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The purpose of this study was to compare optimized whole-body
(WB) and dedicated high-resolution contrast-enhanced PET/CT
protocols and contrast enhanced CT in the preoperative staging
of primary squamous cell carcinoma of the head and neck.
Methods: A total of 44 patients with clinically M0 squamous
cell carcinoma of the head and neck underwent primary tumor re-
section and neck dissection within 6 wk of diagnostic imaging.
Imaging consisted of a standard WB PET/CT protocol without in-
travenous contrast enhancement, followed by a high-resolution
dedicated head and neck (HN) PET/CT protocol, which included
diagnostic-quality contrast-enhanced CT (CECT). Imaging re-
sults were compared with histopathology. A 5-point scale was
used to designate primary tumor localization and the presence
of lymph node metastasis on a per-patient and per-level basis.
For cervical nodes, receiver-operating-characteristic curves were
generated to determine the differences in performance between
the WB and HN PET/CT protocols and CECT. Sensitivity, speci-
ficity, positive and negative predictive values, and accuracy were
calculated for primary tumor and cervical nodes. Results: No sta-
tistical difference was observed between WB and HN PET/CT
protocols, both of which significantly outperformed CECT, in
the evaluation of the primary tumor. The performance of the HN
PET/CT protocol was superior to that of the WB PET/CT in the de-
tection of cervical node metastases, achieving statistical signifi-
cance on a per-level basis and approaching significance on a
per-patient basis, with the greatest advantage in the detection
of small positive lymph nodes (,15 mm). No significant difference

was observed between the WB PET/CT protocol and CECT in
nodal staging, either on a per-patient or on a per-level basis. Con-
clusion: The primary advantage of the dedicated HN PET/CT
protocol over the WB protocol or CECT in the staging of head
and neck cancer is in the detection of small lymph node metasta-
ses.

Key Words: positron emission tomography; computed tomog-
raphy; head and neck cancer; squamous cell carcinoma; tumor
staging

J Nucl Med 2009; 50:1205–1213
DOI: 10.2967/jnumed.109.062075

The radiologic evaluation and staging of primary head
and neck (HN) cancer have traditionally used both CT and
MRI with low to moderate specificity in identifying both the
primary tumor and the nodal involvement (1,2). PET has
become a well-established modality for the staging and
therapeutic assessment of HN tumors (3–9). Several reports
suggest that PET may be more sensitive and specific than
MRI or CT in the nodal staging and characterization of the
primary tumor (10). However, considerable debate remains
as to whether the performance of any imaging modality is
sufficient to supplant surgical or pathologic staging in HN
tumors (10,11).

The development of PET/CT, either with off-line fusion or
with dedicated dual-modality scanners, combines tumoral
metabolic assessment with high-resolution structural and
anatomic information (1,12). PET/CT is of value in charac-
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terizing the primary lesion, in staging nodes, and in identi-
fying distant metastasis, with evidence of an effect in the
management and outcome (13–17).

Acquisition and processing protocols may affect the per-
formance of PET/CT. An increasing number of centers re-
cognize the added value of obtaining a diagnostic-quality CT
scan for PET/CT, and at least 1 previous report demonstrates
better performance for a high-resolution dedicated HN PET
scanner for the evaluation of patients with suspected HN
cancer (18). However, there is no consensus regarding the
best PET/CT protocol for maximizing lesion detectability
and image quality for HN malignancies.

The overall goal of this project was to optimize the
protocol for PET/CT for staging primary HN cancer. The
specific aims of this study were to compare the performance
of a high-resolution dedicated HN PET/CT scan using a
diagnostic-quality contrast-enhanced CT (CECT), an opti-
mized whole-body (WB) PET/CT scan, and a diagnostic-
quality CECT scan in staging clinically M0 squamous cell
carcinoma (SCCA) of the head and neck.

MATERIALS AND METHODS

Patient Population
The study was approved by the institutional review board at the

University of Utah. From a database of patients who underwent
PET/CT between January 2005 and July 2007, the records of 236
consecutive patients referred for PET/CT for HN cancer were re-
viewed. Patients with SCCA of the head and neck (either in a pri-
mary site or in a nodal metastasis) who were considered potential
candidates for curative surgery were identified. Exclusion criteria
included HN malignancies other than SCCA, a delay in surgery
longer than 6 wk from the time of the PET/CT scan, the presence of
known or suspected metastatic disease at the time of diagnosis, and
inability of the patient to undergo both the WB and the HN PET/CT
protocol, which included the intravenous administration of iodin-
ated contrast. Patients were also excluded if they had received
chemotherapy or radiotherapy during the 6 mo before PET/CT or
during the interval between PET/CT and surgery. A total of 44
patients met the inclusion criteria.

PET/CT Protocol
After patients had fasted for 6 h, their serum blood glucose level

was measured and found to be less than 200 mg/dL in all cases. 18F-
FDG (555 MBq [15 mCi]) was injected intravenously 90 min before
the start of the first PET/CT scan. During the uptake interval,
patients rested comfortably in a recliner at 75�F, with head support,
and were encouraged to minimize physical activity, talking, and
chewing.

All patients were imaged on a commercial combined 16-slice
PET/CT scanner (Biograph 16; Siemens). Two sequential image-
acquisition protocols were performed for each patient. At 90 min
after injection, a WB PET/CT acquisition protocol was first per-
formed from the mid-forehead to the mid-thighs. For this exam-
ination, CT was performed using a body-imaging protocol with
diagnostic exposure parameters but without the use of intravenous
iodinated or oral contrast media. For the WB PET/CT protocol,
patients were imaged in the standard PET/CT bed (cradle) using the
built-in head holder, with their arms down at their sides. After the
WB protocol, patients were allowed a 15-min break while the cradle
was changed to a flat bed. Patients were repositioned with their chin
extended and their head taped into position in a head holder, again
with their arms down at their sides. A high-resolution HN PET/CT
acquisition was started at 150 min after an injection of 18F-FDG. The
CT portion of the HN PET/CT protocol was performed according to
a HN soft-tissue protocol, using an intravenous bolus of 100-mL
iohexol (Omnipaque 300; GE Healthcare) iodinated contrast 1 min
before the CT acquisition. Imaging acquisition and processing
parameters for the WB and HN PET/CT protocols are shown in
Table 1.

Surgery and Histopathology
All 44 patients underwent primary tumor resection and unilat-

eral or bilateral neck dissection (with en bloc removal of lymph
nodes) with curative intent within 6 wk of the PET/CT scans. One
of 3 head and neck surgeons at the University of Utah Huntsman
Cancer Hospital performed each surgery. The gold standard for the
presence or absence of tumor was histopathology, confirmed by
light microscopy of frozen or formalin-fixed sections.

Image Interpretation
CT and PET/CT images were evaluated on a commercially

available computer workstation (ViewSonic, eSoft version 4.0;

TABLE 1. Acquisition and Processing Parameters for WB PET/CT and High-Resolution, Contrast-Enhanced HN PET/CT
(Siemens Biograph PET/CT)

Parameter WB PET/CT HN PET/CT

Technique CT kVp, 120; mA, 240 kVp, 120; mA, 200

CT collimation (mm) 1.5 0.75
Bed time (min) 6 12

Matrix (PET image) 168 256, with 1.5 zoom

Pixel size (mm) 4.16 1.82

Filter FWHM (mm) 5 (7 if .78.75 kg) 2.0
Iteration 4 6

Subset 8 14

Intravenous contrast No Yes

Interval from injection (min) 90 150
Bed Cradle Flat

Head position In head holder In head holder (chin up)

FWHM 5 full width at half maximum.
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Siemens). The radiologists, without knowledge of the clinical data
(including the site of the primary tumor), surgical or pathologic
results, or previous imaging studies, independently reviewed the
high-resolution CECT and the WB and HN PET/CT scans.

The primary tumor was evaluated by size, metabolic activity, and
evidence for infiltration into adjacent structures. Metabolic activity
was defined by a maximum standardized uptake value (SUVmax)
and was corrected for body weight. A 5-point scale (1, definitely
benign; 2, probably benign; 3, equivocal; 4, probably malignant; and
5, definitely malignant) was first used to designate primary tumor
identification and infiltration into adjacent structures. A positive
examination was defined as a score of 3–5, and a negative exam-
ination was defined as a score of 1–2.

The CECT scans were read independently of the WB and HN
PET/CT scans. In interpreting the CT scans, an overall receiver-
operating-characteristic (ROC) score (1–5) was applied, as above.
In addition, individual CT criteria were evaluated independently.
One criterion was nodal size. Nodes were considered enlarged if
they were greater than 10 mm in maximum short-axis diameter, ex-
cept for retrophagyngeal nodes (enlarged if .8 mm) and jugulo-
digastric nodes (enlarged if .15 mm). Other criteria independently
scored as suspected malignancy, regardless of nodal size, included
the enhancement of lymph nodes by intravenous iodinated contrast
(visually appreciable attenuation greater than adjacent muscle), the
presence of necrosis, the absence of a normal fatty hila, a rounded
(rather than oval) configuration (except for jugulodigastric nodes),
indistinct nodal capsular margins, and asymmetry in size or number.
If no enlarged or otherwise suspicious nodes were identified in a
given level by CT, an ROC value of 1 (definitely normal) was
assigned to that level.

By PET/CT criteria, lymph nodes considered suggestive of
malignancy demonstrated visually appreciable metabolic activity
above that of normal muscle or asymmetric metabolic activity
greater than that of normal-appearing lymph nodes in the same level
in the contralateral neck. For each lymph node level, an ROC score
was assigned that represented the score of the most metabolically
active node within that level. The SUVmax and size of that node
were recorded. For nodal levels in which no metabolically active
nodes were present or in which all nodes were less than 4 mm in
diameter, a score of 1 (definitely abnormal) was assigned for those
levels.

In addition to nodal scores on a per-level basis, a per-patient score
for nodal metastases was defined for both PET/CT protocols and for
CECT based on the highest single score for a nodal level for each
patient. Discordant scores between the 2 radiologists were reviewed
jointly and resolved by consensus.

Statistical Analysis
For the identification of the primary tumor, x2 analysis was used

to compare the performance of the WB and HN PET/CT protocols
with that of the CECT protocol. A true-positive result was defined as
correctly identifying the primary site of the tumor. A false-positive
finding was defined as significantly misidentifying the site of the
tumor or identifying a tumor at a site in which none was subse-
quently found. A P value of less than 0.05 was defined as repre-
senting a statistically significant difference.

For nodal disease, ROC curves were generated to determine the
differences in performance between the HN and WB PET/CT and
the CECT protocols as defined by the 5-point scale, both on a per-
level basis and on a per-patient basis. Nodal levels for which patho-
logic correlation was available were analyzed. Comparison of the

areas under the curve was made between the modalities using
z statistics. A statistically significant difference between modalities
was defined as a P value of less than 0.05. Sensitivity, specificity, and
positive and negative predictive values were also calculated, with a
positive score defined as an ROC score of 3, 4, or 5 and a negative
score as 1 or 2.

RESULTS

A total of 44 patients met the inclusion criteria. The median
interval between PET/CT and surgery was 19 d (range, 1–
42 d). The median patient age was 65 y (range, 26–97 y). The
patients included 35 men (80%) and 9 women (20%).

Primary Tumor

Among the 44 patients with SCCA, 34 were newly diag-
nosed and 10 had recurrence of a previously treated tumor
(with no preceding treatment for at least 6 mo). In 38 of 44
patients (86%), a histologically proven primary site of SCCA
was observed. Six of 44 patients (14%) presented with SCCA
in enlarged lymph nodes without an identifiable primary
tumor, despite rigorous panendoscopy. None of the imaging
modalities (CT, WB PET/CT, or HN PET/CT) was successful
in identifying an occult primary tumor in these 6 patients. The
most frequent region for the primary tumor was the orophar-
ynx (29 patients; 66%), as shown in Table 2. A comparison of
the different imaging modalities for detecting the primary
tumor is summarized in Table 3.

Beam-hardening artifacts induced by dental amalgam
prevented the CECT identification of the primary tumor in
14 of the 38 patients (37%) who had a histologically proven
primary tumor site. The primary tumor was correctly identified
by CECT in 27 patients (71%). In 2 patients (5%), CECT
suggested a primary tumor site that failed to be confirmed
by histopathology. The sensitivity, specificity, accuracy, and
positive and negative predictive values of contrast-enhanced
CECT for the primary tumor were 71%, 67%, 70%, 93%, and
27%, respectively.

The WB PET/CT protocol correctly identified the site of
the primary tumor in 35 of 38 patients (92%). In the 3 cases
(8%) in which the primary tumor was not identified by the
WB PET/CT protocol, the primary tumors were small (an in
situ tumor, a skin tumor, and a 10-mm tumor). The HN PET/
CT protocol correctly identified the primary tumor site in 36
patients (95%) and failed to identify the primary tumor in 2
patients (5%). The 2 primary tumors not identified by the HN
PET/CT protocol were a small skin primary and an in situ
tumor. The HN PET/CT protocol also misidentified a site of

TABLE 2. Distribution of Primary Tumor Location

Primary tumor sites Number of patients Total (%)

Oropharyngeal 29 66

Hypopharyngeal 1 2

Laryngeal 4 9
Skin 4 9

Unknown primary site 6 14

Total 44 100
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periodontal disease as representing a possible primary tumor
in 1 patient (Fig. 1). The sensitivity, specificity, accuracy, and
positive and negative predictive values of the WB PET/CT
protocol for identifying the primary tumor were 92%, 100%,
93%, 100%, and 67%, respectively, and they were 95%, 83%,
93%, 97%, and 71%, respectively, for the HN PET/CT
protocol. There was no statistical difference in the detection
of the primary tumor between WB and HN protocols;
however, both the WB and HN protocols demonstrated
significantly better performance than did CECT (Table 3)
in identifying the primary site of the tumor (P 5 0.0357 and
P 5 0.0125, respectively).

Histologic analysis of the surgical specimen demon-
strated peritumoral infiltration in 31 of 38 of the primary
tumors (82%). Of these 31, peritumoral infiltration was
correctly identified in 21 of 31 cases (68%) by both the
CECT and the WB PET/CT protocols and in 22 of 31 cases
(71%) by the HN PET/CT protocol. A score of 5 (definitely
abnormal) was assigned to 17 of 22 cases (77%) of
peritumoral infiltration by the HN PET/CT protocol but
only 14 of 21 (67%) by the WB PET/CT protocol. For
identifying peritumoral infiltration of the primary tumor,
the sensitivity, specificity, and positive and negative pre-
dictive values were 68%, 71%, 91%, and 33%, respectively,
for the WB PET/CT protocol and 71%, 57%, 88%, and
31%, respectively, for the HN PET/CT protocol. These
differences were not statistically significant.

The median SUVmax for the primary tumor was 13 (mean,
13; range, 3.70–30.6) by the WB PET/CT protocol and 14.7
(mean, 16.5; range, 5.30–47.3) by the HN PET/CT protocol.
In 36 primary tumors, SUVmax was measured by both PET/
CT protocols. In all cases, the WB PET/CT protocol was

performed before the HN PET/CT protocol. In 32 of 36 cases
(89%), the SUVmax for the primary tumor increased signif-
icantly (P 5 0.0119) between the WB PET/CT protocol
(performed at 90 min after injection) and the HN PET/CT
protocol (performed at 150 min). As shown in Figure 2, between
the WB and the HN PET/CT protocols, 24 cases (67%) showed
an increase in SUVmax by more than 20%, 7 cases (19%)
showed an increase of 10%220%, 1 (3%) showed an increase
of less than 10%, and 4 (11%) showed a decrease in SUVmax.

Lymph Node Metastasis

On a per-patient basis, lymph node metastases were
identified histopathologically in 24 of 44 patients (55%); 20
of 44 patients (45%) had no nodal disease. The median
number of lymph nodes analyzed histopathologically per
level was 9 (mean, 11.68; range, 1–47). A total of 186
levels were evaluated histopathologically. Of these, 139
levels were tumor-free, and 47 levels were positive for
tumor nodal involvement (prevalence, 25% on a per-level
basis). The distribution of metastatic disease was similar
among all nodal levels.

On a per-level basis, the sensitivity, specificity, accuracy,
and positive and negative predictive values for the detection
of nodal metastasis were 70%, 82%, 79%, 57%, and 89%,
respectively, for the WB PET/CT protocol; 91%, 71%, 76%,
51%, and 96%, respectively, for the HN PET/CT protocol;
and 57%, 88%, 81%, 63%, and 86%, respectively, for the
CECT protocol. Various CECT parameters were also indi-
vidually evaluated in the identification of nodal tumor
involvement and are shown in Table 4. The finding of
heterogeneous enhancement was found to be the most accu-
rate feature by CECT in identifying nodal involvement, with
a sensitivity, specificity, accuracy, and positive and negative

TABLE 3. Detection of Primary Tumor by CECT, WB, and HN Protocols

Imaging study Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)

CECT 71 67 70 93 27
WB PET/CT protocol* 92 100 93 100 67

HN PET/CT protocoly 95 83 93 97 71

*P 5 0.0357, when compared with CECT.
yP 5 0.0125, when compared with CECT.

FIGURE 1. Site of infection
or inflammation may mimic
primary tumor by PET/CT.
HN PET/CT shows false-
positive lesion due to peri-
dontal abscess (solid arrow).
Primary tumor was actually
small skin lesion that was
missed by all imaging mo-
dalities.

FIGURE 2. Change in
SUVmax from WB to HN
protocol for primary tumor.
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predictive values for detection of nodal metastasis on a per-
level basis of 63%, 96%, 83%, 84%, and 89%.

By ROC analysis, the HN PET/CT protocol was superior
to the WB PET/CT (P 5 0.002) in the detection of nodal
metastases on a per-level basis. On a per-patient basis, the HN
PET/CT protocol showed a slightly better performance than
did the WB PET/CT protocol, approaching significance (P 5

0.059). There was no significant difference between the WB
PET/CT protocol and the CECT protocol in the detection of
nodal metastasis, either on a per-level (P 5 0.10) or on a per-
patient (P 5 0.81) basis. The HN PET/CT protocol was
significantly superior to CECT in the detection of nodal metas-
tases on a per-level basis (P , 0.001) but not on a per-patient
basis (P5 0.15). The ROC curves are shown in Figure 3, and the
statistical analysis of these curves is summarized in Table 5.

Metabolic activity (SUVmax) was compared in positive
and negative nodes for both the WB and the HN PET/CT
protocols (Fig. 4). By the WB PET/CT protocol, the median
SUVmax for positive nodes was 6.8 (mean, 9.1; range, 1.3–
24.0), and the median SUVmax for negative nodes was 2.0
(mean, 2.8; range, 0.6–6.5). By the WB PET/CT protocol, no
negative nodes with an SUVmax greater than 6.5 were seen.
However, 18 of 35 (51%) positive nodes had metabolic

activity that fell within the range of negative nodes. By the
HN PET/CT protocol, the median SUVmax for positive
nodes was 8.1 (mean, 10.45; range, 1.1–31.0), and the
median SUVmax for negative nodes was 2.6 (mean, 3.0;
range, 0.4–9.6). By the HN PET/CT protocol, no negative
nodes demonstrated an SUVmax greater than 9.6. However,
29 of 44 (66%) positive nodes had SUVmax within the range
of the negative nodes. An example of increased metabolic
activity in both positive and negative nodes is illustrated in
Figure 5. There was no significant difference in SUVmax in
normal soft tissues, such as muscle or fat, between the HN
and WB protocols.

For 82 lymph nodes, nodal SUVmax were measured at the
same levels by both PET/CT protocols; 32 were histologi-
cally positive for tumor, and 50 were negative. The SUVmax
for all nodes, both positive and negative, increased signifi-
cantly (P 5 0.007) from the WB PET/CT protocol (scan
performed at 90 min after injection) to the HN PET/CT pro-
tocol (scan performed at 150 min after injection) (Fig. 6).
However, there was no statistical difference in the change in
SUVmax between the WB and the HN PET/CT protocols
between positive and negative nodes (Table 6).

All of the tumor-containing lymph nodes in levels that
proved falsely negative by PET/CT were small. The WB
PET/CT protocol failed to identify 12 of 47 small positive
lymph node levels where all false-negative nodes were less
than 15 mm in short-axis diameter, and the HN PET/CT
protocol failed to identify 3 of 47 positive lymph node levels
where all of the false-negative nodes were less than 13 mm in
short-axis diameter by histology. Representative PET/CT
scans showing differences in the detection of small nodes
between the WB and the HN PET/CT protocols are shown in
Figure 7. There was no notation made, on the basis of the
histologic reports, as to the degree to which the nodes were
replaced by tumor.

Distant Metastases

Both the WB and the HN PET/CT protocols identified
distant metastases in 1 of 44 patients. In this single patient,
mediastinal nodal metastases were present. Three additional

TABLE 4. Detection of Nodal Metastases per Level by CECT Parameters

CECT feature Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Size (enlarged) 63 89 66 88 79
Shape (round) 83 66 45 92 73

Contrast enhancement (any) 83 68 47 92 74

Heterogeneous enhancement 63 96 84 89 83
Absence of fatty hilum 97 21 29 95 51

Necrosis 53 98 90 86 81

Extracapsular spread 43 98 88 84 77

Asymmetry 100 21 30 100 52
Overall CT appearance 57 88 63 86 81

Total number of nodal levels evaluated by CECT alone was 77. Prevalence of malignant nodal levels was 25.27%. PPV 5 positive
predictive value; NPV 5 negative predictive value.

FIGURE 3. ROC analyses of CECT, WB PET/CT, and HN
PET/CT protocols in detection of nodal metastases by level
and by patient. Dotted line = CECT; dashed line = WB; solid
line = HN.
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primary tumors, none clinically suspected, were detected by
WB PET/CT among the 44 patients in this series. These in-
cluded an adenocarcinoma of the colon, an inguinal lymph
node melanoma metastasis, and lymphoma in axillary and
inguinal lymph nodes.

DISCUSSION

There is no consensus regarding the best imaging approach
for staging HN cancer. Reports of the performance of PET
and PET/CT for staging HN cancer vary, with sensitivities
from 70% to 100% and specificities from 78% to 100%
(17,18). Even greater variability exists in the reported per-
formance of conventional imaging modalities (CTand MRI),
with sensitivities ranging from 36% to 95% and specificities
from 58% to 97% (18,19). Ultrasound shows early promise

for staging nodal disease, particularly when combined with
fine-needle aspirate (20). Both technical factors and profes-
sional experience may contribute to performance variability
among HN staging imaging modalities.

Yamamoto et al. report an improvement in small phantom
lesion detection but not a statistically significant improve-
ment in clinical lesion detection with a high-resolution,
dedicated HN PET/CT protocol over a conventional PET/
CT protocol for nodal staging of HN cancer (18). The current
study differs from that report in that all the current patients
were clinically selected as being potentially resectable for
cure (M0), had SCCA of the head and neck, and had
histopathologic correlation within a short interval after the
PET/CT scan. The current HN PET/CT protocol uses higher-
resolution acquisition and processing parameters, and com-
parison is made to a dedicated, diagnostic-quality CECT of
the head and neck. Studies have shown progressive tumor
18F-FDG uptake at intervals up to 3 h after injection (21–24).
For the current study, 6-min bed positions were used for the
WB PET/CT protocol, performed at 90 min after injection.
The HN PET/CT protocol was performed at 150 min after
injection and used 12-min bed positions. Thus, every attempt
was made to optimize all imaging protocols.

FIGURE 4. SUVmax in WB and HN protocols for positive
and negative nodes. Dotted black line is placed just above
highest SUVmax for negative nodes. Red line shows median
of SUVmax for each group.

TABLE 5. ROC Analysis for Detection of Nodal Metastases by CECT, WB PET/CT, and HN PET/CT Protocols

Parameter By level By patient

Area under the curve
CECT 0.722 0.863

WB protocol 0.790 0.850

HN protocol 0.896 0.936
95% confidence interval

CECT 0.623–0.820 0.741–0.984

WB protocol 0.699–0.881 0.730–0.970

HN protocol 0.836–0.956 0.860–1.000
Comparison of CT vs. WB PET/CT

Difference between areas 0.069 0.0125

Significance level P 5 0.099 P 5 0.0811

Comparison of CT vs. HN PET/CT
Difference between areas 0.174 0.074

Significance level P , 0.001 P 5 0.152

Comparison of WB vs HN PET/CT

Difference between areas 0.106 0.086
Significance level P , 0.002 P 5 0.059

FIGURE 5. PET/CT had
difficulty in distinguishing
reactive from malignant
nodes. HN PET/CT protocol
showsprimary tumor (curved
arrow), true-positive left
level II node (open arrow),
and false-positive right
level II node (solid arrow).
Both lymph nodes were
similar in metabolic activity.
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Metallic beam-hardening artifacts produced by dental
amalgam limited the CECT evaluation of the oral cavity
and oral pharynx in 61% of patients. This limitation of the
CECT protocol most likely contributed to the significantly
better performance of both WB and HN PET/CT protocols
when compared with CECT for identifying the primary
tumor. These results are consistent with other reports (25).
However, no difference in performance was found between
WB and HN PET/CT protocols for identifying primary
head and neck tumors. Tiny, in situ and skin primary lesions
constituted false-negatives by both the HN and the WB
PET/CT scan protocols. The HN PET/CT protocol errone-
ously identified a site of periodontal disease as representing
a possible site of primary tumor.

There is debate regarding the value of PET or PET/CT
in identifying the site of an occult HN primary cancer.
Sensitivities of comparable reports range from 15% to 73%
(13,26–28). None of the imaging modalities in the current
series identified the occult primary in the 6 patients who
presented with nodal metastasis but no known primary
tumor.

For nodal staging of the neck, the sensitivity and spec-
ificity were 70% and 82% for WB PET/CT, 91% and 71%
for HN PET/CT, and 57% and 88% for CECT. By ROC
analysis, the HN PET/CT protocol demonstrated a signif-
icantly better performance than both the CECT and the WB
PET/CT protocols in the detection of nodal metastases on a
per-level basis (P , 0.001) and a near-significant improve-
ment over WB PET/CT in the detection of nodal disease on
a per-patient basis (P 5 0.059). There was no significant
difference between CECT and WB PET/CT in the detection
of nodal metastases on a per-level (P 5 0.10) or a per-
patient (P 5 0.81) basis or in the detection of nodal
metastases on a per-patient basis (P 5 0.15). Many studies
have shown that PET/CT is superior to CT in the nodal
staging of HN cancer. However, many of these studies
compared PET to the WB CT scan obtained at the time of
the PET scan and not to a dedicated CECT of the head and
neck, possibly accounting for the relatively better perfor-
mance of CECT in the current report.

Others have shown a progressive rise in SUVmax over
time, whereas metabolic activity within inflammatory lesions
may plateau or drop (21–24). In the current study, however,
neither magnitude of SUVmax nor an increase in SUVmax
over time could reliably distinguish benign versus malignant
lymph nodes by either the standard WB or the high-resolution
HN PET/CT protocols. Metabolic activity (SUVmax) was
significantly higher in positive than in negative nodes. No
benign nodes were identified with an SUVmax greater than
9.6 for the HN protocol or greater than 6.5 for the WB
protocol. However, 51% of all malignant nodes for the WB
PET/CT protocol and 66% for the HN PET/CT protocol fell
within the SUVmax range for benign nodes. A progressive
increase in metabolic activity in both malignant and reactive
nodes over time may have contributed to both the improved
sensitivity and the slight reduction in specificity of the HN
PET/CT protocol, when compared with the WB protocol.
However, it could be argued that the identification of abnor-
mal nodes on PET/CT, whether reactive or malignant, defines
a vulnerable lymphatic region that must be addressed, either
therapeutically or surgically.

Small lymph nodes accounted for most false-negative
nodes by both the WB and the HN PET/CT protocol. In this
regard, the higher-resolution HN PET/CT protocol had a
significant advantage over the WB protocol and detected
4-fold more positive nodes (,15 mm) than did the WB
protocol. The improvement in lesion detection with the HN
PET/CT protocol, over the WB PET/CT protocol, could be
attributed to a longer interval from injection to imaging and
to finer sampling with smaller pixels (1.82 mm for the HN
protocol, which was supported by increasing data density by
application of a 12-min bed position, as opposed to 4.16-mm
pixels for the WB protocol). Smaller pixels reduce the partial-
volume effect that reduces the visual intensity of small objects
in addition to falsely lowering the SUVmax.

All of the patients in this series were clinically staged as
M0 before PET/CT. Only 1 of 44 patients (2%) proved to
have distant metastatic disease (to mediastinal lymph nodes).
This metastatic disease was visible both on the HN PET/CT
protocol (which extends to the carina) and on the WB
protocol. Other published series also report a low incidence
of unsuspected metastatic disease detected by PET/CT in this
population, in the range of 7%215% (11,13).

Although the literature reports that PET/CT often alters
management in 30%235% of patients with HN cancer

FIGURE 6. Change in SUVmax from WB PET/CT protocol
(90 min after injection) to HN PET/CT protocol (150 min after
injection) for positive and negative nodes.

TABLE 6. Change in SUVmax from WB to HN Protocol
for Positive and Negative Nodes

Change in SUVmax Positive node* Negative node*

Increase $ 10% 23 (71.87) 42 (84.00)

Increase 0%210% 3 (09.38) 5 (10.00)
Decrease 6 (18.75) 3 (06.00)

Number of nodes 32 (100.00) 50 (100.00)

*Data are number of nodes, with percentages in parentheses.
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(13,16), the change in management is often due to inci-
dental findings unrelated to the primary HN tumor. In the
current study, synchronous unsuspected primary tumors
were identified in 7% (3 of 44 patients), which is similar to
the reported rate of 4%28% (11,13,29). These tumors
included a colon cancer, a lymphoma, and metastatic
melanoma. Although significant, these were, nonetheless,
incidental findings.

CONCLUSION

Both WB and HN PET/CT outperform CECT in the
identification of the primary HN tumor. The WB PET/CT
protocol offers no significant advantage over a highly ded-
icated, high-quality CECT alone in the detection of nodal
metastasis, either on a per-level or on a per-patient basis. The

HN PET/CT protocol demonstrates a significantly better
performance than both the CECT and the WB PET/CT pro-
tocols in detecting nodal metastases on a per-level basis and a
near-significant improvement over WB PET/CT on a per-
patient basis. The primary advantage of the HN PET/CT
protocol over the WB PET/CT protocol is in the detection of
small (,15 mm) nodal metastasis, in which a 4-fold increase
in nodal detection is found by the HN versus the WB PET/CT
protocol.
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FIGURE 7. Three examples in which HN PET/CT protocol (upper panel) detected small (,15 mm) histologically proven positive
lymph nodes that were missed by standard WB protocol (lower panel). Arrows indicate discordant nodes.
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