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pdate on 18F-Fluorodeoxyglucose/Positron Emission
omography and Positron Emission Tomography/
omputed Tomography Imaging of Squamous
ead and Neck Cancers

usuf Menda, MD, and Michael M. Graham, MD, PhD

This article summarizes the recent literature in 18F-fluorodeoxyglucose/positron emission
tomography (FDG-PET) imaging of head and neck cancers and extends the previous review
in this area by Schöder and Yeung in the July 2004 issue of Seminars in Nuclear Medicine.
Positron emission tomography/computed tomography (PET-CT) imaging is now used
widely but has not been adequately evaluated for head and neck cancer. Its accuracy in
initial staging is better than CT but may be similar to magnetic resonance imaging. It is not
sufficiently accurate in the N0 neck to rule out nodal metastases but may be appropriate if
sentinel node mapping is performed in patients with PET studies showing no nodal disease.
PET imaging is beginning to be used in radiotherapy treatment planning, where it makes a
significant difference by identifying malignant normal size nodes, extent of viable tumor,
and distant disease. PET continues to be useful in carcinoma of unknown primary in
identification of the primary site. Overall success is around 27% after all other modalities
have failed. FDG-PET is being used frequently to assess response to therapy and for
surveillance thereafter. The major controversy is when to image after radiotherapy or
combined chemo-radiotherapy. One month seems to be too early. The ideal time seems to
be 3 to 4 months to avoid both false-positive and false-negative studies. The growing use
of PET-CT studies in head and neck cancer will certainly make a significant difference in the
treatment and outcome in this disease.
Semin Nucl Med 35:214-219 © 2005 Elsevier Inc. All rights reserved.
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n excellent detailed review by Schöder and Yeung on
positron emission tomography (PET) imaging of head

nd neck cancers was published in the July 2004 issue of
eminars in Nuclear Medicine.1 As these authors predicted,
ET-computed tomography (CT) is becoming the standard

maging modality in head and neck cancer and several recent
rticles have demonstrated the advantages of PET-CT over
ET in evaluating patients with head and neck cancer.
ET/CT also is becoming an important tool in radiation treat-
ent planning. Timing of PET after therapy and imaging

riteria to assess response to radiotherapy and combination
hemoradiation still remains a hotly debated issue. This arti-
le summarizes the recent literature in PET in head and neck
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ancers to complement the Head and Neck PET Atlas on
ages 220-252 in this issue of Seminars.

nitial Staging of Squamous
ead and Neck Cancers With
DG-PET

he majority of patients with head and neck cancer present
ith locally and regionally advanced disease with metastatic

pread to cervical lymph nodes. Correct staging of the cervi-
al lymph nodes is critical to determine the necessary extent
f surgery (type of neck dissection, unilateral versus bilateral)
nd for precise delineation of the radiotherapy field. Al-
hough the usefulness of 18F-fluorodeoxyglucose (FDG)-PET
maging is currently well established for recurrent head and
eck cancers, its role in the initial staging of these tumors is

ess certain. FDG-PET appears to be at least as sensitive or

lightly more sensitive than conventional imaging for the
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FDG-PET and PET-CT imaging of squamous head and neck cancers 215
etection of nodal metastases in the initial staging of head
nd neck cancers. Schöder and Yeung1 reported an average
ensitivity and specificity range of 87% to 90% and 80% to
3% for FDG-PET compared with 61% to 97% and 21% to
00% for CT/MRI in detection of nodal metastases, respec-
ively. However, the impact on outcome of improved accu-
acy of PET in pretherapy staging of cervical nodes is not well
stablished. A recent study performed on 102 patients with
uccal mucosa squamous cell cancer (a relatively rare head
nd neck cancer in the western world) did not demonstrate a
ignificant improvement in locoregional control of disease in
atients who were staged with PET despite a higher accuracy
f PET in detection of nodal metastasis compared with con-
entional imaging. It also should be noted that with recent
dvancements in technology, magnetic resonance imaging
MRI) may equal or potentially surpass the accuracy of PET in
nitial local staging of head and neck cancers. In a recent
rticle by Dammann and coworkers, 2 which prospectively
ompared FDG-PET, CT, and MRI in the initial staging of 64
atients, the sensitivity and specificity of MRI in detection of
odal metastasis was reported as 93% and 95%, respectively,
ompared with 85% and 98% for FDG-PET. In view of its
igher sensitivity and optimum anatomic information, the
uthors of this report recommended MRI as the initial imag-
ng modality for head and neck cancers.

The anatomic information with PET is markedly improved
ith the use of combined PET-CT systems. PET-CT is almost

ertainly more accurate than PET alone, although few studies
ave yet been published comparing PET-CT with other mo-
alities. In a recent pilot study, Syed and coworkers3 used
ET-CT to study 24 patients with head and neck cancer
efore their treatment. PET-CT downstaged the disease and
hanged the management in 17% of patients, compared with
ET alone, by correctly assigning areas of increased uptake to
at or muscle tissue. PET-CT also significantly improved the
onfidence in anatomic localization and the interobserver
greement in assigning lesions to specific anatomical territo-
ies.3 PET-CT, MRI, and multi-slice CT are all changing rap-
dly and improving. It is not clear which is currently the most

able 1 Recent Studies Evaluating the Detection Rate of Dista

Author Year Initial Stage
D

eknos9 2001 12 pts with stage III or IV

chwartz10 2003 5 pts with stage II, 28 with
stage III or IV

oerres11 2003 7 pts with stage I or II, 27 pts
with stage III or IV

igg12 2003 Not reported; 58 pts
pretherapy evaluation or
suspected recurrence
ccurate, although the combination of metabolic imaging i
ith PET combined with high-resolution CT is likely to be
he most powerful technique.

Patients with head and neck cancer and a clinically nega-
ive neck (N0 neck) pose another management dilemma to
he treating surgeon. Approximately 25% to 30% of these
atients are found to have metastatic neck nodes at surgery.
his finding means that the majority of patients with N0
ecks, who undergo a neck dissection, are unlikely to have a
herapeutic effect from this procedure. Several studies have
valuated FDG-PET in this setting, attempting to identify the
atients who need radical neck dissection. In 3 studies total-

ng 48 patients, in which a sentinel node biopsy with immu-
ohistochemistry was used as gold standard, the detection
ate of PET was between 0% and 30%, making PET an unre-
iable modality in this clinical setting.4-6 This is not unex-
ected, given that 40% of cervical nodal metastases are less
han 1 cm in size and PET detection rate for nodes less than 1
m is reported at 71%.7 Kovacs and coworkers,8 in a recent
eport, have proposed to use FDG-PET to identify patients
ho should undergo sentinel node biopsy versus elective
ode dissection. Given the high specificity of PET in the
retherapy setting, they suggest patients with a positive PET
can undergo a neck dissection whereas a sentinel node bi-
psy should be performed in patients with a negative PET
can. In their population of 62 patients with head and neck
ancer, this algorithm spared unnecessary neck dissections
n 12 neck sides with false-positive CT findings and a nega-
ive sentinel node biopsy.

Certainly the main advantage of FDG-PET over conven-
ional imaging in pretherapy staging of head and neck cancer
s its ability to detect contralateral disease and distant syn-
hronous and/or metastatic disease in the chest and abdomen
Table 1).9-12 A PET scan, as part of the initial staging, is most
elpful in patients with advanced local disease (stage III or
V) who have 10% or greater risk of having distant disease.

adiotherapy Planning
ET-CT with FDG is highly accurate in preradiotherapy stag-

ease With FDG-PET in Patients With Head and Neck Cancer

tion of
t Sites

ease

False
Positive
Cases Comments

/12 None 2 mediastinal lesions only
detected with PET

/33 1/33 2 mediastinal and 1 bone lesion
only detected with PET; 4 liver
lesions confirmed with CT
after positive PET

/34 1/34 Management change in 15%
patients based on PET

/58 1/58 Management change in 5%
patients based on PET
nt Dis

Detec
istan
Dis

3

7

7

7

ng of head and neck cancer, with a reported sensitivity of
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216 Y. Menda and M.M. Graham
6% and specificity of 98.5% in nodal level staging.13 FDG
ptake in tumors is also a prognostic indicator, with tumors
ith high FDG uptake reported to have a high recurrence rate

nd poor prognosis.14 These tumors may therefore require
ultimodality treatment and may benefit from high-dose ra-
iation such as obtained with intensity-modulated radiother-
py (IMRT).

FDG-PET data can be used in radiation treatment planning
y importing the PET data into the treatment planning com-
uter and coregistering with the treatment planning CT scan.
or precise coregistration, the same immobilization head
ask should be used for the planning CT and the PET or

ET-CT scan. In a pilot study by Ciernik and coworkers,15

he coregistration of PET-CT with the planning CT images
as highly successful with average deviations of 1.2 � 0.8
m in the x axis, 1.5 � 1.2 mm in the y axis and 2.1 � 1.1
m in the z axis. In the clinical setting, Paulino and cowork-

rs16 have been able to consistently obtain a coregistration
rror of less than 5 mm. The target volumes (gross tumor
olume [GTV]) may be significantly modified when FDG-
ET data are incorporated into radiation treatment planning.
he target volume may be increased because metabolically
ctive tumor can be detected in normal sized nodes. On the
ther hand, the PET-based GTV is smaller than CT-based
TV in some patients, because the tumor may be partially
ecrotic. The radiation dose and volume are modified dra-
atically, from a curative intent to palliation, if distant me-

astases are detected on the PET scan. The results of several
tudies on the use of PET in radiation treatment planning are

able 2 FDG-PET in Radiation Therapy Planning

Author Year
Number of
Patients

PET or
PET/CT for
PET imaging

ishioka19 2002 21 PET

iernik15 2003 12 PET/CT

eron20 2004 21 PET/CT

carfone18 2004 6 PET
aulino16 2005 40 PET/CT

chwartz21 2005 20 PET
ummarized in Table 2.19-21 c
Although the use of PET is gaining more acceptance in the
adiation oncology community, questions remain that need
o be addressed before PET-CT is used as a routine tool for
adiotherapy planning in head and neck cancer.17 Contour-
ng the gross tumor volume with PET is not standardized; the
TV on PET can be significantly overestimated with an in-
reased brightness level and can be underestimated by low-
ring the intensity of the PET images. A total of 50% of the
umor image maximum intensity has been used for contour-
ng by several groups17,18; however, this has not been vali-
ated in large patient populations. Larger studies are needed
o demonstrate the impact of FDG-PET on the outcome of
adiotherapy.

arcinoma of Unknown Primary
f Squamous Cell Origin

ervical nodal metastases from an unknown primary tumor
onstitute 2% of newly diagnosed head and neck cancers.22

reatment of these patients in most centers includes exten-
ive fields of irradiation to include the entire pharyngeal mu-
osa, larynx, and bilateral neck. The wide-field irradiation
educes the risk of tumor recurrence; however it causes sig-
ificant morbidity, particularly in terms of xerostomia.23

orrect localization of the primary tumor substantially re-
uces the complication risk of radiotherapy by decreasing the
ize of the radiation portal. The initial radiological workup of
atients with a squamous cell nodal metastasis includes a

Change in GTV With
PET Comments

increased in 1/21;
decreased in 1/21

Sparing of the parotid in
71% of pts with
negative PET

increased in 2/12;
decreased in 4/12

In primary tumor
increased in 3/21,
decreased in 14/21. In
nodal stations increased
in 7/21 and decreased
in 3/21

Primary only positive with
PET in 3/21; distant
metastases detected
with PET in 3/21.

Increased in 5/6
Decreased in 30/40 and

increased in 7/40
PET/CT based GTV not

included in the high-
dose IMRT area in 25%
patients with CT-only
based GTV.

Not reported for individual
patients; mean PET/CT
based GTV not
significantly different
from CT only based
GTV.

Mean contralateral parotid
and laryngeal cartilage
dose significantly
smaller with PET/CT
based GTV.
hest radiograph and computed tomography and/or MRI fol-
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FDG-PET and PET-CT imaging of squamous head and neck cancers 217
owed by endoscopy and directed biopsies. CT and/or MRI
an identify up to 50% of the primary tumors in patients,
ith no findings on the physical examination.24 The yield of

ndoscopy is significantly higher if a primary tumor is sug-
ested by radiological exams or physical examination find-
ngs. The most common sites of the primary tumor are the
onsil/tonsillar fossa and the base of the tongue.24

The available literature on the accuracy and usefulness of
DG-PET in patients with carcinoma of unknown primary
onsists of many single-center small studies with variable
iagnostic workup before the PET scan. Rusthoven and co-
orkers25 recently published a detailed review of FDG PET in

arcinoma of unknown primary syndrome. The overall de-
ection rate, based on 20 studies between 1992 and 2003,
as 24.5% in a total of 302 patients. In a subset of studies in
hich PET was performed after a negative endoscopy and
egative CT and/or MRI, the detection rate was similar, 27%

n 150 patients (Table 3).26-32 Given these findings, PET
robably should be performed as the initial test and biopsies
nder endoscopy should be directed according to PET find-

ngs, as proposed by Drs Schöder and Yeung.1 FDG-PET also
nds additional local and distant metastases in an average of
7% of patients, which certainly changes the radiation field
r the objective of treatment from cure to palliation when
istant disease is identified.25 One of the limitations of PET in
his clinical setting is the relatively high false-positive rate
elated to variable physiologic uptake of FDG in head and
eck structures. Since the previous review in the Seminars,
utzeit and coworkers have reported their initial experience
sing PET-CT for detection of unknown primary tumors that

ncluded 18 patients with cervical nodal metastases. The sen-
itivity of CT, PET, side-by-side PET and CT evaluation, and
oregistered PET-CT were 25%, 25%, 29% and 36%, with no
tatistically significant difference among the modalities in
his small patient population.33

valuation of Response to
adiation and/or
hemoradiation Therapy

labbers and coworkers34 compiled a detailed analysis of all

able 3 Carcinoma of Unknown Primary: Detection of Primary
ith CT and/or MRI

Author Year N

PET
Detection Rate

(%%)

ong26 2003 17 29
ogarty27 2003 21 10
ohansen28 2002 42 24
resnik29 2001 15 73
ungehulsing30 2000 27 26
reven31 1999 13 8
ole32 1998 15 27
otal 150 27
DG-PET studies for detection of residual and recurrent head s
nd neck tumors after radiation and/or chemoradiation pub-
ished between 1994 and early 2003. The weighted average
or sensitivity and specificity for PET was 86% and 73%
espectively, compared with 56% and 59% for CT and/or
RI.34 The interval between end of treatment and imaging

aried considerably among these studies. Although the opti-
um time for PET imaging after treatment is still debated, in
ost practices PET imaging is usually deferred for 3 to 4
onths after radiation because of the significantly lower false
egative rate at 4 months compared with 1 month.35

However, earlier evaluation is highly desirable in many
atients treated with chemoradiation, who are potential can-
idates for salvage surgery, if residual disease is present.
hese are usually patients with initially unresectable, locally
dvanced disease, or with resectable, locally advanced laryn-
eal and hypopharyngeal cancers where better functional
reservation can be obtained with primary chemoradiation
herapy. Most surgeons prefer to perform salvage surgery
ithin 6 to 8 weeks after radiation, before postradiation fi-
rotic changes develop in the neck.36 Clinical evaluation and
natomic diagnostic imaging with CT and/or MRI are unre-
iable immediately after therapy. Several recent articles have
valuated the use of PET in early evaluation of treatment
ithin 4 to 8 weeks of therapy. Goerres et al37 studied 26
atients with advanced head and neck cancer after concom-

tant chemoradiation and compared the PET findings with
istopathology in PET positive cases and clinical follow-up
or 6 months in PET negative cases. Using visual assessment
nly, the sensitivity and specificity for residual disease and
istant metastasis in this study were 90.95% and 93.3%,
espectively. In another study by Nam and coworkers,38 24
atients were imaged with PET 4 weeks after definitive radi-
tion therapy. In this study a SUVmax of 3.0 was used as a
hreshold to distinguish benign from malignant tissue. PET
as correct in 2 patients with residual disease and only 1/22
atients with a negative PET scan developed recurrent dis-
ase over a median follow-up of 12 months. Because as many
s 50% of the recurrences occur more than 15 months after
he treatment,39 larger clinical studies with long follow-up
ata are needed before early PET can be confidently used as a
outine clinical tool to identify the candidates for salvage

With FDG-PET After a Negative Panendoscopy and Imaging

PET
e-Positive
ate (%%) Additional Metastases With PET (%%)

37 18
28 44
24 Not reported
7 Not reported

t reported 27
46 Not reported

t reported Not reported
Tumor

Fals
R

No

No
urgery.
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218 Y. Menda and M.M. Graham
The accuracy of PET, in addition to the timing of the scan,
ay vary with the timing of surgery, if surgical histopathol-

gy is used as gold standard, since doomed tumor cells may
ppear viable for several weeks after therapy. Rogers and
oworkers40 in a recent article have found an unacceptably
ow sensitivity of 45% for a 1-month posttherapy FDG-PET
n comparison to the 6- to 8-week posttreatment surgical
istopathology. At our institution, salvage surgery is per-
ormed later, 3 to 4 months after radiation therapy, to allow

aximal effect of radiation on the tumor. Comparing the 3-
o 4-month posttherapy PET data with histology from salvage
urgery in 15 patients with clinically residual lymphadenop-
thy, Yao and coworkers reported a sensitivity of 100% and
pecificity of 82% for detecting residual tumor before salvage
urgery.41 The high sensitivity and negative predictive value
NPV) of an 8- to 12-week PET scan in this clinical setting
as recently confirmed by Porceddu and coworkers42 in a

arger study of 39 patients with residual nodal enlargement
fter chemoradiation. FDG-PET scan findings were corre-
ated either with surgical histopathology and/or a median
linical follow-up of 34 months. The NPV of PET in this
eries was 97% and the positive predictive value (PPV) was
1%. It should be noted that in both of these studies patients
resented with residual clinical lymphadenopathy. FDG PET
as also been shown recently to detect recurrent disease after
MRT with high negative predictive value regardless of the
linical status of the patient, when PET was performed for
urveillance.43 In 85 patients who received IMRT either as
rimary therapy or after surgery, the 3- to 5-month follow-up
ET scan had a PPV and NPV of 55% and 98% for the pri-
ary tumor and 78% and 100% for nodal disease, respec-

ively. In summary, a PET scan performed 2 to 5 months after
herapy has a high NPV so that patients can be safely followed
ithout intervention. Given the relatively low PPV, a positive
ET finding needs to be confirmed before management de-
isions are made.
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