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18F-FDG PET/CT has rapidly become a widely used imaging mo-
dality for evaluating a variety of malignancies, including squa-
mous cell carcinoma of the head and neck and thyroid cancer.
Using both published data and the multidisciplinary experience
at our institution, we provide a practical set of guidelines and al-
gorithms for the use of '8F-FDG PET/CT in the evaluation and
management of head and neck cancer and thyroid cancer.
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Squamous cell carcinoma of the head and neck (HNSCC),
which is newly diagnosed in nearly 40,000 patients annually
in the United States, has a tremendous impact on basic
functions, such as speech and swallowing, and its treatment
can significantly affect patient appearance (/). The overall
annual mortality rate for head and neck cancer in the United
States is 23%, and the 5-y survival rate is 56% (I-3).
Worldwide, HNSCC is an even larger issue. Nasopharyngeal
cancer has an incidence of as high as 25 per 100,000 in
southern China; in India, HNSCC accounts for 25% of all
male carcinomas and 10% of all female carcinomas (4,5).
Over 80% of early-stage tumors are cured, but nearly one half
of patients have evidence of advanced local disease or lymph
node metastases at the time of diagnosis. Therapy often
requires extensive multidisciplinary collaboration among
specialists in head and neck surgery, radiation oncology,
medical oncology, prosthodontics, and speech therapy.
Diagnostic imaging plays an important role in accurate
staging, restaging, and treatment monitoring and is es-
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sential in both planning adequate treatment and minimizing
treatment-related toxicity and functional impairment. MRI
and CT remain the primary imaging modalities for the
assessment of HNSCC, but '8F-FDG PET/CT has emerged
as a vital adjunct when used in the appropriate clinical
setting.

The use of 'SF-FDG PET/CT for the evaluation of head
and neck cancer has been most widely assessed for HNSCC,
although it has also been studied for other malignancies,
such as those of salivary gland and thyroid origins. PET/CT
rarely adds additional useful information regarding the
initial T stage of the primary tumor because the combina-
tion of clinical mucosal evaluation and MRI or CT better
evaluates local soft-tissue and bony anatomy. PET/CT can
be helpful, however, in several clinical scenarios: delinea-
tion of extent of regional lymph node involvement, detection
of distant metastases, identification of an unknown primary
tumor, detection of an occasional synchronous primary
tumor, monitoring of the treatment response, and long-term
surveillance for recurrence and metastases (Table 1).

Here we review the literature on the use of '8F-FDG PET
and PET/CT for HNSCC, discuss how diagnostic imaging
and PET/CT are used at our institution, and provide
practical guidelines and algorithms for the use of !8F-
FDG PET/CT for head and neck cancer. We also review the
use of PET/CT for thyroid cancer. It should be noted that
we do not routinely use intravenous contrast material for
the CT component of PET/CT examinations at our institu-
tion (these noncontrast CT examinations are reviewed by a
board-certified radiologist, and the results are integrated
into the PET report). When we do, PET/CT is treated as 2
separate examinations, with a specialist in nuclear medicine
interpreting the PET examination and a radiologist inter-
preting the neck CT and whole-body CT examinations. Our
head and neck PET/CT protocol consists of a whole-body
scan with the arms above the patient’s head and a separate,
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TABLE 1
Key Benefits of 18F-FDG PET/CT for HNSCC

Clinical scenario

Benefit

Initial staging
be significantly altered)
Detect distant metastases
Identify synchronous primary tumors

Delineate extent of regional nodal metastases (radiotherapy target volumes and neck dissection choices may

Detect unknown primary tumor in patients with a squamous cell carcinoma neck metastasis
Monitoring therapy Accurately differentiate responders from nonresponders for salvage surgery

Detect recurrence
Detect metastatic disease
Detect a second primary tumor

Surveillance

dedicated acquisition of the head and neck with the arms
down and a slightly longer acquisition time.

INITIAL STAGING OF HNSCC

Accurate delineation of the primary tumor and the extent
of regional lymph node metastases is critical for staging
of the tumor and for determination of the optimal initial
therapeutic approach, including planning the extent of sur-
gery and delineating targets for radiation therapy. Although
numerous reports on initial staging have shown that PET is
at least as sensitive as MRI or CT in detecting the primary
tumor (6-8), PET and PET/CT (without contrast material)
do not provide the anatomic definition that MRI and contrast-
enhanced multislice CT can provide. Therefore, there is a
limited role for PET in defining the T stage of the primary
tumor. One exception is the use of '8F-FDG PET in iden-
tifying the primary tumor site in patients who present with
cervical lymph node metastatic HNSCC from a clinically
undetectable or unknown primary tumor. This use of '8F-
FDG PET is discussed further in the next section.

For evaluating metastatic disease in cervical lymph nodes,
previous studies showed that '8F-FDG PET/CT is compa-
rable or superior to conventional imaging in detecting re-
gional lymph node metastases during initial staging (9-12).
In a review by Schoder and Yeung, an average sensitivity of
87%-90% and a specificity of 80%—-93% were reported for
I8E.FDG PET/CT (13); a sensitivity of 61%-97% and a
specificity of 21%—-100% were reported for MRI or CT. A
more recent study suggested that MRI may be slightly more
sensitive than PET for identifying regional lymph node
metastases (93% for MRI vs. 85% for PET) (/4); specificity
was comparable between the 2 imaging modalities (95%
for MRI vs. 98% for PET). However, a nonhybrid PET
scanner without PET/CT fusion was used in that study;
integrated PET/CT may be as good as or better than both
MRI and PET used alone.

ISF-FDG PET/CT can certainly play an important role in
identifying disease in lymph nodes in unexpected locations
(upper mediastinum and axilla) and detecting unsuspected
distant metastatic disease (Fig. 1). In this setting, PET/CT
has an advantage over conventional imaging because of its
whole-body coverage and its sensitivity to lesions that may

be missed by conventional imaging, such as subtle bone
metastases that may not be detectable on a routine chest or
abdominal CT scan. Several studies have demonstrated that
PET may detect occult distant metastatic disease in as
many as 10% of patients with advanced local-regional
disease (8,9,11,13,15). Furthermore, patients with HNSCC
have an elevated risk of having a synchronous malignancy,
particularly in the upper aerodigestive tract. PET may be
useful in detecting such tumors, although its sensitivity in
this circumstance is not certain because of the relatively
small number of reports addressing this topic (16—18).

We have developed a schema for the role of 'SF-FDG
PET/CT in the staging of head and neck cancer (Fig. 2).
MRI is typically our initial imaging study of choice be-
cause, compared with PET/CT without contrast material, it
is capable of more accurately delineating the extent of
tumor and evaluating perineural involvement and intracra-
nial extent of disease and is nearly comparable in accuracy in
detecting regional lymph node metastases (/3,79). Contrast-
enhanced CT is used only in cases of laryngeal cancer.
However, the merits of MRI over contrast-enhanced CT are
still deeply debated between institutions, and PET/CT per-
formed with intravenous contrast material may be a rea-
sonably accurate alternative for delineating the extent of
disease at initial presentation (20).

FIGURE 1.

Detection of unexpected malignant involvement of
lymph nodes at initial staging. Patient with locally advanced
nasopharyngeal cancer was referred for initial staging evalua-
tion. Contrast-enhanced CT (A) and MRI (B) revealed 2 lymph
nodes that were within normal limits by size criteria and for
which the presence of malignant disease was uncertain (red
arrows). (C) These 2 nodes clearly had abnormal activity on 8F-
FDG PET/CT (yellow arrows), and radiation treatment field was
adjusted to accommodate these regions.
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Primary head and neck cancer diagnosed

}

* Physical examination
* Office endoscopy
* MRl or CT

Definitive for nodal disease

A 4

Suggestive of nodal disease Negative for nodal

disease (NO)

FNA of suggestive nodes Bx-

+
Bx (if alters management)

FIGURE 2. Algorithm for initial staging

| PET/CT suggested* |

| PET/CT optional’ |‘ """

of HNSCC. *Primarily to detect distant
metastatic disease, additional regional
lymph nodes with metastatic disease,
and synchronous tumors. *Primarily to

serve as baseline before therapy. Bx+ =
biopsy positive; Bx— = biopsy negative;

Definitive treatment

FNA = fine-needle aspiration.

At our institution, PET/CT is generally suggested when
there is concern for distant metastases on the basis of the extent
of local-regional disease. If a distant metastasis were identi-
fied, then surgery that would be associated with potential
functional loss and comorbidity could be avoided. In addition,
PET/CT may be used to further evaluate possibly abnormal
incidental findings from another imaging examination (for
example, mediastinal adenopathy detected by chest CT).

I8F_.FDG PET/CT does not perform as well in the staging
of lymph node involvement as it does in the assessment of
distant metastatic disease. In patients whose disease is clin-
ically stage NO after an initial evaluation (no evidence of
lymph node involvement, as determined by physical exam-
ination and anatomic imaging), 2 small studies with senti-
nel lymph node biopsy as a gold standard showed that PET
failed to detect lymph nodes with malignant involvement in
8 of 9 patients (from both studies collectively) (27,22). A
larger and more recent prospective report of 31 patients
with stage NO disease showed that '8F-FDG PET/CT failed
to detect minimally involved (=3 mm) lymph nodes in 3
patients and yielded false-positive findings in 4 patients (23).
The most likely causes of false-negative findings are the limited
spatial resolution of PET and its poor performance in de-
tecting lesions of less than ~5 mm. Therefore, selective neck
dissection or sentinel lymph node biopsy is more definitive.

Even in patients with clinically stage NO disease, a
PET/CT scan at the time of initial staging may still serve as
a useful baseline examination for subsequent follow-up after
therapy (see later discussion) and is included as an optional
measure at our institution (Fig. 2). It is particularly useful
to have a baseline PET/CT scan to help differentiate inci-
dental physiologic '8F-FDG-avid foci from malignant foci
on subsequent posttreatment scans. Normal variant '3F-FDG
uptake can be seen in a variety of locations, including the
pharyngeal muscles, salivary glands, and lymphoid tissue,
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and may pose a significant interpretive challenge when com-
parison images are not available.

IDENTIFICATION OF UNKNOWN PRIMARY TUMOR

Approximately 2%-9% of all HNSCCs will present with
cervical lymph node metastases without clear evidence of
a primary tumor site (24). Such HNSCCs present both a
diagnostic challenge and a treatment quandary. Treatment
consists of radiation therapy that is directed at the full
extent of the pharyngeal mucosa, which may harbor the
putative primary tumor site, and that is associated with
significant morbidity, possibly for little gain. Identification
of the primary tumor site is critical because it may identify
a site for primary tumor surgical resection or define and
limit the extent of radiotherapy.

The initial evaluation for patients with an HNSCC lymph
node metastasis from an unknown primary tumor should
include a thorough physical examination, in-office endos-
copy, and anatomic imaging with MRI (or high-quality
CT). MRI and CT scans may be negative if the primary
tumor site is subtle or difficult to separate from adjacent
normal structures (such as lingual tonsillar tissue), if the
primary tumor site is superficial or very small, or if the scan
is limited by motion or streak artifacts. Multiple studies have
assessed the use of PET for detecting an occult primary
tumor site, and success rates have generally been at least
comparable to if not better than those of anatomic imaging
(25). In a large review by Schoder and Yeung of 11 studies
that included more than 300 patients, the sensitivity of PET
ranged from 10% to 60%, a finding that was attributed to
differences in inclusion criteria and clinical verification (/3).
A more recent metaanalysis concentrated on studies that
specifically addressed the subpopulation of patients who had
an initially negative physical examination and MRI results.
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For this group, '8F-FDG PET and PET/CT were able to
detect the primary tumor in 40 of 150 patients (27%) (26).

At our institution, when physical examination, in-office
endoscopy, and MRI have been unrevealing, a PET/CT
scan is obtained (Fig. 3). If there is a suspect focus on
metabolic imaging, then the patient undergoes panendos-
copy, during which a frozen-section biopsy of the suspect
site found by PET/CT is obtained. If the frozen-section
biopsy is negative, then further strategic biopsy specimens
are obtained from the most common sites for primary
tumors. These sites include the base of the tongue, the
ipsilateral tonsillar fossa, and, in some cases, the pyriform
sinus and contralateral tonsillar fossa and the nasopharynx.
If the PET/CT scan does not show any evidence of the
primary tumor, then the patient undergoes panendoscopy
and subsequent strategic surgical biopsy specimens are
obtained in the hope that permanent tissue sections will
identify the occult primary tumor. If the primary tumor is
discovered, then PET/CT may be performed before treat-
ment to assess for local-regional disease, distant metasta-
ses, or a synchronous tumor (Fig. 4).

MONITORING TREATMENT RESPONSE AND
SURVEILLANCE

Chemoradiation that includes cisplatin-based chemother-
apy and intensity-modulated radiation therapy is frequently
the primary treatment for HNSCC. This nonsurgical route
may be chosen for either of 2 general reasons. First, an
organ preservation protocol may be chosen for patients with
laryngeal and tongue cancer in an effort to avoid surgical
resection altogether. Second, chemoradiation is often cho-
sen in clinical scenarios in which it has been demonstrated
to achieve local-regional control similar to or better than
that of protocols that include surgery. In both clinical
settings, PET/CT is useful for monitoring the treatment
response and for accurately identifying patients with resid-
ual disease for salvage surgery.

FIGURE 4. HNSCC metastasis from unknown primary tumor.
Patient had enlarging 3-cm left neck mass felt on physical ex-
amination. (A) Contrast-enhanced CT depicted space-occupying
lesion (red arrows) in left neck. Biopsy of lesion was obtained by
fine-needle aspiration, and lesion was proven to be lymph node
metastatic squamous cell carcinoma. There was no clear evi-
dence of primary tumor except for subtle asymmetry at left tonsil-
lar fossa (blue arrow) that was of uncertain significance. '8F-FDG
PET (B) and fusion PET/CT (C) clearly identified primary tumor at
left tonsillar fossa (yellow arrows); finding was confirmed by
endoscopic biopsy.

Assessment of the treatment response and surveillance
for recurrence in HNSCC may pose a diagnostic challenge.
Radiation and surgery can cause significant changes to the
normal tissues of the head and neck (27). Such tissue
distortions can obscure persistent or recurrent disease on
physical examination, CT, and MRI until relatively late in
the course of disease (27,28). For 'SF-FDG PET, likewise,
nonspecific increases in tracer uptake can occur in
lymphoid tissue, salivary glands, muscles, and soft tissue,
usually as a result of posttreatment inflammation (29). A
number of studies, however, have shown that PET can
detect residual tumor after chemoradiation more accurately
than conventional imaging (30-34). For a series of 108
patients at our institution, we found that PET/CT detected
local-regional persistent or recurrent HNSCC with a sen-
sitivity of 82%, a specificity of 92%, a positive predictive
value (PPV) of 64%, a negative predictive value (NPV) of
97%, and an overall accuracy of 90% (35). Similarly, in a
recent study of 39 patients by Porceddu et al., PET had an

IMetastatic lymph node identified (FNA): squamous cell carcinomal

!

* Physical examination
+ Office endoscopy
*MRI

Suggestive primary site found

-

Suggestive focus on PET

* Panendoscopy
*Frozen section of suggestive site

Negative for primary disease

PET/CT

FIGURE 3. Algorithm for evaluation of
unknown primary malignancy with cervi-
cal lymph node metastases. *Ipsilateral
base of tongue, tonsillar fossa (TF),

PET negative

at time of panendoscopy

Bx+ Bx-\—’
Optional PET/CT" | <=

Strategic surgical biopsies of most common primary sites*

nasopharynx, and, in some cases, pyri-
form sinus and other TF. *PET/CT may

Definitive treatment

Bx+ Bx-

be helpful in this setting for detecting
distant metastatic disease, additional re-
gional lymph nodes with metastatic dis-

True unknown primary
Treatment based on nodal status and other factors

ease, and synchronous tumors. Bx+ =
biopsy positive; Bx— = biopsy negative;

FNA = fine-needle aspiration.

Heap AND NEck CArRcINOMA ¢ Quon et al. 61S



NPV of 97% when it was performed at a median of 12 wk
after the completion of therapy (36). For the detection of
distant metastases, PET/CT had a sensitivity of 89%, a
specificity of 97%, a PPV of 85%, an NPV of 98%, and an
overall accuracy of 96% (35). A negative PET/CT result is
highly reliable for all sites when PET/CT is performed at
least 2—3 mo after the completion of therapy (Fig. 5) (36).
A positive PET/CT result in the head and neck region must
be correlated with information from the physical examina-
tion and cross-sectional imaging modalities, as nonspecific
inflammation may often be '8F-FDG avid.

Decisions about the optimal timing of PET/CT scans rel-
ative to radiation therapy, once greatly debated, are achiev-
ing greater consensus. PET/CT is more accurate when
performed at 2-3 mo after the completion of radiation
therapy than at earlier time points (32,36,37). This im-
provement is attributed to subsidence of the nonspecific
inflammation over time. Like others, we found that PET/CT
performed at 3 mo after the completion of radiation therapy
had significantly higher sensitivity (P < 0.01) and NPV
(P < 0.05) in the head and neck than PET/CT performed
within 1 mo (35). Similarly, PET/CT had a higher speci-
ficity for detecting persistent tumor after radiation therapy
than contrast CT alone, and the specificity of PET/CT was
highest when it was performed after 8 wk of treatment (35).
Other investigators described similar results at a range of
8—16 wk after the completion of radiotherapy (32,37,38).

In the setting of surveillance, numerous studies have
demonstrated that '8F-FDG PET/CT has a relatively high
sensitivity for detecting recurrent disease at the primary
tumor site and regional lymph node metastases (39—45). For
patients who underwent PET or PET/CT at least 12 wk after

FIGURE 5. Monitoring chemoradiation. (A) Pretreatment trans-
axial '8F-FDG PET/CT revealed intensely hypermetabolic primary
carcinoma at base of tongue (red arrows). (B) '8F-FDG PET/CT
after chemoradiation revealed complete resolution of abnormal
activity without evidence of residual disease in treated region.
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the completion of all therapy, the reported sensitivity ranged
between 93% and 100% for the detection of recurrence.
Because there may be nonspecific '8F-FDG uptake at sites
other than sites of malignancy, such as in inflamed lymph
nodes or musculature, the specificity of PET and PET/CT is
between 63% and 94%, and additional confirmatory tests
should be used when there are abnormal findings (Fig. 6).
Researchers at our institution have reached a reasonable
consensus opinion for assessing the treatment response and
surveillance (Fig. 7). At approximately 1 mo after the com-
pletion of chemoradiation, patients with obvious residual
disease or tumor progression are considered for immediate
salvage surgery. If there is no clear evidence of residual
disease, then patients are clinically evaluated 1 mo later (2
mo after the completion of chemoradiation). If a suspect
site is found on examination, then biopsy specimens are
obtained. Patients who appear to have had a complete
therapeutic response undergo MRI (or CT, in cases of
laryngeal cancer). Fine-needle aspiration biopsy is performed
if there are suspect areas on cross-sectional imaging. If no
evidence of disease is found on physical examination, in-
office endoscopy, and MRI at 2 mo after the completion of
chemoradiation, then patients are evaluated by PET/CT
beginning at 3 mo after the completion of chemotherapy.
The value of this examination may be increased if a
comparison baseline PET scan had been obtained at initial
staging. Subsequent surveillance PET/CT scans are sched-
uled either depending on clinical suspicion or at regular
intervals, such as every 6 mo for the first 18 mo and
annually thereafter. In the latter setting, frequent surveil-
lance has a reasonable chance of detecting recurrence and

FIGURE 6. PET/CT for detection of recurrence. (A) Surveil-
lance '8F-FDG PET/CT after therapy revealed prominent phys-
iologic mandibular muscle uptake without evidence of recurrent
disease. (B) Interval follow-up '8F-FDG PET/CT revealed new
subtle hypermetabolic focus in left retropharyngeal region (red
arrows) suspected of indicating recurrence. (C) T1-weighted
contrast-enhanced MRI confirmed presence of suspect sub-
centimeter retropharyngeal lymph node (yellow arrow).
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* Chemoradiation
* Radiation therapy alone

4

Wait 1 mo after treatment*
* Physical examination
* Office endoscopy

Obvious residual disease or tumor progression

]

Apparent clinical complete response (cCR)

Suggestive of residual disease

2 mo after treatment*
* Physical examination
* Office endoscopy

l cCR

FNA biopsy

Suggestive | MRI (or CT) at 2 mo after treatment* |

l Negative for residual disease

Suggestive |

PET/CT at 3 mo after treatment* |

l Negative for residual disease

FIGURE 7. Algorithm for evaluation of

l Bx+ Bx-

Serial PET/CT 9, 15, and then every 12 mo* |

treatment response. *Time after completion
of radiotherapy. Bx+ = biopsy positive;

Surgery, as appropriate

Bx— = biopsy negative; FNA = fine-needle

may be of particular value when a potentially curative
salvage modality is available (surgery or reirradiation).

EMERGING ROLE OF PET/CT IN RADIOTHERAPY
PLANNING

Integrated '8F-FDG PET/CT provides a bridge between
anatomic imaging and functional imaging that appears
to be ideally suited to radiotherapy planning in the era of
highly conformal radiotherapy (46,47). Accurate spatial
delineation of targets is especially important with treatment
modalities that deliver highly conformal 3-dimensional
dose distributions, such as intensity-modulated radiation
therapy and stereotactic radiosurgery, both of which are
used commonly for treating HNSCC at our institution.
Immobilization devices can be used during the acquisition
of the PET/CT scan to improve the registration of PET and
CT data for treatment planning. Several publications have
reported that target volumes may be modified in as many as
20% of cases with the use of '8F-FDG PET/CT versus CT
alone (Fig. 8). Accordingly, PET/CT is commonly used as
an adjunct examination for radiation treatment planning for
head and neck cancers at our institution. We rely primarily
on CT and MRI for target definition because of their high
spatial resolution. In addition, we have found that PET
frequently fails to identify hypermetabolism in areas of
marrow space infiltration and perineural extension that are
highly suspect on MRI. Therefore, we use PET/CT pri-
marily to include normal-size, normal-appearance lymph
nodes with increased metabolic activity as part of the high-
dose target volume. In addition, PET/CT may be helpful for
contouring primary tumors whose borders are difficult to
distinguish by anatomic imaging alone, as is sometimes the
case with tongue base tumors. At present, we do not reduce
the target volumes to exclude PET-negative portions of
tumors that appear abnormal on CT or MRI, such as areas
of necrosis or enlarged lymph nodes with equivocal met-

aspiration.

abolic activity. Long-term outcome data identifying patterns
of treatment failure in relationship to PET/CT-augmented
target volumes are needed to define a standardized approach
to the use of PET/CT in treatment planning before this can
be recommended as routine practice.

18F-FDG PET/CT IN THYROID CANCER

There are more than 30,000 new cases of thyroid cancer
in the United States annually, and the incidence is increas-
ing (48). The vast majority of thyroid cancers arise from
follicular cells and are classified pathologically as papillary,
follicular, and anaplastic. Papillary and follicular cancers
and variants, such as the follicular variant of papillary
cancer, are designated as differentiated because they retain
the ability to trap iodine and produce thyroglobulin (Tg).

The normal thyroid traps little or no '8F-FDG. On PET
scans obtained for the management of nonthyroid cancers,

FIGURE 8. Use of PET/CT to assist in radiation treatment
planning. (A) MRI depicted asymmetric tissue in left nasophar-
ynx. Radiotherapy contour line encircled this region (red line).
(B) PET/CT revealed abnormal metabolic activity crossing
midline from left nasopharynx to right nasopharynx, suggesting
extent of tumor larger than that suggested by MRI. Radiother-
apy contour line was adjusted accordingly (red line).
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the uptake of '8F-FDG in the thyroid can occasionally be
identified. When this uptake is diffuse and intense, it is
usually attributable to autoimmune thyroiditis (49). In con-
trast, when the uptake is focal, there is a 30%—-50% chance
of primary thyroid cancer. These data were recently
reviewed (50). With integrated PET/CT, the uptake can
be shown to coincide with a solid nodule. This focal uptake
can also be attributable to metastasis from primary non-
thyroid cancer, including melanoma and kidney, lung,
breast, and gastrointestinal tract cancers, but there is usu-
ally evidence of widespread metastases in these situations.
In the case of focal uptake, fine-needle aspiration is advised
to obtain a tissue diagnosis.

Suggested approaches to the management of thyroid can-
cer have been published (57,52). We have constructed
an updated algorithm that includes integrated '*F-FDG
PET/CT (Fig. 9). The fundamentals of the treatment of dif-
ferentiated cancer are total thyroidectomy, thyroid hormone,
and, in selected patients, radioiodine (!3'T). The prognosis
worsens with each decade over the age of 45 y; with

increasing size of the cancer; with invasion into surrounding
structures, such as the trachea and esophagus; and with
metastases to distant sites. The treatment should be least
aggressive for patients with an excellent prognosis and
progressively more aggressive when there are increasingly
poor prognostic features. Thyroidectomy and thyroid hor-
mone are adequate for the treatment of an intrathyroid
differentiated cancer that measures less than 2 cm and is
fully excised. When surgery is incomplete or the cancer is
larger or invasive or there are local-regional or distant metas-
tases, there is a role for '3'I after total thyroidectomy. In
preparation for '3'T treatment, the level of thyrotropin (TSH)
must be elevated (most authorities recommend a value of >30
mU/L) either by withdrawing thyroid hormone or by injecting
recombinant human TSH, and the patient should adhere to a
low-iodine diet for 2 wk. We prefer to obtain a diagnostic
whole-body scan at 24 h after the administration of 148 MBq
of 121 to define the extent of residual thyroid and metastases
and to calculate the percentage of uptake in abnormal sites.
Next, an appropriate therapeutic dose is administered on the

Patient presentation:

* Symptoms

* Physical examination

¢ Thyroid scintigraphy with iodine

¢ Incidental focus found on PET
* Work-up of pheochromocytoma (MEN-2)

\4

Ultrasound and FNA biopsy

l

Papillary/follicular (including Hurthle cell) Medullary

Primary thyroid cancer diagnosis

Anaplastic

A 4

v

| Total thyroidectomy |

* Surgery

A 4

¢ Sandostatin (palliative)

* Chemotherapy (variable efficacy)

PET/CT (for delineation of disease extent)

| Whole body [-123 scan |

* Surgery

!

| PET/CT for persistent calcitonin 1

* Chemotherapy (variable efficacy)
* XRT (variable efficacy)

| 1-131 therapy |

!

* Check Tg levels at 3, 6, and 12 mos. after radioablation; 6-12 mos. thereafter
* 1-123 or I-131 whole body scan at 1 week and 6 - 12 mos after radioablation

* 1-131 scan negative
* Tg levels rising
* Physical exam negative

' }

v

* |-123 or I-131 scan negative
(rhTSH may be used)

* 1-123 or I-131 scan positive

* Low clinical suspicion for
recurrence or metastatic disease

* PET/CT
* MRI of the neck

* Low clinical suspicion for
recurrence or metastatic disease

}

/N

| 1-131 re-treatment |

Surgical resection * |-131 re-treatment

................

Surveillance

(if possible) * XRT (both controversial)

FIGURE 9. Algorithm for evaluation of thyroid carcinoma. FNA = fine-needle aspiration; rhTSH = recombinant human TSH; XRT =

radiation therapy.
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same day, and a scan is obtained 5-8 d later. With 148 MBq of
1231, there is seldom a difference in the diagnostic and
posttherapy scans; therefore, the extent of disease is defined
before radioiodine therapy. After treatment, we conduct fol-
low-up clinical evaluations at 2-3 mo, at intervals of 6 mo for 5
y, and annually thereafter. These visits include clinical exam-
ination and measurement of free thyroxine, TSH, and Tg. A
follow-up whole-body scan is obtained after 1 and 5 y along
with measurement of TSH-stimulated Tg; recombinant human
TSH is generally used to produce an elevated TSH level. Some
authorities use measurement of TSH-stimulated Tg without an
accompanying scan (53,54). However, the follow-up scan can
be compared with those obtained at the time of therapy and
provides objective evidence in patients who have anti-Tg
antibodies. Ultrasound of the neck is performed annually.
When the results of a follow-up scan are positive, a second
treatment with '3'T is advised.

Usually the scintigraphic scan results and Tg levels
match: both are negative or both are abnormal. One difficult
problem is a disparity that usually involves measurable Tg
but a negative radioiodine scan result. Most authorities
consider a TSH-stimulated Tg level of 10 ng/mL or greater
to merit action (57). Such action can include empirically de-
termined therapy with 13T or imaging with PET or PET/CT
to identify the source of Tg production (Fig. 10) (55-57).
Reported sensitivities for PET and PET/CT range from
70% to 90%, and the specificity is also high. Our experi-
ence with 87 PET/CT studies revealed a sensitivity of 87%
and a specificity of 80%. False-positive results, including
I8F-FDG uptake in brown fat and muscles of speech, are
correctly identified by fused PET/CT. Pathologic sites of
IBF-FDG uptake can be cured by surgical excision. In con-
trast, we have been unimpressed with the success of empiric
31T treatment; frequently, there was no uptake of radioio-
dine on a posttherapy scan, and in none of our patients did
the Tg level become undetectable after this treatment.
However, an undetectable Tg level has been achieved with

FIGURE 10. '8F-FDG PET/CT for detecting scintigraphically
occult metastatic thyroid cancer. Patient had persistently
elevated Tg levels after thyroidectomy and '3'l ablation. (A)
Whole-body 37l scan appeared normal and did not reveal
source of abnormal Tg production. (B and C) Follow-up '8F-
FDG PET/CT detected several paratracheal lymph node me-
tastases (red arrow) and lung metastasis (yellow arrow).

PET and ultrasound-guided surgery (58). There are reports
that “blind” therapy with '3'T can be hazardous (59).

I8F_.FDG PET/CT also has a role in other thyroid cancers
that do not trap iodine. These include anaplastic cancer,
medullary cancer, and lymphoma. The roles of PET/CT in
anaplastic cancer of the thyroid are to define the local
extent of disease and to determine whether there are distant
metastases (60). PET/CT is valuable in identifying the
source of persistent measurable calcitonin in patients who
have undergone total thyroidectomy. It is superior to ana-
tomic imaging (61,62). The roles of PET/CT in primary
Ilymphoma of the thyroid are to stage the disease and to
monitor the response to therapy.

CONCLUSION

ISF_FDG PET/CT has become a widely used imaging
modality for a variety of common malignancies and is
increasingly becoming a standard part of the management
of HNSCC and thyroid cancer. For HNSCC, the primary
benefits of this modality are 3-fold: initial staging, monitor-
ing of the response to therapy, and long-term cancer surveil-
lance. During initial management, PET/CT can delineate
regional lymph node metastases, detect distant metastases,
discover unknown primary tumors, and identify synchronous
primary tumors. After chemoradiation, it is used for moni-
toring the response to therapy to accurately select patients for
salvage surgery. PET can also be used for long-term surveil-
lance, in which it has a very high sensitivity for recurrence
and metastatic disease. The value of PET/CT for radiother-
apy planning is under investigation; PET/CT is currently
used only in an assistive role in such planning.

For well-differentiated thyroid cancers, PET/CT plays an
important adjunct role in detecting sites of metastatic dis-
ease and recurrence that are scintigraphically occult on
radioiodine imaging. PET plays a similar role for medullary
tumors when there are persistently high calcitonin levels
without a known source. For anaplastic tumors and thyroid
lymphoma, PET may be used at initial staging to delineate
the local extent of disease and to detect distant metastases.

Currently, no consensus national guidelines have been
established for the use of PET/CT for HNSCC and thyroid
cancer. Drawing on personal experience at our institution
and on an analysis of the literature, we have outlined our
specific strategy for its use.

ACKNOWLEDGMENTS

We thank Aya Kamaya, MD, Department of Radiology,
Stanford University, for editorial help and Andrei lagaru,
MD, Stanford University, for help in assembling figures.

REFERENCES

1. Carvalho AL, Nishimoto IN, Califano JA, Kowalski LP. Trends in incidence and
prognosis for head and neck cancer in the United States: a site-specific analysis
of the SEER database. Int J Cancer. 2005;114:806-816.

Heap AND NEck CArRcINOMA ¢ Quon et al. 65S



%)

%)

W

[=))

\l

el

Nel

20.

21.

22.

23.

24.

66S

. Canto MT, Devesa SS. Oral cavity and pharynx cancer incidence rates in the

United States, 1975-1998. Oral Oncol. 2002;38:610-617.

. Forastiere A, Koch W, Trotti A, Sidransky D. Head and neck cancer. N Engl J

Med. 2001;345:1890-1900.

. Yeole BB, Sankaranarayanan R, Sunny MSL, Swaminathan R, Parkin DM.

Survival from head and neck cancer in Mumbai (Bombay), India. Cancer. 2000;
89:437-444.

. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer

J Clin. 2005;55:74-108.

. Ha PK, Hdeib A, Goldenberg D, et al. The role of positron emission tomography

and computed tomography fusion in the management of early-stage and
advanced-stage primary head and neck squamous cell carcinoma. Arch
Otolaryngol Head Neck Surg. 2006;132:12-16.

. Paulus P, Sambon A, Vivegnis D, et al. 'SFDG-PET for the assessment of

primary head and neck tumors: clinical, computed tomography, and histopath-
ological correlation in 38 patients. Laryngoscope. 1998;108:1578—1583.

. Goerres GW, Schmid DT, Gratz KW, von Schulthess GK, Eyrich GK. Impact

of whole body positron emission tomography on initial staging and therapy in
patients with squamous cell carcinoma of the oral cavity. Oral Oncol. 2003;39:
547-551.

. Schmid DT, Stoeckli SJ, Bandhauer F, et al. Impact of positron emission

tomography on the initial staging and therapy in locoregional advanced
squamous cell carcinoma of the head and neck. Laryngoscope. 2003;113:888—
891.

. Di Martino E, Nowak B, Hassan HA, et al. Diagnosis and staging of head and

neck cancer: a comparison of modern imaging modalities (positron emission
tomography, computed tomography, color-coded duplex sonography) with
panendoscopic and histopathologic findings. Arch Otolaryngol Head Neck Surg.
2000;126:1457-1461.

. Schwartz DL, Rajendran J, Yueh B, et al. Staging of head and neck squamous

cell cancer with extended-field FDG-PET. Arch Otolaryngol Head Neck Surg.
2003;129:1173-1178.

. Adams S, Baum RP, Stuckensen T, Bitter K, Hor G. Prospective comparison

of F-FDG PET with conventional imaging modalities (CT, MRI, US) in
lymph node staging of head and neck cancer. Eur J Nucl Med. 1998;25:1255—
1260.

. Schoder H, Yeung HW. Positron emission imaging of head and neck cancer,

including thyroid carcinoma. Semin Nucl Med. 2004;34:180-197.

. Dammann F, Horger M, Mueller-Berg M, et al. Rational diagnosis of squamous

cell carcinoma of the head and neck region: comparative evaluation of CT, MRI,
and 'SFDG PET. AJR. 2005;184:1326-1331.

. Teknos TN, Rosenthal EL, Lee D, Taylor R, Marn CS. Positron emission

tomography in the evaluation of stage III and IV head and neck cancer. Head
Neck. 2001;23:1056-1060.

. Wax MK, Myers LL, Gabalski EC, Husain S, Gona JM, Nabi H. Positron

emission tomography in the evaluation of synchronous lung lesions in patients
with untreated head and neck cancer. Arch Otolaryngol Head Neck Surg. 2002;
128:703-707.

. Keyes JW Jr, Chen MY, Watson NE Jr, Greven KM, McGuirt WF, Williams DW

III. FDG PET evaluation of head and neck cancer: value of imaging the thorax.
Head Neck. 2000;22:105-110.

. Perlow A, Bui C, Shreve P, Sundgren PC, Teknos TN, Mukherji SK. High

incidence of chest malignancy detected by FDG PET in patients suspected of
recurrent squamous cell carcinoma of the upper aerodigestive tract. J Comput
Assist Tomogr. 2004;28:704-709.

. Nemzek WR, Hecht S, Gandour-Edwards R, Donald P, McKennan K. Perineural

spread of head and neck tumors: how accurate is MR imaging? AJNR. 1998;
19:701-706.

Alberico RA, Husain SH, Sirotkin I. Imaging in head and neck oncology. Surg
Oncol Clin N Am. 2004;13:13-35.

Hyde NC, Prvulovich E, Newman L, Waddington WA, Visvikis D, Ell P. A new
approach to pre-treatment assessment of the NO neck in oral squamous cell
carcinoma: the role of sentinel node biopsy and positron emission tomography.
Oral Oncol. 2003;39:350-360.

Stoeckli SJ, Steinert H, Pfaltz M, Schmid S. Is there a role for positron emission
tomography with '®F-fluorodeoxyglucose in the initial staging of nodal negative
oral and oropharyngeal squamous cell carcinoma. Head Neck. 2002;24:
345-349.

Schoder H, Carlson DL, Kraus DH, et al. '8F-FDG PET/CT for detecting nodal
metastases in patients with oral cancer staged NO by clinical examination and
CT/MRI. J Nucl Med. 2006;47:755-762.

Jereczek-Fossa BA, Jassem J, Orecchia R. Cervical lymph node metastases of
squamous cell carcinoma from an unknown primary. Cancer Treat Rev. 2004;30:
153-164.

25.

26.

217.

28.

29.

30.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

44,

45.

46.

47.

48.

49.

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 48 ¢ No

Aassar OS, Fischbein NJ, Caputo GR, et al. Metastatic head and neck cancer:
role and usefulness of FDG PET in locating occult primary tumors. Radiology.
1999;210:177-181.

Menda Y, Graham MM. Update on '8F-fluorodeoxyglucose/positron emission
tomography and positron emission tomography/computed tomography imaging
of squamous head and neck cancers. Semin Nucl Med. 2005;35:214-219.
Bronstein AD, Nyberg DA, Schwartz AN, Shuman WP, Griffin BR. Soft-
tissue changes after head and neck radiation: CT findings. AJNR. 1989;10:
171-175.

Laubenbacher C, Saumweber D, Wagner-Manslau C, et al. Comparison of
fluorine-18-fluorodeoxyglucose PET, MRI and endoscopy for staging head and
neck squamous-cell carcinomas. J Nucl Med. 1995;36:1747-1757.

Goerres GW, Von Schulthess GK, Hany TF. Positron emission tomography and
PET CT of the head and neck: FDG uptake in normal anatomy, in benign lesions,
and in changes resulting from treatment. AJR. 2002;179:1337-1343.

Kitagawa Y, Nishizawa S, Sano K, et al. Prospective comparison of '8F-FDG
PET with conventional imaging modalities (MRI, CT, and ®’Ga scintigraphy) in
assessment of combined intraarterial chemotherapy and radiotherapy for head
and neck carcinoma. J Nucl Med. 2003;44:198-206.

. Dalsaso TA, Lowe VJ, Dunphy FR, Martin DS, Boyd JH, Stack BC. FDG-PET
and CT in evaluation of chemotherapy in advanced head and neck cancer. Clin
Positron Imaging. 2000;3:1-5.

Andrade RS, Heron DE, Degirmenci B, et al. Posttreatment assessment of
response using FDG-PET/CT for patients treated with definitive radiation ther-
apy for head and neck cancers. Int J Radiat Oncol Biol Phys. 2006;65:1315—
1322.

Klabbers BM, Lammertsma AA, Slotman BJ. The value of positron emission
tomography for monitoring response to radiotherapy in head and neck cancer.
Mol Imaging Biol. 2003;5:257-270.

Goerres GW, Schmid DT, Bandhauer F, et al. Positron emission tomography in
the early follow-up of advanced head and neck cancer. Arch Otolaryngol Head
Neck Surg. 2004;130:105-109.

Ryan WR, Fee WE Jr, Le QT, Pinto HA. Positron-emission tomography for
surveillance of head and neck cancer. Laryngoscope. 2005;115:645-650.
Porceddu SV, Jarmolowski E, Hicks RJ, et al. Utility of positron emission
tomography for the detection of disease in residual neck nodes after (chemo)-
radiotherapy in head and neck cancer. Head Neck. 2005;27:175-181.

Lonneux M, Lawson G, Ide C, Bausart R, Remacle M, Pauwels S. Positron
emission tomography with fluorodeoxyglucose for suspected head and neck tumor
recurrence in the symptomatic patient. Laryngoscope. 2000;110:1493—1497.
Greven KM, Williams DW III, McGuirt WF Sr, et al. Serial positron emission
tomography scans following radiation therapy of patients with head and neck
cancer. Head Neck. 2001;23:942-946.

Fischbein NJ, Aassar OS, Caputo GR, et al. Clinical utility of positron emission
tomography with 'F-fluorodeoxyglucose in detecting residual/recurrent squa-
mous cell carcinoma of the head and neck. AJNR. 1998;19:1189-1196.

Li P, Zhuang H, Mozley PD, et al. Evaluation of recurrent squamous cell
carcinoma of the head and neck with FDG positron emission tomography. Clin
Nucl Med. 2001;26:131-135.

Lowe VIJ, Boyd JH, Dunphy FR, et al. Surveillance for recurrent head and
neck cancer using positron emission tomography. J Clin Oncol. 2000;18:
651-658.

Hanasono MM, Kunda LD, Segall GM, Ku GH, Terris DJ. Uses and limitations
of FDG positron emission tomography in patients with head and neck cancer.
Laryngoscope. 1999;109:880-885.

3. Stokkel MP, Terhaard CH, Hordijk GJ, van Rijk PP. The detection of local

recurrent head and neck cancer with fluorine-18 fluorodeoxyglucose dual-head
positron emission tomography. Eur J Nucl Med. 1999;26:767-773.

Terhaard CH, Bongers V, van Rijk PP, Hordijk GJ. F-18-Fluoro-deoxy-glucose
positron-emission tomography scanning in detection of local recurrence after
radiotherapy for laryngeal/pharyngeal cancer. Head Neck. 2001;23:933-941.
Wong RJ, Lin DT, Schoder H, et al. Diagnostic and prognostic value of
[(18)F]fluorodeoxyglucose positron emission tomography for recurrent head and
neck squamous cell carcinoma. J Clin Oncol. 2002;20:4199-4208.

Ciernik IF, Dizendorf E, Baumert BG, et al. Radiation treatment planning with
an integrated positron emission and computer tomography (PET/CT): a feasi-
bility study. Int J Radiat Oncol Biol Phys. 2003;57:853-863.

Heron DE, Andrade RS, Flickinger J, et al. Hybrid PET-CT simulation for
radiation treatment planning in head-and-neck cancers: a brief technical report.
Int J Radiat Oncol Biol Phys. 2004;60:1419-1424.

Davies L, Welch HG. Increasing incidence of thyroid cancer in the United States,
1973-2002. JAMA. 2006;295:2164-2167.

Yasuda S, Shohtsu A, Ide M, et al. Chronic thyroiditis: diffuse uptake of FDG at
PET. Radiology. 1998;207:775-778.

. 1 (Suppl) ¢ January 2007



50.

=}

51.

52.

53.

54.

55.

Choi JY, Lee KS, Kim HJ, et al. Focal thyroid lesions incidentally identified by
integrated '8F-FDG PET/CT: clinical significance and improved characteriza-
tion. J Nucl Med. 2006;47:609-615.

Cooper DS, Doherty GM, Haugen BR, et al. Management guidelines for patients
with thyroid nodules and differentiated thyroid cancer. Thyroid. 2006;16:
109-142.

Mazzaferri EL, Massoll N. Management of papillary and follicular (differen-
tiated) thyroid cancer: new paradigms using recombinant human thyrotropin.
Endocr Relat Cancer. 2002;9:227-247.

Schlumberger M, Berg G, Cohen O, et al. Follow-up of low-risk patients with
differentiated thyroid carcinoma: a European perspective. Eur J Endocrinol.
2004;150:105-112.

Mazzaferri EL, Robbins RJ, Spencer CA, et al. A consensus report of the
role of serum thyroglobulin as a monitoring method for low-risk patients
with papillary thyroid carcinoma. J Clin Endocrinol Metab. 2003;88:1433—
1441.

Pineda JD, Lee T, Ain K, Reynolds JC, Robbins J. Iodine-131 therapy for thyroid
cancer patients with elevated thyroglobulin and negative diagnostic scan. J Clin
Endocrinol Metab. 1995;80:1488—-1492.

56.

57.

58.

59.

61.

62.

Schlumberger M, Mancusi F, Baudin E, Pacini F. '3'I therapy for elevated
thyroglobulin levels. Thyroid. 1997;7:273-276.

McDougall IR, Davidson J, Segall GM. Positron emission tomography of
the thyroid, with an emphasis on thyroid cancer. Nucl Med Commun. 2001;22:
485-492.

Karwowski JK, Jeffrey RB, McDougall IR, Weigel RJ. Intraoperative ultraso-
nography improves identification of recurrent thyroid cancer. Surgery. 2002;132:
924-928.

Fatourechi V, Hay ID. Treating the patient with differentiated thyroid cancer with
thyroglobulin-positive iodine-131 diagnostic scan-negative metastases: including
comments on the role of serum thyroglobulin monitoring in tumor surveillance.
Semin Nucl Med. 2000;30:107-114.

. McDougall IR. Management of Thyroid Cancer and Related Nodular Disease of

the Thyroid. London, England: Springer-Verlag; 2006.

Diehl M, Risse JH, Brandt-Mainz K, et al. Fluorine-18 fluorodeoxyglucose
positron emission tomography in medullary thyroid cancer: results of a
multicentre study. Eur J Nucl Med. 2001;28:1671-1676.

Szakall S Jr, Esik O, Bajzik G, et al. IBE_.FDG PET detection of lymph
node metastases in medullary thyroid carcinoma. J Nucl Med. 2002;43:66-71.

Heap AND NEck CArRcINOMA ¢ Quon et al. 67S



