uptake of FDG in relation to the proliferation
rate of head and neck tumors and found two groups of
patients with different uptake patterns (5). The uptake of
FDG in malignant head and neck tumors and mÃ©tastases
was studied by Minn and co-workers. They found that

At is difficult to assess the presence of cervical lymph
node mÃ©tastasesof squamous-cell carcinomas of the upper
FDG uptake is associated with the proliferative activity of
aero-digestive tract in a clinically negative neck. However,
the tumor (6). Jabour et al. found that the normal head and
there is clinical relevance in detecting such occult mÃ©tas neck anatomy could be delineated with FDG-PET. They
tases, since the extent of the treatment is determined by the
also found that nonenlarged lymph nodes, negative for
size of the tumor and by the presence or absence of met
metastatic disease according to MRI and CT, may be de
astatic lymph nodes. Many institutions employ elective
tected by FDG-PET (7).
neck treatment if the risk of occult mÃ©tastasesis estimated
However, FDG is also accumulated in abscesses as de
to be higher than 15% to 20% (1 ). Imaging techniques such
scribed by Tahara et al. (8) and Sasaki et al. (9). Moreover,
as US, MRI and CT have improved the staging of the neck
accumulation in macrophages and newly formed granula
as compared to palpation. These modalities monitor tu
tion tissue around the tumor is mentioned by Kubota et al.
mors or lymph node mÃ©tastases by size and structural
(70). This can be a major problem which may influence the
changes, not by metabolic activities. The overall error rate
specificity and sensitivity of FDG-PET in detecting lymph
of assessing the presence or absence of cervical lymph
node mÃ©tastases.
node metastasis by palpation is 20%-28%, while for CT
The aim of this study is to investigate the usefulness of
FDG-PET in the identification of lymph node mÃ©tastasesof
squamous-cell carcinomas of the oral cavity, compared to
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topathologic findings.
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TABLE 1
Assessment of Lymph Node MÃ©tastasesof Squamous-Cell Carcinomas
of the Oral Cavity
MÃ©tastases*Patient

Stage, location*

Clinical

PET

R/LT3NO, R/L
R/L
no.123456789101112SexMMFMMFFMMMMFAge(yr)664879597451667362676285Tumor
++/-T4N2b,
oral tongue R
+T1N1,lowerlipL
bue ging suie Ls
-/+T4N2a,
++/+T4NO,
rÃ©tro
maxil. R
+T2N2a,
lower gum L
+/+T2N1floor mouth R
+/-T2N3,
, oral tongue R
+/+T1 floor mouth L
-/-T4NO,
NO,floor mouth R
+T2NO,
floor mouth RL
-/++T4NO,
floor mouth L
oral tongue L

-/-/++
-/+
+/-/+/+/+/+
-/-/-/-/-

-/+

+ +/+
+
+

+ +/+
-/+MRI

R/L+/+
R/L

Hist
R/L

MRND/--/++++/-/MRND-/- -/++
-/SOND+/- -/+
MRND/SOND-/+
++/+
SOND/MRND+/+
-/MRND/-+/- ++/SOND/-+/+ ++/SOND/MRND-/-/SOND/-+
-/+/SOND/SOND-/++
++/+
-/SOND-/- -/+
-/+

Necktreatment*

SOND/SOND

'Clinical, PET, MRI and histopathological staging of both sides of the neck (- = no suspicious nodes, + = one suspicious node, + + = two or
more suspicious nodes).
'The therapy that has taken place: - = no treatment, SOND = supraornohyoid neck dissection, MRND = modified radical neck dissection.
'The T- and N- stage according to the UICC (1987) and AJCC (1988) classifications of the primary tumor and location.
*Buc ging sute -â€¢
upper buceo gingival sulcus.

MATERIALS AND METHODS

by asking the patient to stretch the neck by moving the head
backwards. To allow anatomical orientation on the PET images,
Patients
small radioactive markers were placed on the tip of the chin, the
Twelve patients were submitted to the Head and Neck Coop
mandibular angles, the mid-line of the clavicles and the jugulum.
erative Oncology Group of the University Hospital Groningen for
Next, two transmission scans of 15 min each, were performed:
evaluation of squamous-cell carcinoma of the upper aero-diges
a cranial one and a caudal one. The total distance was 21 cm.
tive tract. One patient had a primary tumor of the upper gingiva/
Immediately after the second transmission scan, FDG (185 MBq
retromaxillary area, one patient of the upper buccogingival sulcus,
to 370 MBq) was injected into a peripheral vein of the upper
one patient of the lower gingiva, one patient of the lower lip, five
extremity. Data acquisition was started 30 min after injection.
patients of the floor of the mouth and three patients of the oral
Two
static emission scans were made of ten min each in reverse
tongue (Table 1). Staging of the tumor and mÃ©tastaseswere based
order
as compared to the transmission scans.
on the International Union Against Cancer (UICC, 1987) and
Any visually positive hot spot on each emission scan was
American Joint Committee on Cancer (AJC, 1988) TNM-classification. HistolÃ³gica! grading of the primary tumor and mÃ©tastases considered to be a metastatic lymph node.
was done according to the WHO (1978) classification (11). There
were no diabetic patients in our series. The patients were allowed
MRI
a light low-glucose breakfast 3-4 hrs before the PET study. Writ
MRI was performed with a 1.5 Tesla Philips Gyroscan S-15 in
ten informed consent was obtained in all patients and the study
all patients. Tl- (TR = 650 msec, TE = 20 msec) and T2-weighted
was approved by the Medical Ethics Committee of the University
(TR = 2000 msec, TE = 50, 100 msec) pulse sequences were
Hospital Groningen.
obtained. Using a head coil, axial and coronal slices were made
with slice thickness varying between 3-5 mm. The following ra
PET Imaging
No-carrier-added FDG was synthesized with a radiochemical
diologie criteria (2) for assessing cervical mÃ©tastasesin patients
with a primary squamous-cell carcinoma were used:
purity greater than 98% according to Harnacher et al. (72).
The PET camera used was a Siemens ECAT 951 whole-body
machine. The device acquires 31 planes over an axial length of
1. Nodes with a minimal axial diameter of 11 mm or more in
10.8 cm. The measured resolution of the system is 6 mm full width
the subdigastric region and 10 mm or more in the other
lymph node-bearing regions were considered metastatic.
at half maximum (FWHM) transaxially in the center of the field of
view.
2. Groups of three or more lymph nodes of 9 or 10 mm in the
To prevent overlapping of anatomical structures and move
subdigastric region, and of 8 or 9 mm in the other lymph
ments of the head during the study, a foam-filled head mould was
node drainage regions of the tumor were considered meta
made for each patient. The patient's head was positioned in this
static.
head mould with the Frankfurter horizontal plane making an angle
3. All nodes, irrespective of size, that showed irregular en
of 110Â°
with the horizontal bed position. The Frankfurter horizon
hancement on MRI and that were surrounded by a rim of
tal plane is defined as a fictive line between the external meatus of
enhancing viable tumor or lymph node tissue were consid
the ear canal and the lower orbital rim. This position was reached
ered metastatic (2).
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Histopathology
Shortly after the PET and MRI studies, radical surgery of the
primary tumor and a selective or modified radical neck dissection
was performed. The removed specimen was stretched out on a
polystyrene pad and the coordinates were marked immediately
after removal by using colored pins. From the specimens, the
lymph nodes were isolated and studied individually using hematoxylin-eosin staining. The largest diameter was examined from
each lymph node. Lymph nodes with a diameter of 2 cm or more
were also examined.
Analysis of data
The transversal PET images were individually reoriented to
sagittal and coronal planes in order to obtain a better view of the
lymph nodes. The images were analysed visually by two observ
ers at the same time. The number and location of the tumor
positive nodes were assessed. Regions of interest (ROI) were
drawn on hot-spots representing the area of highest accumulation.
Also, ROIs were placed over areas representing areas of normal
tissue. Tracer accumulation was measured using the standardized
uptake values (SUV):
SUV =

Radioactivity

cone in ROI [mCi cm

]

Injected dose [mCiJ/Body weight [g]
Unpaired Student's t-tests were used to compare the SUVs of
the mÃ©tastaseswith those of the reactive lymph nodes and those
of the normal tissue, respectively. A similar approach was done
for the MRI. The PET and MRI observers were unaware of the
results of each other's techniques and of the histopathology. Us
ing histopathology as the gold standard, specificity, sensitivity and
predictive values of a positive and a negative test were calculated
for the lymph nodes detected by PET and MRI. Calculations also
were made for the justification of a therapeutical neck dissection
using histopathology as a reference.
Sensitivity was calculated by dividing the number of true-pos
itive cases by the sum of the number of true-positive cases and the
number of false-negative cases (x 100%). The specificity was
calculated by dividing the number of true-negative cases by the
sum of the number of true-negatives and false-positives ( x 100%).
The positive predictive value was calculated by dividing the num
ber of true-positives by the sum of the number of true-positives
and false-positives (x 100%). The negative predictive value was
calculated by dividing the number of true-negatives by the sum of
the number of true-negatives and false-positives (x 100%). The
accuracy (validity) was calculated by dividing the sum of the
true-positives and true-negatives by the total of number of lymph
nodes (x 100%). The false-negative rate was calculated by divid
ing the false-negatives by the sum of false-negatives and truenegatives (x 100%). The false-positive rate was calculated by
dividing the false-positives by the sum of true-positives and falsepositives (x 100%) (75).

TABLE 2
Results of PET, MRI and histopathology in detection of lymph
node mÃ©tastasesof squamous-cell carcinomas of the oral
cavity
Histopathology

PositivePET
PET
NegativeTotalMRI

PositiveMRI

NegativeTotalMetastatic2022281422Reactive1692522325Normal61461528144152Total42157

Twenty of the 22 metastatic lymph nodes, and 16 of the 25
reactive lymph nodes had a positive PET signal. In addi
tion, six lymph nodes which showed up on FDG-PET were
normal on histopathological examination (Table 2A). The
smallest metastatic lymph node detected was 4 mm. The
two metastatic lymph nodes not detected were 2.5 and 3
mm in size, respectively. The metastatic lymph nodes had
a SUV of 2.5 Â±0.8. The SUV of the reactive lymph nodes
was 2.6 Â±1.4 and that of the ROIs placed over the areas of
normal tissue was 1.0 Â±0.3. The metastatic SUVs and
reactive SUVs differed significantly from normal tissue
(p < 0.001), but there was no significant difference between
metastatic and reactive SUVs (p = 0.7). As can be seen in
Figure 1 the SUVs of the reactive lymph nodes fall apart
into two clusters. No histological difference between the
two clusters was established.
MRI showed 18 positive lymph nodes. When compared
with the histopathological results, 8 lymph nodes were
metastatic and 2 lymph nodes were reactive. Finally, 8 of
the lymph nodes detected on MRI were normal on histo
logical examination (Table 2B). No nodes with irregular
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RESULTS
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Twelve patients (8 male and 4 female) with histologically
verified primary squamous-cell carcinomas of the mucosa
of the oral cavity and a staging of the neck NO-N3 were
studied (mean age 65.3, s.d. 10.4 yr). Patient characteris
tics are summarized in Table 1.
Histopathology of the resection specimens showed 22
metastatic lymph nodes, 25 reactive lymph nodes and 152
normal lymph nodes. PET gave 42 positive lymph nodes.
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*'mÃ©tastases

reactive
lymph nodes

normal
tissue

FIGURE 1. The uptakeof FDG, measuredas SUV, as compared
to the histopathological findings of mÃ©tastases,reactive lymph
nodes and normal tissue in the head and neck region, ns = not
significant.
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TABLE 3
Sensitivity, Specificity and Positive and Negative Predictive
Value and False-Positive Rate for FDG-PET and MRI

Sensitivity
Specificity
Positive predictive value
Negative predictive value
False-positive ratePET91%

88%
48%
99%
52%MRI36%

TABLE 4
The results of PET, MRI and Histopathology in the Justification
of Therapeutic Neck Dissections of Squamous-Cell Carcinoma
of the Oral Cavity

94%
44%
92%
55%

PositivePET
PET
NegativeTotalMRI

enhancement smaller than 10 mm were found. The smallest
metastatic lymph node detected was 10 mm in size.
Sensitivity, specificity and predictive value of a positive
and negative test and the false-positive rate were calculated
for both diagnostic modalities and are summarized in Table
3.
According to the FDG-PET data, a neck dissection was
justified in all cases with metastatic disease. According to
the MRI data, a neck dissection was not justified in 4
patients (false negative). According to the FDG-PET data
in 5 patients an unneccessary neck dissection should have
taken place (false positive). In comparison with MRI 4
patients would have been operated upon unneccessarily
(Table 4A and B).
DISCUSSION
The application of PET, using the tracer FDG, is a
promising complementary diagnostic tool in the manage
ment of patients with cancer. Several authors have men
tioned the uptake of FDG in lymph node mÃ©tastases (57,14-18). One study described the detection of tumor
recurrence in a previously irradiated metastasis of breast
cancer. In this study, FDG-PET was the first method that
detected the tumor recurrence (75). Minn et al. described
the uptake of FDG in malignant head and neck tumors and
mÃ©tastases (6). However, the tumor population in their
study was inhomogeneous with respect to histology.
Haberkorn et al. investigated the uptake of FDG in relation
to the proliferation rate of squamous-cell carcinomas of the
head and neck (5). They found that the glucose uptake
could be correlated with the proliferative activity of the
tumor or mÃ©tastases.Wahl et al. reported that FDG given

RGURE 2. FDG-PET image
of Patient 2. A T4N2b carci
noma of the oral cavity. On the
right side three submandibular
lymph nodes (N). These nodes
were historically positive.
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PositiveMRI
NegativeTotalPositiveneck100107411HistopathologyNegativeneck59144913Total1592411

intravenously has potential as radiopharmaceutical
agent
for detection of metastatic tumors in regional lymph nodes
using PET scanning (18). In a basic study in mice and rats,
Brown et al. investigated the intratumoral distribution of
tritiated 2-fluoro-2-deoxy-D-glucose
(2-DG) and 14C-2deoxy-D-glucose (14C-DG) by autoradiography and found a
selective accumulation of 2-DG in viable cancer cells and a
negligible concentration of 2-DG in necrotic areas (19).
However, FDG also accumulates in inflammatory tissue
and in abscesses (8-10), which limits the value of this
tracer in the detection of tumor tissue.
In our study we investigated the clinical applicability of
FDG-PET in the detection of lymph node mÃ©tastases of
squamous-cell carcinomas of the oral cavity. The detection
of these mÃ©tastases,especially mÃ©tastasesnot yet detected
with conventional techniques such as palpation, MRI, CT
or US, and the exact staging will have grave implications
for treatment. The results of FDG-PET were compared
with MRI; histopathology of the removed specimens was
used as reference.
PET concurred with histopathology in 20 of 22 cases of
metastatic lymph nodes. The 2 metastatic lymph nodes
which were not detected by FDG-PET can be attributed to
the small diameter of the metastatic lymph nodes (2 mm
and 3.5 mm) in relation to the resolution of the camera
used.
It can also be argued that these mÃ©tastases were not
delineated from the surrounding normal tissue due to low
glycolytic activity. Minn et al. (15) suggested the same
explanation for the breast tumor mÃ©tastaseswhich were
not detected by FDG-PET. The relatively low glycolytic
activity has also been demonstrated for low grade gliomas
(20) and mÃ©tastasesof thyroid cancer (16). Finally, it also
can be argued that a low SUV in relation with the partial
volume effect resulted in missing these small lymph nodes.
The smallest metastatic lymph node detected by FDGPET was 4 mm whereas with MRI the smallest detected
metastatic lymph node was 10 mm. Nodes with irregular
enhancement smaller than 10 mm were not found in our
study. A major problem with the radiologie criteria used is
when a lymph node shows no irregular enhancement on
MRI that lymph node would be considered metastatic on
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the sole criterion of size as decribed by Van den Brekel et
al. They consider 9-10 mm in the subdigastric region and
10-11 mm in the other lymph node drainage regions as the
critical size to differentiate between mÃ©tastasesor reactive
lymph nodes (2). As a consequence, specificity of this
technique is increased but at the cost of lowering the sen
sitivity, since smaller lymph nodes with no irregular en
hancement are excluded by definition. Eight lymph nodes
not detected by MRI but positive with FDG-PET showed
metastatic cancer on histopathology. labour et al. investi
gated the normal FDG-PET anatomy of the head and neck
area, and used this information to study 12 patients with
oral cancer (7). Similar to our study, they found that nonenlarged lymph nodes negative on MRI and CT can be
detected by FDG-PET. In contrast to our study they de
tected only 25 of 34 metastatic lymph nodes with FDGPET. This indicates a sensitivity of 74% in their series (6),
whereas we found a sensitivity of 91%. This difference
should probably be explained by the small group of pa
tients in both studies.
A major problem with FDG-PET is the differentiation
between reactive and metastatic lymph nodes. In this study
FDG-PET also detected 16 of the 25 reactive lymph nodes
that were present in the specimens. This relatively high
false-positive rate is probably due to the accumulation of
FDG in inflammatory tissue. Unfortunately, the SUVs cal
culated for the suspected lymph nodes showed no differ
ences between reactive and metastatic lymph nodes, thus
providing no additional value.
We found a total of 199 lymph nodes in 17 dissection
specimens. Most likely, this relatively low number of
lymph nodes should be explained by the different operation
techniques of the neck dissections. Eleven of the 17 neck
dissections were supraomohyoid neck dissections and 6
were modified radical neck dissections. Another explana
tion may be that the smaller lymph nodes are missed in the
histopathological examination of the specimens. Whatever
the reason, the small number of lymph nodes found in the
resection specimens must make us aware that the calcu
lated specificity, in contrast to the sensitivity, is not a hard
figure. The specificity depends highly on the number of
lymph nodes retrieved from the specimens.
In order to avoid this drawback we have looked at the
justification for neck dissection by FDG-PET and MRI,
respectively. In our institution elective neck treatment is
justified in T4 squamous-cell carcinoma of the lip or T2-4
squamous-cell carcinomas of the oral cavity. Neck treat
ment is obligatory by the detection of one suspicious node
found by clinical examination, MRI or PET. Using these
criteria, a calculation was made between FDG-PET, MRI
and histopathology.
With FDG-PET, in 19 of the 24 necks (79%) a correct
decision would have been made for justifying an operation
or not. According to the MRI data, in 16 of the 24 necks
(66%) a correct decision would have been made. In case
FDG-PET was used as a reference 5 necks would have
been operated unneccessarily. According to the MRI-data
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4 negative necks would have been operated, while 4 other
(positive) necks would not have been operated. Most im
portant, with FDG-PET no false-negative decisions should
have been made. These data show that FDG-PET can be
an important diagnostic modality in the assessment of mÃ©
tastases of squamous-cell carcinomas of the neck.
The TNM-classification of staging of the head and neck
region is still based on palpation. According to the histopa
thology, the TNM-staging of the head and neck region by
palpation was understaged in seven patients, well staged in
four patients and overstaged in one patient. If the TNMstaging would have been based on the FDG-PET results,
no patients would have been understaged, nine patients
well-staged and three patients overstaged compared with
the histopathological results.
The additional value of FDG-PET can also be concluded
from the following. We studied nine elective neck dissec
tions which were clinically staged NO. In this group, there
were nine metastatic nodes. All these nodes were detected
with PET, a sensitivity of 100% and a specificity of 89%. In
comparison, using MRI, Van den Brekel et al. studied 60
elective neck dissections which were clinically staged NO.
In this group of neck dissections there were 25 pathological
nodes. Fifteen of these nodes were detected by MRI, a
sensitivity of 60% and a specificity of 89%. They concluded
that MRI can improve the preoperative staging of cervical
lymph nodes (7 ), but our results indicate that FDG-PET
can be a better modality for that purpose.
In one patient, we found a contralateral hot spot, which
at the time of primary treatment was not surgically re
moved because the location was thought to be unrelated to
the primary tumor. Six months after the operation, the
patient developed a metastatic lymph node at that location
and underwent subsequent surgery.
A method to improve the relatively high false-positive
rate of PET in the detection of lymph node mÃ©tastasesof
squamous-cell carcinoma of the upper aerodigestive tract
is desired. A recent animal study of Kubota et al. suggests
that a possible differentiation can be made between tumor
and reactive tissue, based on different uptake patterns (21 ).
This may also reduce the high false-positive rate in the
assessment of lymph nodes. It is possible that PET in
combination with a protein synthesis rate (PSR) marker, as
L-[l-nC]-tyrosine (22,23) or a DNA-synthesis rate marker,
e.g. HC-thymidine, will decrease the false positive rate
(24). Leskinen-Kallio
et al. reported the uptake of
L-[nCH3]-methionine in cervical nodal mÃ©tastasesin four
patients. In their study, clinical evidence of regional met
astatic spread was available in seven patients, but in three
patients the metastatic nodes were outside the field of
view. They concluded that head and neck cancers of vary
ing histology can be imaged with L-["CH3]-methionine
(25). It has to be realized that L-[nCH3]-metnionine does
not reflect the PSR due to the complicated metabolic deg
radation pattern of this tracer and the fact that this amino
acid partially reflects the transport system in brain and

215

tumor tissues (26). The value of HC-labeled amino acids
for the detection of tumor tissue still has to be established.
We conclude that FDG-PET imaging detects mÃ©tastases
of squamous-cell carcinomas of the oral cavity with high
sensitivity and specificity. However, the false-positive rate
of FDG-PET imaging is relatively high. The results of this
study indicate that FDG-PET imaging can improve the
assessment and staging of neck mÃ©tastases.
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