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Objective: To evaluate the role of positron emission to-
mography and computed tomography (PET-CT) fusion
in the management of early-stage and advanced-stage pri-
mary head and neck squamous cell cancer.

Design: Retrospective analysis, with a blinded evalua-
tion of clinical data and formation of a treatment plan.

Setting: Single tertiary academic medical institution.

Patients: Thirty-six patients with previously untreated
head and neck squamous cell carcinoma who under-
went staging CT or magnetic resonance imaging of the
neck prior to undergoing PET-CT as part of their initial
diagnostic evaluation between July 2000 and January
2005.

Main Outcome Measures: Confirmation or alter-
ation of the treatment plan with the addition of the
PET-CT information compared with traditional clinical
and radiological data alone for early-stage and advanced-

stage disease. When available, histopathological results
were correlated with the PET-CT findings.

Results: Among the 36 patients, PET-CT provided ad-
ditional information that confirmed the treatment plan in
25 patients (69%) and altered the treatment plan in 11 pa-
tients (31%). Six of 11 patients in the altered-treatment
group had their tumors upstaged. Four of 8 patients with
early-stage tumors had their treatment plan altered, com-
pared with 7 of 28 patients with advanced-stage disease.
Among 18 patients who underwent a surgical interven-
tion for their primary tumor, PET-CT identified the pri-
mary tumor in all 18 patients and, based on histopatho-
logical findings, correctly staged the regional nodal disease
in 9 of 16 patients who had their nodal disease addressed.

Conclusion: The use of PET-CT is important in the ini-
tial treatment planning of early-stage and advanced-
stage head and neck squamous cell carcinoma.
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H EAD AND NECK SQUAMOUS

cell carcinoma is the sixth
most common type of
cancer worldwide, with an
annual incidence of more

than 500 000 cases.1-3 Head and neck can-
cer accounted for 6.6% of all new cancer
diagnosed between 1985 and 1995, with a
stable incidence during the past decade.1,4

Head and neck squamous cell carcinoma
is responsible for approximately 2.1% of all
cancer-related deaths in the United States
and is associated with significant morbid-
ity and mortality, with a 50% estimated
5-year survival rate that has not changed
significantly during the past decades, de-
spite advances in diagnostic and treat-
ment modalities.1-3

Although head and neck cancer can be
successfully managed with a combina-
tion of surgical and chemoradiotherapeu-

tic interventions, the disease has to be well
characterized before the most appropri-
ate surgical or medical management can
be implemented. Radiographic imaging is
an integral part of the initial staging pro-
cess for head and neck cancer5 and plays
an important role in identifying the local
or regional extent of disease, the location
of an unknown primary site, and the pres-
ence of distant metastases (particularly
lung lesions), as well as in directing sur-
gical planning.

Several imaging modalities are recom-
mended as part of the initial evaluation of
head and neck tumors, including mag-
netic resonance imaging and computed to-
mography (CT). Computed tomography is
a well-established diagnostic imaging tool
used in the initial staging and surgical plan-
ning for head and neck cancer because it
provides structural information at a high
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spatial resolution.6 However, it does not always provide
additional needed information, especially in the identifi-
cation of an unknown primary site.6,7 Often, contrasts be-
tween muscular, connective, and tumor tissue are not eas-
ily defined. Tumors of the larynx are particularly difficult
to interpret, and there are known intraobserver and in-
terobserver differences in the estimation of gross tumor
volumes.8 Suspicion for nodal disease is often based on size,
which does not necessarily reflect the physiological activ-
ity within.

Positron emission tomography (PET) using the ra-
diolabeled glucose analogue fluorodeoxyglucose F 18 is
used in the initial evaluation and in the detection of re-
currence of various types of cancer, including colon, lung,
and head and neck cancer.9 Positron emission tomogra-
phy allows for the visualization of metabolically active
tissues and is useful in the detection of head and neck
tumor lymph node involvement.10 It is used for initial stag-
ing, for defining regional or distant nodal disease, for lo-
calizing unknown primary tumors, and for identifying
recurrent disease.6,10,11 However, the lack of precise ana-
tomical resolution that is necessary for surgical and ra-
diotherapeutic planning limits its usefulness as a single
diagnostic modality.6,10 A newer imaging modality, PET
and CT fusion (PET-CT), allows for simultaneous im-
age acquisition and coregistration of metabolic and ana-
tomical data, expanding the benefits of PET or CT alone.6,10

Although the use of PET-CT in the evaluation of head
and neck cancer is promising, its role in treatment plan-
ning has not been completely elucidated. The objective of
this study is to determine the role of PET-CT in the ini-
tial evaluation and the subsequent management (whether
surgical or medical) of patients with suspected head and
neck squamous cell cancer at a tertiary head and neck can-
cer center. We assessed whether the addition of PET-CT
data, compared with CT or MRI alone, contributed to the
treatment planning process. Herein, we report the results
of the analysis of 36 patients who underwent PET-CT as
part of the initial evaluation for head and neck cancer.

METHODS

PATIENTS

We reviewed the medical records of all patients between July
2000 and January 2005 who were initially seen for evaluation
of suspected head and neck squamous cell cancer. Thirty-six
patients had no previous treatment for their lesions and un-
derwent CT or magnetic resonance imaging before undergo-
ing PET-CT as part of their staging workup. Patients with non–
squamous cell malignancies were excluded from the study, as
were patients with previous surgical or chemotherapeutic treat-
ment for the suspected lesions. The initial clinical evaluation
consisted of a standard head and neck clinical examination and
contrast-enhanced CT or magnetic resonance imaging. Eigh-
teen of 36 patients eventually received surgical treatment for
their disease, and their pathology specimens were analyzed by
routine histopathological examination.

IMAGE ACQUISITION AND ANALYSIS

Imaging was performed on a Discovery LS PET-CT scanner (GE
Medical Systems, Milwaukee, Wis), which produces 2 synchro-

nous images, one relying on CT and the other on PET using
the radiolabeled glucose analogue 18F. A comprehensive de-
scription of the functional and technical logistics of the PET-CT
scanner has been previously published by Beyer et al.12 Briefly,
the CT portion of the examination, which produces images with
detailed anatomical resolution, was performed without the use
of intravenous contrast agents. The PET portion requires the
administration of the radiolabeled glucose analogue 18F before
image acquisition. This technology relies on the avid uptake
of glucose by highly metabolically active tissues, such as tu-
mors and on the subsequent positron emission from the me-
tabolized radiolabeled glucose. Positrons collide with elec-
trons and emit gamma rays that are converted into a computer
image. This PET image is fused with the CT image by a com-
puter algorithm to provide a detailed PET-CT image. The im-
ages obtained from the PET-CT scanner were reviewed by board-
certified nuclear medicine physicians (H.J., P.P., and R.W.) with
extensive clinical experience in PET-CT image interpretation.

STUDY DESIGN

Clinical information, including initial symptoms, physical ex-
amination findings, and results of conventional diagnostic test-
ing, was analyzed in a blinded fashion by one of us (R.P.T.).
Treatment plans were then generated using only this informa-
tion. The PET-CT results were then revealed, and new PET-
CT–informed clinical assessments and treatment plans were gen-
erated. For each patient, the PET-CT results were categorized
as providing additional information that altered the treatment
plan or that confirmed the treatment plan. In patients who un-
derwent surgery, the PET-CT results were correlated with his-
topathological findings.

RESULTS

Thirty-six patients met the inclusion criteria and had their
cases reviewed. Using PET-CT, the treatment plan was
confirmed in 25 (69%) of 36 patients. In 11 (31%) of 36
patients, PET-CT provided additional information that
altered the treatment plan. Table 1 gives the demo-
graphic data for these 2 groups. Only 1 of 5 unknown
primary tumor sites was identified on PET-CT that led
to an alteration of the treatment plan.

Each patient’s American Joint Committee on Cancer
stage was recorded, first using only the physical exami-

Table 1. Patient Demographics Based on Whether the
PET-CT Findings Confirmed or Altered the Treatment Plan

Demographic
Confirmed Treatment

(n = 25)
Altered Treatment

(n = 11)

Gender
Male 19 9
Female 6 2

Age, mean (range), y 58.3 (17-81) 59.2 (40-80)
Primary tumor site

Paranasal sinus 0 1
Nasopharynx 4 0
Oral cavity 1 3
Oropharynx 10 3
Larynx or hypopharynx 6 3
Unknown 4 1

Abbreviation: PET-CT, positron emission tomography and computed
tomography.
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nation and conventional imaging results and then add-
ing the PET-CT information. Table 2 gives the stages
before and after PET-CT, separated into stages that con-
firmed the treatment plan and stages that altered the treat-
ment plan. Eight patients had early-stage disease (stage
I or II), and 4 of them had treatment plan alterations based
on the PET-CT results. Twenty-eight patients were ini-
tially staged with advanced-stage disease (stage III or IV),
and 7 of them had treatment plan alterations based on
the results of PET-CT.

A detailed list of the patients for whom the treatment
plan was altered as a result of the PET-CT findings is given
in Table 3, along with their TNM stage before and af-
ter PET-CT. Six of 11 patients had their disease up-
staged. Five of the 11 had neck disease that was de-
tected by PET-CT alone, while 3 of the 11 had suspicious
lesions in their lungs identified.

Eighteen (50%) of 36 patients underwent a surgical in-
tervention for their primary tumor, and PET-CT identi-
fied all 18 of the primary tumor sites. Sixteen patients had
their nodal disease addressed, and PET-CT correctly iden-
tified the nodal stage in 9 of them, based on histopatho-
logical findings. Two patients had lung lesions that were
suspicious for malignancy on PET-CT that subsequently
were found to be reactive or inflammatory, while PET-CT
correctly identified a lung metastasis in 1 patient. One pa-
tient had a reactive neck node on final histopathological
examination that was considered malignant on PET-CT,
and 1 patient had lymph nodes positive for squamous cell
carcinoma contralateral to the primary tumor that were
not identified by PET-CT. The latter patient underwent
surgical salvage 6 months after completion of combined
chemotherapy and radiotherapy management. Based on
final histopathological findings, 3 patients were incor-
rectly staged on PET-CT because of underestimated num-
bers of lymph nodes, generally as a result of a cluster of
nodes being read as a single node.

COMMENT

Head and neck squamous cell carcinoma is a disease as-
sociated with significant morbidity and mortality. These

tumors can be successfully treated with surgical inter-
vention and chemoradiotherapeutic regimens, al-
though the stage of the cancer has to be accurately char-
acterized in advance so that an appropriate therapeutic
plan can be tailored to the patient. Diagnostic imaging
plays an important role in the initial staging process for
head and neck squamous cell cancer by helping to iden-
tify the extent of locoregional invasion and whether it
has metastasized to distant sites. Traditional diagnostic
imaging studies such as CT, magnetic resonance imag-
ing, and ultrasonography have well-documented strengths
and limitations. None of these techniques has emerged
as the test of choice for every patient.

Positron emission tomography for head and neck can-
cer has gained popularity recently, and PET has been com-
pared with traditional imaging modalities for different uses,
including identifying primary lesions, other unknown pri-
mary lesions, nodal disease, and distant metastases.7 Over-
all, the sensitivity and specificity of PET compare favor-
ably with those of other techniques, and most studies8,13-17

found PET to be superior. However, some critics of PET
cite a lack of anatomical correlation as a major flaw in its
use in treatment planning.18

As a diagnostic tool, PET-CT provides information about
the metabolic activity of the suspected cancer and its ex-
act anatomical location.6,19 Investigators have capitalized
on this delineation of physiological and anatomical detail
by planning localized radiotherapy for oropharyngeal and
nasopharyngeal carcinomas in which more normal tissue
is spared from the harmful effects of radiotherapy.20 How-
ever, PET-CT is costly compared with conventional imag-
ing techniques, and the question of which patients benefit
from an initial PET-CT workup is still being answered. In
a recent study,21 investigators examined 36 untreated pa-
tients with head and neck squamous cell carcinoma by
PET-CT to determine their tumor stages and any poten-
tial alterations of chemoradiotherapeutic protocols based
on the results. Ultimately, 9 patients had treatment plan
alterations as a result of their PET-CT findings.

Our study sought to determine which patient popu-
lation would benefit most from an initial workup with
PET-CT and, most important, how the information pro-
vided would affect the therapeutic options. Overall, there
was an alteration of the treatment plan in 11 (31%) of
36 patients, most often as a result of upstaging the tu-
mor. This is a significant proportion of patients affected
by the results of a single imaging modality. Many of the
treatment plan alterations included the addition of che-
motherapy or radiotherapy so that a multimodality ap-
proach was favored. Suspicious lung nodules requiring
further workup accounted for alteration of the treat-
ment plan in 3 patients. These patients were in the ad-
vanced-stage group, and although 2 of them had false-
positive test results, PET-CT seems to be an acceptable
screening tool for distant metastases. Missed distant me-
tastases in this patient population may result in inappro-
priately aggressive treatment. The detection of addi-
tional pathologic neck lymphadenopathy contributed to
treatment plan alterations in 7 patients, and identifica-
tion of an unknown primary tumor led to an alteration
of the treatment plan in 1 patient. In 4 of 8 patients with
early-stage lesions and in 7 of 28 patients with advanced-

Table 2. TNM Stages Before and After PET-CT in the
Confirmed-Treatment and Altered-Treatment Groups

TNM Stage
Confirmed Treatment

(n = 25)
Altered Treatment

(n = 11)

Before PET-CT
I 2 2
II 2 2
III 4 2
IV 17 5

After PET-CT
I 1 0
II 2 0
III 5 4
IV 17 7

Abbreviation: PET-CT, positron emission tomography and computed
tomography.
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stage lesions, the initial stage was altered because of the
PET-CT findings, indicating that patients of all stages
could benefit from the additional information that PET-CT
provides. Patients with early-stage disease were most of-
ten upstaged secondary to the detection of suspicious
nodal metastasis. Patients with advanced-stage disease
may benefit from the detection of distant metastases and
of contralateral neck involvement.

Of the 36 patients in this study, 18 underwent surgi-
cal resection of the primary tumor. All 18 primary sites
were correctly identified by PET-CT. However, nodal stag-
ing was not as accurate, with 9 (56%) of 16 patients ap-
propriately staged. Many of the patients in this study re-
ceived radiotherapy with or without chemotherapy,
precluding further histopathological correlation. An ac-
curate statistical validation of PET-CT findings cannot
be performed until greater numbers of patients can be
studied. Although PET-CT is adept at delineating the ex-
tent of the primary tumor, it has some limitations in de-
fining the number of suspicious nodes, particularly when
there is a large cluster of lymph nodes with tumor in-
volvement. However, this limitation may be compen-
sated for by the ability of PET-CT to delineate where nodal
disease is located in the neck and whether there is uni-
lateral or bilateral nodal disease.

CONCLUSIONS

Although it is a relatively new diagnostic imaging mo-
dality, PET-CT plays a significant role in the initial stag-
ing and in the therapeutic management planning for un-
treated head and neck squamous cell cancer. The results
of our study show that PET-CT is useful in the staging
and treatment planning of patients with early-stage and
advanced-stage disease. Patients with early-stage dis-

ease can benefit from the detection of occult regional me-
tastases, and those with advanced-stage disease can ben-
efit from the detection of distant metastases and from a
more precise definition of the extent of regional spread.
This preliminary study supports the use of PET-CT in
the initial evaluation of all patients with untreated head
and neck squamous cell cancer, although further inves-
tigation is warranted.
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Correction

Error in Title. In the Original Article by Yueh et al titled
“Development and Validation of the Effectiveness of the
Auditory Rehabilitation Scale,” published in the Octo-
ber issue of the ARCHIVES (2005;131:851-856), an error
occurred in the title. The correct title is “Development
and Validation of the Effectiveness of Auditory Reha-
bilitation Scale.” This correction was made previously
to online versions of this article.
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