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Abstract

We evaluated positron emission tomography (PET) with 2-[fluorine-18]fluoro-2-deoxy-D-glucose (FDG) in the detection of
recurrent head and neck cancer, and compared visual and quantitative interpretation of PET images for their accuracy in the
identification of tumour recurrence. Sixty-two FDG PET studies were performed in 56 patients having a total of 81 lesions, which
were clinically suspected for recurrent carcinoma of the head and neck. The PET images were interpreted visually, and tracer
uptake was quantitated as the standardised uptake value adjusted to body weight (SUV). Sensitivity of visual interpretation of the
PET images for the presence of malignancy ranged from 84 to 95%, and specificity from 84 to 93%, respectively, depending on the
selected scheme for grading of the lesions. Malignant lesions accumulated significantly more FDG than the benign ones (the median
SUVs were 6.8 and 3.3, respectively, P <0.001). However, there was a wide overlap of the FDG uptake values between these two
groups. Hence, the highest accuracy of quantitative analysis in correct identification of tumour recurrence (75% at Receiver Oper-
ating Curve analysis) was inferior to that of visual analysis (89%). FDG PET is feasible for the detection of recurrent head and
neck cancer. Although quantitation of FDG uptake using SUV shows significantly higher tracer concentrations for malignant than
benign lesions, the wide overlap of individual SUVs between these two groups is a serious concern in diagnostic evaluation.
Therefore, in clinical practice it may be preferable to identify the presence of tumour recurrence within this patient group by qua-
litative interpretation of the PET images. © 2000 Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction e.g. inflammation, fibrosis, oedema, or scarring [1].

Under these circumstances it can be difficult to distin-

Treatment of head and neck cancer may cause per-
manent distortion of normal neck anatomy in an
unpredictable way. High-dose irradiation and radical
resection of the primary and loco-regional tumour
deposits may cause a variety of acute and late changes
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guish recurrent disease from post-treatment sequelae.
Whilst radiography, computed tomography (CT), and
magnetic resonance imaging (MRI) provide important
anatomical information, they are rather insensitive in
distinguishing benign post-treatment reactive masses
from viable tumours [2-5]. Since the capacity for func-
tional recovery is diminished in the irradiated tissue,
post-irradiation biopsies should be performed with cau-
tion. Therefore, non-invasive methods for accurate
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assessment of post-treatment masses harbouring risk for
cancer regrowth in the head and neck region would be
of great value.

Positron emission tomography (PET) with fluorine-
18-labelled fluorodeoxyglucose (FDG) has the ability of
imaging metabolic changes that appear to be linked
with malignancy [6]. Detection of primary head and
neck cancer and metastatic cervical lymph nodes with
FDG PET has been successful [7-9], as well as mon-
itoring of the response to chemotherapy [10] and radio-
therapy [11-14]. However, in head and neck imaging the
greatest clinical expectations have been raised in the use
of FDG PET in the post-therapy setting, as shown dur-
ing the last few years [15,16]. These studies have indi-
cated that FDG PET provides additional information
to add to that obtained from conventional morphologi-
cal imaging methods and may have an impact on the
management of patients presenting with a suspected
recurrence of head and neck cancer. Our previous study
has suggested that quantitation of tracer uptake may
enable the differentiation between malignant and benign
lesions in patients with suspected recurrence of head
and neck cancer [17]. However, controversy exists,
whether qualitative analysis of images is relevant for
diagnostic purposes or if quantification of tracer uptake
is necessary in clinical practice [18].

The purpose of the study was to confirm the efficacy
of FDG PET in differential diagnosis between malig-
nant and benign lesions in a relatively large collabora-
tive study consisting of patients previously treated for
head and neck cancer. Specifically, the aim was to eval-
uate whether quantitation of FDG uptake is better than
visual interpretation of the images to differentiate viable
tumour from non-malignant tissue.

2. Patients and methods
2.1. Patients

Patients were enrolled from a population seen at the
Department of Otorhinolaryngology in Turku Uni-
versity Hospital, Turku, Finland or at the Department
of Oncology at Rigshospitalet, Copenhagen University
Hospital, Copenhagen, Denmark. The criterion for
eligibility was clinically suspected (due to a new mass,
intense oedema or fibrosis, increasing pain, delayed
mucosal healing, persistent wound, fistula or chronic
inflammation or neurological signs) but not yet proven
recurrence of head and neck carcinoma during follow-
up after definitive surgical and/or radiation treatment.
In addition to the physical examination and clinical
history, otorhinolaryngological status including indirect
pharyngo- and laryngoscopy, bimanual palpation and
endoscopic examination were performed using either
fibre- and/or rigid scopes when required. Patients were

recruited between November 1994 and August 1997. In
addition, 14 eligible patients reported in a previous
study [17] were included. The degree of suspicion of
recurrence for each of these lesions was graded as either
strong (clinical grade 2) or weak (clinical grade 1) based
on clinical status and patient history by the responsible
clinician. After the PET study, a histological or cytolo-
gical specimen confirming the presence of carcinoma, a
negative biopsy or more than 5 months with no evi-
dence of emerging disease was required for the defini-
tion of disecase status. Each patient gave a written
informed consent, and the study protocol was approved
by the local ethical committees in Turku and Copenhagen.

The patient and tumour characteristics are presented
in Table 1. 56 patients, 16 females and 40 males (mean
age: 61 years; range: 3479 years), underwent PET ima-
ging with FDG, 4 of them twice and 1 patient three
times in consecutive recurrence states. Hence, a total of
62 PET studies were performed. All patients were pre-
viously treated with a curative intent for head and neck
carcinoma. 53 patients had received megavoltage radia-
tion therapy to a total dose of over 60 Gy (range: 62-74
Gy; median: 66 Gy) to the primary tumour area and 1
patient was treated with a total dose of 54 Gy, respec-
tively. In the remaining 2 patients, the exact dose of
external radiation therapy to the primary tumour was
unknown. 50 patients were also irradiated for bilateral
or unilateral cervical nodes (median dose, 50 Gy; range,
32-68 Gy). Before PET, 35 patients had undergone
radical surgery, 27 patients for the primary disease, 6
patients for the primary and a recurrent tumour and 2
patients for a previous recurrence. Cervical lymphade-
nectomy was done in 25 patients. PET imaging of the
currently suspected recurrence was performed more than
8 weeks (median: 7 months; range: 2-253 months) after
completion of previous therapy. The body mass index
(BMI) calculated as weight in kilograms divided by the
square of height in metres varied from 15.2 to 40.2 kg/
m? (median, 23 kg/m?). None of the patients was known
to have diabetes, and all of them fasted for a minimum
of 6 h prior to PET imaging. Serum glucose concentra-
tion was monitored prior to PET study in 50 patients,
and ranged from 3.5 to 7.3 mmol/l (median: 5.5 mmol/l).

2.2. PET study

At Turku PET Center, PET studies were performed
with an eight-ring ECAT 931/08 (Siemens/CTI Corp.,
Knoxville, TN, USA) or General Electric (GE) Advance
scanner (General Electric Medical Systems, Milwaukee,
WI, USA). In Rigshospitalet, GE Advance and GE
4096 scanners were used. Using the previously reported
methods for image reconstruction and scatter correction
the devices have a measured axial and spatial resolution
of 6.7 mm and 6.5 mm (ECAT), 5 mm and 5 mm (GE
Advance) and 6 mm and 6 mm (GE 4096), respectively.
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Table 1
Patient and tumour characteristics

No. of patients (%)

Gender
Male 40 (71)
Female 16 (29)
Nationality
Finnish 46 (82)
Danish 10 (18)
Site of primary tumour
Oral cavity 22 (39)
Pharynx 9 (16)
Larynx 16 (29)
Salivary glands 6 (11)
Unknown primary 3(5)
Primary tumour size
Tl 6 (11)
T2 22 (39)
T3 12 (21)
T4 12 (21)
TX 4(7)
Primary nodal status
NO 33 (59)
NI 9 (16)
N2 11 (20)
N3 24
NX 1(2)
Histology
Squamous cell carcinoma 48 (86)
Adenocarcinoma 2(4)
Adenoid cystic carcinoma 24
Lymphoepithelial carcinoma 1(2)
Transitional cell carcinoma 1(2)
Acinar cell carcinoma 12
Mucoepidermoid carcinoma 1(2)
Grade
Gl 23 (41)
G2 15 (27)
G3 8 (14)
GX 10 (18)
Surgery
Radical tumour resection 35 (63)
Neck dissection
Unilateral 22 (39)
Bilateral 3(5)
No surgery 17 (30)
Radiotherapy
Conventional 36 (64)
Hyperfractionated 17 (30)
Accelerated 3(5

Transmission scanning was performed with a removable
ring or pin source containing germanium-68. A mean
dose of 340 MBq (range: 228-429 MBq) of FDG was
injected intravenously into the cubital vein. Emission
data were obtained as 5-10-min frames beginning 35-60
min after injection. PET imaging was performed using a
one bed position for each patient. All data were cor-
rected for deadtime, decay and photon attenuation.

In Turku, the FDG synthesis was a modification of
the method reported by Hamacher and colleagues [19].
The FDG synthesis in Copenhagen was performed
using the FDG Microlab from General Electric Medical
Systems. The radiochemical purity of FDG was >92%,
the radionuclidic purity >99% and the specific activity
at the end of synthesis was 74 GBq/mmol (>2 Ci/
mmol) [20].

2.3. Methods for PET analysis

2.3.1. Visual analysis

Acquisition data obtained as a 5-min frame between
55 and 60 min postinjection was used for PET analysis.
Hard copies of emission images equipped with colour
scale, as well as the respective transmission images, were
extracted for visual evaluation. Judgement of the scan
readings was made by three investigators with informa-
tion on initial clinical history and site of clinical suspi-
cion but without knowledge about current CT,
histological, surgical or follow-up findings. The visual
analysis was graded as clearly positive (visual grade 2)
when high FDG uptake as a focal hot spot was seen, or
equivocal (visual grade 1) when slightly enhanced accu-
mulation of FDG compared with the expected normal
distribution in the region was detected. Otherwise the
image was interpreted as negative (visual grade 0) for
malignancy.

2.3.2. Standardised uptake values

The same PET frames that were evaluated in visual
analysis were used for quantification of FDG uptake by
using a semi-automated algorithm for defining a region
of interest (ROI) in a tissue with maximum uptake. The
algorithm determines maximum average radioactivity in
a rectangular ROI of predetermined size (5x5 pixel)
within a large investigator-defined ROI comprising the
clinically suspected anatomical area. The average counts
in each ROI were used for further calculations.

Tracer accumulation in the ROIs was reported as the
standardised uptake value (SUV), which is the radio-
activity concentration in a ROI at a fixed time point
divided by the injected dose and the patient’s weight.
In addition, SUVs corrected for the lean body mass
(unless more than the actual weight) were calculated as
SUVieans [21].

2.4. CT imaging

Neck CT corresponding to PET imaging was achieved
in 52 cases (46 patients) on a GE CT Pace system within
a median of 12 days (range: 0-75 days) from the PET
study. Scans were obtained from the base of the skull to
the thoracic inlet at a slice thickness of 5 mm and 5 mm
collimation except for laryngeal carcinomas, which were
scanned at the level of suspected tumour at a slice
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thickness of 3 mm and 3 mm collimation. Intravenous
contrast (Iopromid 300 mg I/ml, Schering, Berlin, Ger-
many) was administered in all studies as bolus injections
of 100120 ml. A similar three-point rating scale as for
visual PET analysis was used for image interpretation.
In CT studies, any abnormal masses with enhancement
or interval soft tissue increases compared with previous
CT scans were considered malignant (CT grade 2),
whereas oedema and soft tissue swelling were inter-
preted as inconclusive for malignancy (CT grade 1).
Lymph nodes were interpreted as malignant (CT grade
2) if CT showed central necrosis or the minimal axial
diameter was greater than 12 mm, and as equivocal (CT
grade 1) if the minimal axial diameter was 8—12 mm and
no necrosis was present. Otherwise the CT scan was
interpreted as negative (CT grade 0) for malignancy.
The scans were interpreted with the same clinical infor-
mation that was available for the visual PET analysis.

2.5. Statistical analysis

The quantitative results between different groups were
compared with Wilcoxon rank sum test for unpaired
data or with Kruskall-Wallis analysis of variance.
Standard receiver-operating characteristics (ROC)
curves were generated for assessment of diagnostic
accuracy. All P values were two-tailed.

3. Results

Sixty-two FDG PET studies in 56 patients were per-
formed because of clinical suspicion of recurrent head
and neck cancer. Recurrent disease was suspected if a
mass was found (n=17), if oedema (n=9) or fibrosis
(n=16) was intense and persistent, if the patient com-
plained about increasing pain (n=6), if mucosal healing
was delayed (n=1), or if persistent wound (n=15), fistula
(n=13) or chronic inflammation (n=2) was present. One
patient presented with a paresis of hypoglossal nerve,
and 2 had trismus. An additional 19 sites in the neck of
15 patients were suspected for disease recurrence, most
of which were presented as fibrosis (fibrosis, n=14, a
mass, n=4, or fistula, n=1). Hence, the diagnostic effi-
cacy of different modalities was compared in a total of
81 lesions. Fine-needle biopsy was obtained in 37 lesions
within a median of 16 days (range: 1-181 days), and
reoperation was performed in 29 cases within a median
of 22 days (range: 1-296 days) after the PET study.
Subsequently, 37 (46%) of the 81 lesions proved to be
malignant, based on histopathological or cytological
tissue evaluation. 3 patients presented with a histologi-
cally confirmed recurrent cancer 6, 7 and 9 months,
respectively, after the PET study. However, these
patients were also included in the statistical analysis as
having recurrent cancer at the time of the study. Forty-

four (54%) suspected regions have not presented with
malignancy, confirmed either by surgery (n=4), by fine-
needle biopsy (n=12), or by follow-up (n=28) over a
median of 15.8 months (range: 5.6-58 months). When
considering only the major suspected region in each
study (n=162), half of the lesions (n=31) have later been
shown to be malignant.

3.1. Clinical evaluation

The clinical suspicion of recurrent disease was defined
as described above. Forty-seven out of the total 81
lesions were graded as 1, indicating weak suspicion, for
which PET imaging was requested to exclude recur-
rence. In 11 of these 47 regions (23%), viable cancer was
later found. For the remaining 34 regions the referring
physician requested a PET study to confirm the strong
clinical suspicion (clinical grade 2) of cancer. In 26 of
these cases (76%) recurrent disease has been found.

3.2. Visual PET analysis

Three observers interpreted the PET images in con-
sensus visually by scoring each of the 81 suspected
regions. Thirty-four areas were judged to be clearly
positive (visual grade 2) for malignancy (Fig. 1), three of
which proved to be false-positives (radiation injury,
n=2, Fig. 2, and inflammatory tissue, n=1). Time
interval between the end of radiation therapy and PET
scanning was 5-8 months in these patients. Eight
regions were difficult to assess clearly positively or
negatively and were considered to be equivocal (visual
grade 1). In histological and/or cytological evaluation,
four of these had malignant, and three benign tissue
(fibrosis, ulceration, and radiation injury, one of each).
The remaining equivocal region has not shown any evi-
dence of cancer during a follow-up of 36 months and is
thus scored as benign. Thirty-nine lesions were inter-
preted as negative (visual grade 0) at qualitative PET
analysis. Two of these were false negatives at surgery,
one was a metastatic lymph node and the other a
necrotic ulcerative recurrence in the subglottic larynx.

Sensitivity for the visual interpretation of PET images
was 40/42; 95% and specificity 35/42; 84%, when clear
and equivocal lesions (visual grade 2 or 1, n=42) were
considered as positive for malignancy. If only lesions
with high uptake (visual grade 2, n=34) were con-
sidered as positive, sensitivity decreased to 84% but
specificity increased to 93%. Positive predictive value
was 91% and negative predictive value 87% when grade
2 lesions were considered. Overall accuracy of qualita-
tive FDG PET in differentiation between malignant and
benign post-treatment lesions was 89%, independent of
whether high (visual grade 2) or high to intermediate
(visual grade 1 and 2) uptake was selected in rating the
lesions as positive.
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Qualitative PET results were evaluated also based on (clinical grade 2) were negative (visual grade 0) at qua-
the strength of clinical suspicion for cancer (Fig. 3). Six litative PET analysis. Four of these were correctly
out of 34 (18%) clinically highly suspicious regions interpreted at PET: three proved to be benign by

Fig. 1. (a) An FDG PET image of a patient with a histologically verified recurrent adenocystic carcinoma of the oral cavity and in the neck pre-
viously treated with radiotherapy (7 years ago) and surgery. High tracer uptake visually scored as grade 2 was found both in the oral cavity (SUV,
3.6) and in the neck (SUV, 5.1). (b) Soft tissue swelling in neck at right (CT grade 1) was detected in a corresponding CT image, but nothing
pathological in the oral cavity.

Fig. 2. (a) An FDG PET image of patient with a history of definitively radiated glottic carcinoma (5 months prior to the PET study) presenting with
intense laryngeal fibrosis. The PET image was visually graded as strongly positive for malignancy (visual grade 2, SUV, 5.7). Histologically, only
fibrosis and radiation injury was found. (b) Diffuse soft tissue enhancement (CT grade 1) was present in a corresponding CT image.
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Clinical Moderate Strong
suspicion (Grade 1) (Grade 2)
for cancer = n=34
PET Low Equivacal High Low Equivocal High
likelinood (Grade 0) (Grade 1) (Grade 2) (Grade 0) (Grade 1) (Grade 2)
for cancer n=33 n=4 n=10 n=6 n=4 n=24
Outcome
(presence No Yes No Yes Yes No Yes No Yes No
of cancer) n=33 n=1 | n=3 n=10 n=2 | n=4 n=38 | n=1 n=21| n=3
Diagnostic 100% 25-75% 100% 67% 25-75% 88%
accuracy of
PET 94-98% overall (n=47) 76-82% overall (n=34)

Fig. 3. Outcome of lesions clinically suspected for recurrence of head and neck cancer.

histology, and 1 patient has had no evidence of disease 6
months since the PET study. Two lesions with a strong
clinical suspicion but negative PET images were histo-
logically malignant and thus, false-negatives at PET (the
two false-negative lesions mentioned above). Forty-
seven regions were analysed visually with PET in a
situation where the clinician ordered a PET study with a
mild suspicion of recurrence (clinical grade 1). PET was
correctly graded as normal (visual grade 0) in 33 and
equivocal (visual grade 1) in three of the 36 lesions
which were later found to be free of disease. Visual PET
was correctly positive in 10 regions that were classified
high (grade 2). One equivocal classification (grade 1)
with only a weak clinical suspicion was positive on his-
tological or cytological verification of viable cancer in
subsequent surgery or biopsy.

3.3. Quantitative PET analysis

FDG uptake was quantitated in all of the 81 clini-
cally suspicious regions. The median SUV of all lesions
was 4.2 (range: 1.5-36.9), and the median SUV,, was
3.9 (range: 1.1-36.9). The SUVs of the malignant
lesions (n=37) ranged from 2.1 to 36.9 (median: 6.8),
and that of the benign lesions (#=44) from 1.5 to 9.3
(median: 3.3; Fig. 4). The difference between these two
groups was statistically significant (P <0.001). The
median SUV.,, of malignant and benign lesions were
6.3 (range: 2.1-36.9) and 3.1 (range: 1.1-9.3), respec-
tively (P<0.001). If only the single most suspected
location in each case was considered, the median SUV
of the malignant lesions was 6.8 (n=31; range: 2.1-
36.9), and that of the benign lesions 3.5 (n=31; range:
2.1-9.3), and this difference was also statistically sig-
nificant (P <0.0003). No correlation between serum
glucose concentration and the false-negative or positive

cases was seen in SUV or visual analyses (data not
shown).

SUVs for the visually false-positive lesions were 9.3,
5.7 and 4.9, respectively. All of these values were within
the two middle quartiles of the SUVs of the malignant
lesions. SUVs for the two false-negative lesions were 2.1
and 5.3, both less than the median SUV of the malig-
nant lesions. Even for experienced investigators, 8 out
of 81 images were visually difficult to interpret as either
malignant or benign. Unfortunately, we did not find
quantitative assessment of FDG uptake very helpful for
the diagnosis of these visually ‘borderline’ cases. In fact,
SUVs of these equivocal lesions were comparable for
both cases which proved to be malignant (range: 2.4 to
4.0, n=4) and benign (range: 2.5-8.8, n=4).

The calculated tracer uptake values were analysed
also with (ROC) curve to obtain the optimal cut-off

20+

15+

101

Tracer uptake (SUV)

CRPCRIOCGOOAD © O @O

Benign (n=44) Malignant (n = 37)

Fig. 4. Tracer uptake in tissues presented as SUVs in malignant
(n=137) and benign (n=44) lesions. One patient with an exceptionally
high SUV 36.9 has been excluded from the graph to enhance compar-
ison of other lesions
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Fig. 5. Receiver-operating characteristic curve (ROC) of quantitative
FDG PET readings (SUV). The respective curve for SUV,, was
almost identical (data not shown). Note the lack of a steep edge in the
upper left corner, indicating the absence of a useful cut-off value for
differentiation between malignant and benign lesions.

value of SUV (or SUVie,) to differentiate between
malignant and benign post-treatment abnormalities
(Fig. 5). In our series, however, we could not demon-
strate a better accuracy with SUV analysis than that
obtained by visual evaluation only. The highest pro-
portion of correct interpretation was 75% at a prob-
ability level where sensitivity was 68% and specificity
was 82%. Thus, the accuracy of quantitative analysis
was inferior to visual analysis, independent of the level
of confidence chosen by the observer.

3.4. Computed tomography

CT was available in 52 cases (46 patients) including 69
of the 81 analysed lesions within the field of view.
Nineteen regions were interpreted as clearly pathologi-
cal (CT grade 2) at CT, and all of them proved to be
malignant at surgery or fine-needle biopsy. The findings
of 32 locations at CT were considered to be benign post-
treatment changes (CT grade 0). In three of them
malignant tissue was later confirmed. Eighteen lesions
could not be definitely judged as either malignant or

Table 2

benign based on the criterion used for this analysis and,
hence, were graded as equivocal (CT grade 1). Ten of
these lesions turned out to be malignant and 8 benign
post-treatment abnormalities. Sensitivity of CT in
detecting malignancy was 29/32; 91% and specificity 29/
37; 78%, if clear and equivocal findings (CT grade 2 and
1; n=37) were considered as malignant (Table 2). Cor-
respondingly, if equivocal lesions were treated as nor-
mal findings and only clearly pathological were
considered as positive (CT grade 0 and 1 versus CT
grade 2; n=19), sensitivity decreased to 59%, but spe-
cificity increased to 100%. For comparison, if diag-
nostic accuracy of qualitative PET analysis was
calculated only for cases where both CT and PET were
performed (n=069), the sensitivities and specificities
would be 97% and 83% (visual grade 0 versus visual
grade 1 and 2), and 84% and 92% (visual grade 0 and 1
versus visual grade 2), respectively (Table 2).

4. Discussion

The feasibility of FDG PET in the identification of
viable tumour tissue in the head and neck area after
treatment was first demonstrated in a patient with
recurrence in irradiated mandible [22]. Soon FDG PET
was shown to have comparable or better sensitivity and
specificity than MRI/CT for detection of loco-regional
recurrences of head and neck cancer. Rege and collea-
gues demonstrated a specificity of 100% and sensitivity
of 90% for PET compared with 59% and 70% for
MRI, respectively, in 18 patients imaged 2.5-192 weeks
after radiation therapy [15]. McGuirt and associates
reported an accuracy of 85% for PET and 42% for CT/
MRI in 13 patients with a history of laryngeal carci-
noma [23]. Wong and coworkers found sensitivities and
specificities of 75% and 80% for CT and/or MRI,
respectively, and those of 100% and 100% for FDG
PET, respectively, in 12 patients at the primary site and
in 13 patients at nodal sites [24]. Anzai and colleagues
evaluated 12 patients with FDG PET and detected 7 of
8 recurrent tumours, and PET was truly negative in 4 of
4 patients, whereas MRI/CT detected only 2 of 8 and
was negative in 3 of 4 patients [25]. In the present study

Comparison of FDG PET and CT for accuracy of detection of head and neck cancer with two schemes for grading of malignancy

Grade 0 and 1 versus 2?2

0 versus 1 and 2°

Sensitivity % Specificity %

Accuracy %

Sensitivity % Specificity % Accuracy %

FDG PET 84 93 88
CT 59 100 81

95 84 90
91 78 84

The number of lesions (and studies) where both FDG PET and CT were available were 69 (52, respectively). The slight difference in performance
figures between this table and Results is due to omitting here cases where only PET (but not CT) was available.
4 Lesions with strong suspicion (grade 2) for recurrence are rated as positive for malignancy.
® Lesions with equivocal and strong suspicion (grade 1 and 2) for recurrence are rated as positive for malignancy.



M. Lapela et al. | European Journal of Cancer 36 (2000) 858-867 865

with a larger number of patients, similar results were
demonstrated, thus supporting the clinical utility of
FDG PET in the detection of recurrent head and neck
cancer. This is in accordance with Keyes and associates
who consider FDG PET to be of high accuracy, but
limited usefulness, in primary head and neck cancer, the
post-therapy setting being the single application where
FDG PET appears to be advantageous [26].

We have previously demonstrated that quantification
of tracer accumulation by a simple single scan approach
(SUV) is comparable with a more elaborate kinetic
modelling requiring knowledge of tracer input function
[27]. Controversy exists, however, whether quantifica-
tion of tracer uptake is necessary at all in clinical prac-
tice [18]. We have assumed that quantification of uptake
might assist in correct image interpretation by over-
coming some practical problems such as subjectivity of
visual analysis and interference of physiologically
enhanced tracer uptake sometimes seen in muscle,
mucosa and inflammatory tissue. In the study by
McGuirt and colleagues, tracer uptake by tumour and
non-malignant tissues showed no overlap; the SUVs of
the recurrent tumours ranged from 4.9 to 10.7, and
those of non-recurrent regions from 2.4 to 4.7 [23].
Anzai and colleagues found that the mean SUV (£S.D.)
of recurrent tumours was higher (5.5+1.1) than that of
postsurgery or postradiation changes (2.9+1.1), but
there was one case of overlap [25]. Our preliminary
experience of 17 FDG PET studies in 15 patients indi-
cated that malignant lesions had significantly higher
FDG accumulation than benign ones, but some overlap
between these two groups did exist [17]. In the current
study, we wanted to investigate further whether an
optimal cut-off level for FDG uptake that would differ-
entiate benign and malignant lesions could be found by
studying a sufficiently large patient population. How-
ever, the ROC analysis demonstrated the limited accu-
racy of a quantitative approach and indicated a poor
likelihood for finding a clinically feasible cut-off value
for FDG uptake index if SUV or SUV,, is adapted.
These results are seemingly contrasted by findings in our
previous study [17] but simply reflect the fact that small
sample sizes run a risk of making premature conclu-
sions. Although tracer uptake between recurrent cancer
and benign post-treatment tissue was significantly dif-
ferent, it is evident from the current series that statistical
significance does not always translate to clinical useful-
ness. The highest uptake in a benign lesion (SUV 9.3)
was much higher than 6.8, the median SUV of the
malignant lesions. Likewise, uptake in the three malig-
nant lesions was within the limits of the lowest quartile
of the benign lesions. Indeed, the majority of SUVs as
well as SUV..,s of both groups was overlapped (Fig. 3).
In spite of this, the visual interpretation of PET images
correctly assessed the diagnosis in 68 out of 81 cases.
Only five incorrect judgements were made of which

three were false positives and two false negatives and 8/
81 were visually difficult to interpret. From the SUV
values for these regions quantitative assessment of FDG
uptake was of little diagnostic value. Whilst diagnostic
accuracy in the visual analysis ranged from 88% to 90%
(Table 2) and that of quantitative analysis with SUV
was found to be at its highest at 75% in ROC analysis
we can see little justification for the calculation of SUVs in
clinical practice (data not shown). Hence, the present study
emphasises the fact that visual analysis is not inferior to
quantitative analysis in the correct identification of
post-treatment masses in the head and neck area.

It is acknowledged that quantitative analysis has to be
performed with caution in lesions that are small in
comparison with the spatial resolution of the PET
device. Considering post-treatment malignant and
benign tumours in the head and neck, definition of the
exact size of the lesion can be a complicated task.
Squamous cell carcinoma often has a highly infiltrative
nature and demarcation of these neoplasms as well as
that of benign lesions such as fibrosis and oedema may
be poor in irradiated and operated tissue. Moreover, the
measured uptake of small lesions would be artificially
reduced in both malignant and benign tumours which
appear to manifest themselves at comparable sizes
Although correction for recovery is essential in the
measurement of true radioactivity concentrations in
small objects, it is unlikely that the current observations
of the equal usefulness of qualitative and quantitative
analyses of PET studies would be different even if cor-
rection factors had been used.

In our preliminary study, we suggested that FDG
PET would be most useful in cases where CT is suspi-
cious but PET is negative, or where CT is negative but a
clearly increased focal FDG uptake is seen at PET. In
the current series, CT was rated equivocal or weekly
suspicious in 18 lesions. Out of these cases, visual PET
was correctly positive in 9 out of the 10 malignant
lesions, and correctly negative in 6 out of the 8 benign
lesions. Three malignant lesions were not found in the
CT scan; two of them were clearly visible in FDG PET
and one was equivocal at visual PET analysis. The only
malignant lesion negative at PET analysis where a CT
scan was available was judged as clearly pathological by
CT. Three lesions were false-positives in the PET ana-
lysis; CT scan was correctly negative in one and equi-
vocal in two of these. Thus comparison of the CT and
FDG PET techniques in this series supports their use as
complementary, rather than alternative, imaging methods.

Knowledge of the relative metabolic variations in the
normal structures of the head and neck first reported by
Jabour and colleagues [28] and demonstrated in whole-
body scans by Engel and associates [29] is essential
when abnormal foci of tracer uptake have to be identi-
fied in PET images. The well known drawback of
increased FDG uptake in inflammatory tissue was also
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seen in this series, where inflammation and radiation
injury without neoplastic cells was found in all three
false-positive PET lesions. If a patient presents with
findings suggestive of a chronic inflammation and on
top of that has a recurrence, a series of follow-up PET
scans combined with close clinical observation might be
the approach of choice. It is also strongly recommended
to wait until 2-3 months after radiotherapy before
doing FDG PET for a patient with head and neck can-
cer [30]. This will allow acute tissue reactions within the
tumour area to subside and facilitates the interpretation
of the PET study.

5. Conclusion

In the current study of 56 patients with suspected
recurrence of head and neck cancer, FDG PET was
found to be feasible for the detection of malignancy.
Visual analysis of PET images indicated that FDG PET
is better than CT in correct interpretation of findings.
We did not find quantitation of FDG uptake to add to
the visual analysis in the differential diagnosis between
post-treatment malignant and benign lesions. However,
SUVs may still be used in selected cases where detailed
characteristics on patient or tumour metabolism are
needed, ec.g. if comparison of sequential scans is
desired. FDG PET can be recommended in a clinical
setting when physical examination does not make clear
the nature of patient’s symptom(s) or a suspicious
lesion is found but biopsy is negative. PET may also be
valuable if MRI or CT is inconclusive, and positive
PET can be used to guide diagnostic biopsies and/or
surgery to confirm the recurrence. In contrast, a close
clinical follow-up of patients with negative or inde-
terminate PET but persistent progressive symptoms is
mandatory.
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