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Objective
To evaluate the value of "®fluorodeoxyglucose (FDG) positron
emission tomography (PET) in primary head and neck cancer.

Background Data

Head and neck carcinomas tend to metastasize to regional
lymph nodes rather than to spread hematogenously. With
nodal metastases, cure rates decrease by approximately
50%. Moreover, in approximately 3% of the patients, a sec-
ond primary tumor is found at initial presentation.

Methods

Fifty-four consecutive patients (31 men and 23 women; mean
age 60 years, range 34-81 years) with previously untreated
squamous cell carcinomas of the oral cavity or oropharynx
were studied. Before surgery and within a period of 3 weeks,
clinical examination, chest x-ray, computed tomography (CT),
ultrasonography with fine-needle aspiration cytology (US/
FNAC), and FDG-PET were performed. All study results were

scored per neck side and were also classified as 0 (no metas-
tases), 1 (single metastasis), or 2 (multiple metastases).

Results

The sensitivity for the detection of lymph node metastases per
neck side was 96%, 85%, and 64% for FDG-PET, CT, and
US/FNAC, respectively. The specificity was 90%, 86%, and
100% for FDG-PET, CT, and US/FNAC, respectively. In terms
of the classification, FDG-PET showed the best correlation
with the histologic data. Finally, in nine patients (17%), a sec-
ond primary tumor was detected by FDG-PET and confirmed
by histologic evaluation.

Conclusion

Because of the high prevalence of second primary tumors
detected by FDG-PET and the decreased error rate in the
assessment of lymph node involvement compared with CT
and US, FDG-PET should be routinely performed in patients
with primary head and neck cancer.

Head and neck squamous cell carcinomas originating froffihe status of the cervical lymph nodes is an important prog-
the mucous membranes of the upper aerodigestive tract awstic factor. When nodal metastases exist at initial presenta-
count for approximately 5% of all malignant neoplasms. tion or develop subsequently, cure rates decrease by approxi-
These tumors tend to metastasize to regional lymph nodesately 5096** The management of the involved neck is
rather than to spread hematogenously. Distant metastases @@ally surgical in most institutions. When extranodal spread
uncommon in patients who have never had nodal metastasesjiimultiple positive nodes are present in the neck dissection
the neck. The incidence of lymph node metastases depengsecimen, there is a high risk of recurrence in the neck. In these
mainly on the site and size of the primary tumor, ranging fromgjrcymstances, postoperative radiotherapy can reduce the re-
1% for T1 glottic cancers to 80% for nasopharyngeal cafcery rance rate in the neck considerablyowever, patients with
NO lymph node status are the subpopulation who would benefit
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LUMC, Albinusdreef 2, 2300 RC Leiden, The Netherlands. lymph nodes, because an elective neck dissection may be
Accepted for publication May 19, 1999. avoided in these patients.

229



230 Stokkel and Others Ann. Surg.  February 2000

Despite the use of conventional imaging modalities, suctthis time-consuming procedure is not performed in the
as ultrasonography (US), magnetic resonance imaginglinical setting in patients with oral or oropharyngeal cancer
(MRI), and computed tomography (CT), the overall errorin our hospital. Therefore, based on the disappointing re-
rate of assessing the presence or absence of cervical lymhilts described in the literature and the fact that the T stage
node metastases is still 7.528% for both CT and MRI. of these tumors can be assessed by clinical examination,
Therefore, it would be helpful to have a diagnostic tool thatpanendoscopy was not performed in the present study.
gives a better identification of the subpopulation.

One of the causes of poor outcome in patients with

) ... FDG-PET
early-stage head and neck squamous cell carcinoma is the
occurrence of second primary tumors. Most of these All patients were studied after a 6-hour fast. Before the
second tumors appear in the same organ or organ sy®ET studies, plasma glucose levels were measured with a
tems. Slaughter et &lexplained this phenomenon with standard clinical test. At 60 minutes after the intravenous
their “field cancerization” concept. The entire epithelial administration of 185 MBq (5 mCi) ¥ FDG, imaging of
lining, covering the aerodigestive and upper digestivethe head and neck and chest was performed using a dual-
tract, undergoes extensive cytologic changes as a resuiead PET camera (Vertex MCD, ADAC, Milpitas, CA).
of being exposed to repeated insults by the same carcinFwo acquisitions were made in each patient; both involved
ogens and as such is prone to multifocal cancers. Epidea rotation of each detector by 180° with 32 stops at 45
miologic studies have established that second primargeconds per stop. During the interval between the adminis-
tumors appear at a continuing annual rate of approxitration of FDG and acquisition, patients were not allowed to
mately 3%2 depending on geographic and racial circum-speak, move, or chew to avoid artifacts. PET images were
stances. The ultimate incidence of second primary tumorgenerated using iterative reconstruction (OS-ML, 2 itera-
varies from 10% to 40% during 5 yeat#A few of these tions, 8 OS).
tumors are synchronous tumors (those detected within 6
months after the initial tumor), whereas only 2% to 3%C
are detected simultaneously (within 1 month after the
initial tumor) by using panendoscopy*3 CT scans of the cervical region were performed with a

Recent reports have demonstrated the value of usingonventional CT scanner (Phillips SR 8000, Eindhoven,
¥fluorodeoxyglucose (FDG) positron emission tomographyThe Netherlands). Contiguous 3-mm slices were obtained;
(PET) in the assessment of lymph node involvement incontrast enhancement was achieved using 100 mL nonionic
patients with primary head and neck cant&r:® Because contrast material (Ultravist 300, Schering, Berlin, Germany)
of the limited availability of dedicated PET cameras, alter-with a power injector rate of 1.5 mL/sec.
native techniques have been introduced for the detection of
FDG, but data on its use in head and neck cancer ar,
limited.

The aims of the present study were to assess the value of High-resolution US studies (5—-10 MHz, linear array;
imaging FDG using a dual-head PET camera in the evaluHDI-3000, ATL, Woerden, The Netherlands) of the re-
ation of patients with primary head and neck cancer and tgional lymph nodes were performed.
perform a prospective comparison with US, CT, and histol-
ogy in the assessment of lymph node involvement.

T Scanning

Elltrasonography

Analysis of Data

All studies were visually analyzed by experienced ob-

PATIENTS AND METHODS servers. The results were classified as 0 (no metastases), 1
(one metastasis), or 2 (multiple metastatic lymph nodes).
Because the presence of metastatic disease is an indication

We prospectively studied 54 consecutive patients (3Xor a neck dissection (class 0 vs. class 1 and 2), correct
men and 23 women; mean age 60 years, range 34—81 yeaidgntification of the presence or absence of metastatic neck
referred to the Department of Oral and Maxillofacial Sur-disease was chosen for statistical analysis. In addition, be-
gery, University Hospital Utrecht, The Netherlands. All had cause the presence of two or more metastatic lymph nodes
previously untreated squamous cell carcinomas of the oras one of the indications for radiotherapy (class 0 and 1 vs.
cavity or oropharynx. Patients with a history of malignancyclass 2), the classifications of the imaging studies were
were excluded from the study. Before surgery and within aassessed in relation to the pathologic data. With respect to
period of 3 weeks all studies were performed, includingthe identification of the primary tumors, FDG-PET was
clinical examination, chest x-ray, CT scanning, US with compared with CT. Finally, in patients demonstrating addi-
fine-needle aspiration cytology (FNAC) of the head andtional sites of increased uptake, panendoscopy with biopsy
neck, and FDG-PET. Because of the low yield of panen-or CT scanning of the chest was performed to assess the
doscopy (2—3%) for the detection of simultaneous tumorspresence of second primary tumors.

Patients
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Table 1. CHARACTERISTICS OF PATIENTS WITH PRIMARY HEAD AND NECK CANCER
IN WHOM A SIMULTANEOUS PRIMARY TUMOR WAS FOUND BY FDG DUAL-HEAD PET

Number Age Gender Index Tumor* Second Primary Tumor Size (cm)
1 44 F Tongue Thyroid 0.5
2 55 F Floor of mouth Tongue 2.0
3 61 M Gingiva Lung 1.5t
4 56 M Trigonum retromolare Tonsil 2.0
5 74 F Floor of mouth Tongue 1.0
6 70 M Tongue Lung 1.7
7 34 F Floor of mouth Pharynx NA
8 51 F Gingiva Pyriform sinus 1.0
9 69 M Oropharynx Lung 1.5

* Initial presenting tumor.
1 No pathological size available, but size measured in CT.

Sensitivity was calculated by dividing the number of found in the thyroid; this was assumed to be a coincident
true-positive cases by the sum of the number of true-positumor.
tive cases and the number of false-negative cas&9(%). In the 54 patients, 81 neck sides were available for
The specificity was calculated by dividing the number ofevaluation. In 24 of these patients, metastases were found;
true-negative cases by the sum of the number of truel8 patients had unilateral metastases and 6 had bilateral
negative cases and the number of false-positive casewetastases. With respect to the neck sides, the sensitivity,
(X100%). The positive predictive value was calculated byspecificity, accuracy, and predictive values of US with and
dividing the number of true-positive cases by the sum of thevithout FNAC, CT, and FDG-PET are shown in Table 2.
true-positive cases and false-positive case$00%). The The specificity of FDG-PET was influenced by a biopsy in
negative predictive value was calculated by dividing thetwo patients, causing false-positive uptake at that site. With
number of true-negative cases by the sum of the trueknowledge of the preceding biopsies, the specificity would
negative cases and false-negative cased)0%). The ac- have been 94%.
curacy was calculated by dividing the sum of the true- With respect to the classification of metastasis (0, 1, or 2),
positive cases and true-negative cases by the total number BOG-PET demonstrated the best overall correlation with the
cases K100%). We estimated the prevalence with 95%histologic data (88%), followed by US/FNAC (82%), CT
confidence intervals of the detected second primary tumorg78%), and US without FNAC (64%) (Table 3).
In 14 patients, discordant results were found between
FDG-PET and CT. In three patients, FDG PET demon-
RESULTS " . .
strated false-positive uptake (resulting from a preceding
The mean glucose level was 5.2 mmol/L (range 4.2—6.®iopsy in two patients), whereas CT showed a correct cor-
mmol/L). Of the 54 patients, 15 had T1, 21 had T2, 5 hadrelation with pathologic findings. In four patients, CT re-
T3, and 13 had T4 tumor stage. Of these tumors, 26 were inealed a false-positive result, whereas in three patients the
the floor of the mouth, 9 in the tongue, 8 in the gingiva, 4number of metastases were overestimated on CT. In these
in the oropharynx, 3 in the trigonum retromolare, 2 in theseven patients, FDG-PET revealed the correct classification.
tonsil, and 2 in the lip. The mean diameter and the infiltra-Finally, in four patients, FDG-PET demonstrated metastatic
tion depth of these tumors were 2.67 cm (range 0.6—7.0 cnisease that was not demonstrated by CT. Histologic exam-
and 1.0 cm (range 0.1-3.3 cm), respectively. FDG-PETination of the neck dissection specimen showed that one
identified all primary lesions (100%) versus 78% detectedatient was found to have four metastases, whereas three
by CT. All primary tumors missed by CT has a depth of patients had one metastasis. Measurement of these metas-
infiltration of 4 mm or less. tases revealed a mean diameter of 9 mm. Five of seven
In nine patients, an unknown second primary tumor wasnetastases had a diameter less than 10 mm, whereas two
detected by FDG-PET and confirmed by histologic evaluahad a diameter of 15 mm.
tion (Table 1, Fig. 1). The mean size of these second
primary tumors was 1.4 cm (range 0.5-2.0 cm). In eight of
the nine patients, these tumors were localized in the aero[—“SCUSSION
digestive and upper digestive tract, for a yield of 15% (95% The presence of metastatic disease in patients with head
confidence interval 6—24%) for FDG dual-head PET inand neck cancer indicates a high risk of tumor recurrence in
screening the “field of cancerization” for unknown secondthe neck. In addition, the occurrence of second primary
primaries. In one patient, the second primary tumor wagumors is an important cause of poor survival rates in
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Figure 1. Sagittal (A) and coronal (B) slices of an FDG dual-head positron emission tomography study in a
patient with a squamous cell carcinoma of the gingiva, demonstrating increased uptake at that site (small
arrow). Unexpectedly, increased FDG accumulation was also seen in the upper lobe of the right lung (large
arrow). Histologic examination of the biopsy specimen revealed an adenocarcinoma; therefore, this tumor
was classified as an unknown second primary tumor.

patients with early-stage disease. Therefore, an adequaRET, which makes this technique less valuable in the as-
preoperative evaluation of patients with a tumor in this aressessment of T stage. However, in these studies, the blurring
is a necessity. In the present study, using FDG-PET, wef tumor borders was also described in contrast-enhanced
were able to identify an unknown second primary tumor inMRI, because Gd-DTPA tends to migrate in peritumoral
the field of cancerization in 15% (confidence intervalinterstitial tissue. With respect to the identification of pri-
6—-24%) of the patients with a tumor of the oral cavity or mary tumors, FDG-PET may have a role in patients with
oropharynx. FDG-PET demonstrated the highest accuracgervical metastases from an unknown primary tumor. Re-
in identifying metastatic disease when compared with CTcent reports have shown promising results with both FDG-
US, and US/FNAC. To our knowledge, this is the largestPET and FDG/single photon emission computed tomogra-
case series performed evaluating FDG detection with @hy?°~2? Depending on the criteria for patient selection,
dual-head PET camera in head and neck cancer. unknown primary tumors were found in approximately 30%
FDG-PET depicted all primary tumors; CT detected onlyto 80% of the patients.

78% of the tumors. All tumors with a depth of infiltration of ~ Patients with primary head and neck cancer have a high
4 mm or less were missed on CT images. These results aresk for developing a second primary tumor in the “field of
in agreement with the results found in the literatt/ié®
Primary tumors that do not distort tissue planes or invade
contiguous structures may not be detected by CT scanning.
However, in patients with a tumor in the oral cavity, as
described in the present study, there is little or no benefit of
FDG-PET'’s higher detection rate. Clinical assessment by

Table 2. COMPARISON OF FDG
DUAL-HEAD PET AND CONVENTIONAL
IMAGING MODALITIES WITH
HISTOPATHOLOGIC FINDINGS

palpation of the primary tumor alone may be sufficient to us US/FNAC cT FDG PET
stage the local extent of tumor correctly, despite the fact that—

in many patients only the mucosal surface is visible. Be-Sensitivity (%) 82 64 85 96
cause correct T staging is necessary to define the approp —E,\elc('f)'/;'ty %) 22 188 ?S gg
ate surgical approach, the need for more accurate and re V (%) a5 81 91 08

able methods is well recognized in patients with a tumoraccuracy (%) 72 86 86 93
located outside the oral cavity. In this respect, Jabour'ét al
and Laubenbacher et'8ldemonstrated that despite the high US, ultrasonography; FNAC, fine-needle aspiration cytology; PPV, positive pre-

. . . . dicti lue; NPV, ti dicti lue.
detection rate, tumor size is often overestimated on FDG= - "a1% T, negatve predieive vale
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Table 3. COMPARISON OF HISTOPATHOLOGIC CLASSIFICATION OF LYMPH NODES
AND CLASSIFICATION ON IMAGING STUDIES

Histology FDG-PET CT us US/FNAC
Classification 0 1 2 0 1 2 0 1 2 0 1 2
0 57 5 1 55 3 6 40 14 7 61
1 1 12 1 6 4 4 4 10 4 8 8
2 4 19 3 19 3 4 14 6 4 13

US, ultrasonography; FNAC, fine-needle aspiration cytology.
0, no metastases; 1, 1 metastases; 2, multiple metastases. Values are given in percentages.

cancerization.” The histologic criteria for the diagnosis of FDG-PET and CT images. For example, if CT shows an
multicentric neoplasm were originally described by Warrenenlarged and a normal lymph node near each other and
and Gate®” the neoplasms must be clearly malignant, eactpathologic examination shows tumor in the smaller one, it is
neoplasm must be geographically separated and not coulifficult to assess whether the focally increased uptake on
nected by either submucosal or intraepithelial neoplastithe PET images corresponds to the small node (true-posi-
changes, and the second neoplasm must not representtiae) or the enlarged lymph node. In the latter situation, we
metastasis. Because of second primary tumors, survivare dealing not only with a false-positive but also a false-
rates are poor. Five-year survival rates are approximatelpegative result. Nevertheless, compared with the results
48%72*?°and the 5-year survival rate after diagnosis of theobtained with CT (78%), US (64%), and US/FNAC (82%),
second neoplasm is 8% to 23%°2" The reasons for this FDG-PET showed the best correlation (88%) with the
poor survival include the high prevalence of second cancerpathologic examinations by using this classification. More-
in the lung and esophagus, which have extremely pooover, in the cases in which FDG-PET and CT yielded
survival rates, and the often late diagnosis of these secondiscordant results, PET was found to show the correct result
lesions, with resultant advanced disease. In a metaanalysis 11 of 14 patients. In 4 of these 11 patients, FDG PET
of second malignant tumors in head and neck cancer derivetbrrectly depicted metastatic disease missed by CT,
from 25 studies, a mean overall prevalence of 11.4% (rangehereas in 7 patients metastatic disease shown by CT was
5-26%) was found® Most of these tumors are found meta- excluded. These findings demonstrate the value of meta-
chronously (detected-6 months after the primary tumor). bolic imaging compared with anatomic imaging.
Approximately 4% of these second primaries are detected Based on the neck sides, the high sensitivity of 96% in the
within 6 months after the initial tumor as synchronouspresent study is comparable with the results found in the
tumors. The use of panendoscopy in identifying these sediterature with dedicated PET camerds:’ Because of the
ond primaries is still a matter of debate. Because of the lowunderestimation of the number of metastases, as can be seen
yield described in the literature of approximately 2% to 3%in Table 2, the true sensitivity for the identification of
in detecting simultaneous tumors (tumors occurring withinindividual involved lymph nodes is lower. However, with
1 month after the initial primary tumor), this technique is respect to the decision to perform surgery or not, only 1% of
not routinely performed in our hospital in patients with the patients would have been undertreated. In contrast,
tumors in the oral cavity. In the present study, we were abldecause of our high negative predictive value of 98%, we
to identify a second primary tumor in 15% of the patients.recommend that neck dissection should not be performed in
Regarding the lower limit of 6% of the confidence interval, patients if FDG-PET does not show lymph node involve-
we were probably able to identify all simultaneous andment (ie, NO stage). Our negative predictive values of 85%
synchronous tumors as well as some of the metachronowd 91% for US and CT, respectively, demonstrate the
tumors. To confirm the value of FDG-PET in the early necessity for elective neck dissections in patients at risk for
detection of second primary tumors and to assess its valugmph node metastases. Consequently, the patients with NO
with respect to prognosis and survival, however, follow-upclinical status based on examination and CT who will be
studies are required. considered for elective neck dissection are the subpopula-
In the present study, we chose to use a clinical approaction who would benefit most from a better pretreatment
to the assessment of lymph node involvement. The classassessment of regional nodes—and this can be achieved by
fication used was described by Braams éf ahd is based introducing FDG-PET into the diagnostic workup.
on the therapeutic options for no, one, or multiple metasta- A major problem of FDG-PET remains the 90% speci-
ses?> A second rationale for this classification is that with- ficity, which means that patients are being overstaged. In
out image fusion, it is difficult to assess the agreementwo patients, false-positive uptake was caused by a biopsy
between pathologic and nonpathologic lymph nodes orthat had been performed shortly before the FDG-PET study.
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By postponing the biopsy, the specificity would have beent2.
94%, which is comparable to the recent results of Adams et
al.*® Despite the lower overall error rate of FDG-PET com-
pared with CT and US, 6% of the patients would still have
been overtreated. In other words, using FDG-PET as an
indicator for surgery is still controversial.

The availability and cost of dedicated PET scanners may#-

limit the use of FDG-PET. We used a dual-head gamma
camera for coincidence detection. The lower cost of thisg
camera ($500,000) compared with that of dedicated PET
scanners ($1-2 million) and the results achieved in the

present study may encourage more widespread use of FD&-

detection in clinical oncology.
In summary, we assessed the value of FDG detection with

a dual-head PET camera in the preoperative evaluation af;,

patients with primary head and neck cancer. Because of the
high prevalence of second primary tumors obtained with

FDG-PET as well as the decreased error rate in the asses$:

ment of lymph node involvement compared with CT and

US, FDG-PET should be routinely performed in these pa-g.

tients at initial presentation. Moreover, based on the results,
we conclude that FDG detection with a dual-head PET
camera is useful for this indication.

20.
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