PET Imaging in Differentiated Thyroid Cancer: Where Does It
Fit and How Do We Use It?

ABSTRACT

Positron emission tomography (PET) is a rapidly evolving imaging modality
that has gained widespread acceptance in oncology, with several radionuclides
applicable to thyroid cancer. Thyroid cancer patients have been studied most
commonly using '8F-Fluorodeoxyglucose (FDG)-PET, with perhaps the greatest
utility being the potential localization of tumor in differentiated thyroid cancer
(DTC) patients who are radioiodine whole body scan (WBS) negative and thy-
roglobulin (Tg) positive. Also of value is the identification of patients unlikely
to benefit from additional 131| therapy and identification of patients at highest
risk of disease-specific mortality, which may prompt more aggressive therapy
or enrollment in clinical trials. Emerging data suggest that PET/CT fusion stud-
ies provide increased accuracy and modify the treatment plan in a significant
number of DTC cases when compared to PET images alone. However, studies
documenting improvements in survival and tumor recurrence attributable to
FDG-PET imaging in thyroid cancer patients are lacking. Specific case exam-
ples of thyroid cancer patients who appear to have benefited from FDG-PET
imaging do exist, while less data are available in the setting of anaplastic or
medullary thyroid carcinoma. This article reviews the utility and limitations of
FDG-PET in DTC management, and offers practical recommendations. (Arq
Bras Endocrinol Metab 2007;51/5:793-805)

Keywords: Fluorodeoxyglucose '8F; Positron-emission tomography; Thyroid
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RESUMO

Imagem por PET no Cancer Diferenciado de Tiréide: Onde Ele se
Encaixa e Como Usa-lo?

Positron emission tomography (PET) é uma modalidade de imagem que vem
evoluindo rapidamente e tem ganho ampla aceitacao na oncologia em geral e no
cancer da tirdide em particular, gragas a uma série de radionuclideos. Pacientes
com doengas da tiréide tém sido estudados principalmente com 18F-
Fluorodeoxiglicose (FDG)-PET, cuja maior utilidade talvez seja a de poder localizar
tumor em pacientes negativos na pesquisa de corpo inteiro e com tireoglobulina
positiva. Também é util na identificagdo de pacientes que nao devem se beneficiar
de terapia adicional com 31| e de pacientes de alto risco que podem se beneficiar
de terapias mais agressivas ou testes clinicos com drogas alvo-dirigidas. Dados
recentes sugerem que a fusao PET/CT aumenta a acuracia e modifica o plano
terapéutico de um numero significativo de casos de CDT comparada com as
imagens de PET apenas. Entretanto, ainda ndo existem estudos que documentem
melhora na sobrevida e na recorréncia decorrentes da imagem por FDG-PET em
pacientes com cancer da tiréide. Existem exemplos especificos de casos de CDT
qgue aparentemente se beneficiaram do FDG-PET, mas hd menos dados relativos
ao carcinoma anaplasico ou ao medular. Este artigo revé a utilidade e as
limitagoes do FDG-PET no tratamento do CDT e oferece recomendacées praticas.
(Arq Bras Endocrinol Metab 2007;51/5:793-805)

Descritores: Fluorodeoxiglicose 18F; Positron-emission tomography (PET);
Cancer da tirdide; Carcinoma folicular; Nédulos da tirdide; Tiroide
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POSITRON EMISSION TOMOGRAPHY (PET) is an
increasingly utilized imaging modality for oncology.
Nuclear medicine has been re-invigorated with this new
technology, and PET has reminded radiologists that
molecular imaging is important. Indeed, use of FDG-
PET for cancer screening among the asymptomatic
population is not uncommon, with discovery of unsus-
pected malignancy in up to 3.2% (1). Nearly all manu-
facturers of nuclear medicine equipment are focused in
PET technology; advancing image quality, resolution,
speed, and fusion with CT images. Instrumentation fea-
tures and advertising that appeal to patients, including
“open” imaging systems, are beginning to emerge in an
increasingly competitive market. Meanwhile, experts
have cautioned that the new dual-modality PET/CT
has become readily accepted in practice despite often
limited experience and sparse but growing evidence of
true effectiveness (2).

WHAT IS POSITRON EMISSION
TOMOGRAPHY (PET)?

PET utilizes a ring detector system for coincidence
detections of 511 keV photons emitted from positron
emitting radionuclides. Images are then reconstructed
in three dimensions using reconstruction algorithms,
with or without attenuation correction. The most
common positron-emitting radioisotopes applicable to
thyroid cancer are fluorine-18 (18F; half-life 110 min-
utes) and iodine-124 (124]; half-life 4.2 days). Using
these radioisotopes; 18E-flourodeoxyglucose, sodium
18F-fluoride, 18F-dihyroxyphenylalanine (18F-DOPA),
and 124] have each been used in thyroid cancer imag-
ing to varying degrees.

Positrons originate when a proton rich nucleus of
an unstable parent compound decays, converting the
proton to a neutron and emitting a positron (a positive-
ly charged electron) and a neutrino out of the nucleus.
The positron travels a short distance until it combines
with an electron and is annihilated. This annihilation
event always produces two “anti-parallel” 511 keV pho-
tons, so named because they travel in exactly opposite
directions from each other along a straight line known
as the “line of response”. The nearly simultaneous, or
“coincidental”, interaction of these photons with the
ring of detectors in the PET scanner can be identified by
electronic circuitry. The registration of the desired coin-
cidental signals is known as a “true coincidence” event.
An erroneous “scattered coincidence” occurs if one or
both of the photons is scattered, which results in their
lines of travel no longer being anti-parallel. Connecting
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a line between their points of impact with the detectors
creates a false line of response. An erroneous “random
coincidence” occurs when more than 2 photons from
separate annihilation events impact the detectors coinci-
dentally so that it is difficult to tell which photon pairs
were anti-parallel. If a line of response is drawn between
two random photon impacts an error is generated.

The processes involved in detecting true events,
correcting for scattered and random events, and cor-
rection for tissue attenuation are highly complicated.
Costs rise dramatically with increasingly advanced
technology to address these problems. At the lower
end of this technology is traditional nuclear medicine
single photon emission computed tomography
(SPECT) equipment configured with ultra-high ener-
gy collimators, and modified systems that replace the
traditional multi-head crystals and collimators with
multi-head coincidence imaging circuitry and PET
detectors operated on the same conventional gantry.
These systems may cost $0.6—0.8 million US dollars,
and yield the best results in low attenuation tissues like
lung and are less sensitive for smaller lesions (< 15
mm). Despite some favorable support for these non-
dedicated PET systems in thyroid cancer (3,4), they
are not reimbursed by the CMS for thyroid cancer
imaging (5). Instead, the CMS requires higher-end
dedicated PET technology equipped with full or par-
tial ring detectors for thyroid cancer imaging (5).
These instruments typically cost $1-2.5 million US.

WHAT INFORMATION DOES A PET SCAN
PROVIDE?

PET provides a quantitative depiction of radionuclide
uptake throughout the entire body by obtaining an
emission scan for imaging and transmission scan, tra-
ditionally with ¢8Ge rods, for attenuation correction.
Each bed position covers an axial field of view of
approximately 15-18 c¢m, producing approximately 63
image planes with about 3.1 mm between planes
(6,7). Patients are most commonly imaged from the
base of the skull to the mid-thigh covering 6-8 bed
positions and taking about 45-60 minutes to complete
(6). The acquisition time has been reduced to approx-
imately 20-30 minutes with the newer combined
PET/CT imaging technology. The attenuation cor-
rected images are reconstructed using complex algo-
rithms and are displayed in coronal, axial, and sagital
planes. The data are also routinely assimilated into a 3
dimensional maximum intensity projection set of
images that can be rotated by the physician as desired.
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Image resolution from a point source in a phantom is
about 4-6 mm with the most advanced human scan-
ners (6), while 7-9 mm is typical of older scanners
(8,9). Error in the measurement of volumes of spheres
with diameters of 10 mm or > 13 mm are about 50%
and < 20%, respectively (8). PET images can be co-
registered with CT or MR images by side-by-side
interpretation (the physician’s own “visual fusion”), or
by software or (incomplete) hardware fusion to com-
bine functional with structural imaging to optimize
lesion localization (6,10). Fusion (co-registration) of
images has the potential to increase the accuracy of
scan interpretation by localizing disease to suspicious
structures while simultancously identifying benign
causes of FDG uptake such as muscle, adipose tissue,
thymus, vocal cords [with or without paralysis (11)]
and arthritis. Increasingly common is the utilization of
combined hardware fusion CT/PET devices that
enhance and simplify this process at a single setting
with greater speed (6). Palmedo et al. (12) studied
DTC patients and reported the accuracy of PET, side-
by-side PET and CT, and hardware fused PET/CT as
78%, 85%, and 93%, respectively. The addition of
PET /CT fusion by co-registration led to a change in
therapy in 48% of patients, and futile surgery was pre-
vented in an additional 8%. Similarly, Zoller et al. (13)
reported that PET /CT fusion modified the final inter-
pretation in 77%, and changed the treatment plan in
23% of WBS negative, Tg positive DTC patients. With
PET /CT units, the CT data may be used for attenua-
tion correction, thus eliminating the ¢8Ge transmission
scan with superior results in a small fraction of the
time. Algorithms to account for serious attenuation
correction “hotspot” artifacts from CT oral contrast,
metallic implants (including dental), and prostheses
that specifically occur when CT data is utilized for
attenuation correction are emerging, while intra-
venous contrast appears to cause minimal hotspot arti-
fact problems (6,14). Currently, these errors may be
suspected by reviewing both the attenuation corrected
and uncorrected PET images when CT-based attenu-
ation correction is used.

The first PET/CT prototype was introduced in
1998. Today, several equipment generations later,
these rapidly improving PET /CT systems account for
the majority of PET image system sales. Recent devel-
opments, including 3-dimensional acquisition capabili-
ties and lutetium oxyorthosilicate (LSO) detectors,
may reduce image acquisition times to less than 10
minutes (2,6). Soon, it may take longer to interpret
and dictate the images than to acquire them. With
most PET /CT units, images can be viewed in 3 differ-

Arq Bras Endocrinol Metab 2007;51/5

ent formats: without attenuation correction, with 68Ge
or CT attenuation correction and attenuation correct-
ed images fused with CT. Despite the gains in speed
and anatomic co-localization, errors have been report-
ed in 2% of PET/CT studies when CT is used for
either attenuation correction or fusion. These errors
occur mostly when true liver dome lesions are mislo-
calized to the right lung base likely due to respiratory
motion differences between imaging methodologies
(15). Future methodologies that incorporate respirato-
ry gating may minimize these artifacts (6,10). Howev-
er, the total minimal theoretical error of PET/CT
fusion localization may be 10 mm in all directions, and
may be twice that in the diaphragmatic area (10).
Fusion of 131I-SPECT and CT or MR images may also
offer improved lesion localization. This practice has not
been widely adopted (16), however appreciation and
availability of this technology may rise as a byproduct
of the PET-CT fusion development. PET-CT has
increased the familiarity of Nuclear Medicine Physi-
cians with CT anatomic imaging and reduced the cost
of SPECT-CT imaging equipment. These later units
may increasingly replace traditional stand-alone SPECT
equipment in Nuclear Medicine Departments.

Besides images, PET also offers quantification
of radionuclide uptake, which most often is described
by the standardized uptake value (SUV). SUV= mean
activity within a region of interest/(decay corrected
total administered activity/body weight). This quan-
tification is useful, but not a panacea and must be
interpreted in both the clinical context and the
methodology limitations (17). An SUV above about
2.0-2.5 is often regarded as suspicious for malignancy,
while lesions with lower values are more likely to be
benign (18-20). However, elevated SUV values can
also be demonstrated with some benign processes,
infection, or inflammation (21). Conversely, knowing
that some malignancies are slow growing and have
slow rates of glucose metabolism, it is not surprising
that some malignancies have SUV values below
2.0-2.5 (22). The SUV value can be followed over
time to monitor response to treatment such as exter-
nal beam radiation therapy, or chemotherapy. Howev-
er, comparing SUV values between different reports,
equipment, PET centers, and methodologies is prob-
lematic given the many influential variables including
the timing of imaging after radionuclide administra-
tion; and other acquisition, reconstruction, and
region-of-interest parameters. Therefore, it is impor-
tant when assessing response to therapy to acquire
images on the same scanner with the same dose and
the same time from injection to scan.
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WHAT IS FDG?

FDG is a glucose molecule which has been altered by
removing the second hydroxyl group and replacing it
with the cyclotron produced radioisotope 18-fluorine
(18F) to make 2-deoxy-2-[!8F]fluorodeoxyglucose
(FDQG). After production, FDG is tested for sterility,
pyrogenicity and radiochemical purity before clinical
use. Patients are allowed to drink water, but otherwise
are fasted for at least 4-8 hours to minimize competi-
tive inhibition of FDG uptake by blood glucose, and
imaging typically occurs about 60-90 minutes after
intravenous FDG injection (7,9). Serum glucose
should be less than 200 mg/dl in patients with dia-
betes mellitus and insulin should not be administered
within 2 hours of the FDG injection (7). Both glucose
and FDG are transported from the vasculature into
cells by glucose transporters (Glut), and are then phos-
phorylated by hexokinase. A glucose molecule is then
converted to fructose, then to pyruvate, and then final-
ly enters into the citric acid cycle or is metabolized by
anaerobic respiration. Differently, the phosphorylated
FDG molecule (13FDG-6-phosphate) cannot be fur-
ther metabolized and accumulates in the cell in pro-
portion to glucose utilization, allowing for PET imag-
ing of hypermetabolic tissues.

Normal tissues that significantly accumulate
FDG include the brain and heart, with moderate
uptake in the liver, the mediastinum, and large vessels.
FDG that is not accumulated intracellularly is excreted
by the kidneys and is seen in the bladder and renal col-
lecting system. Active muscles readily accumulate
EDG. Efforts should be made to prevent shivering,
chewing, or speaking in order to avoid increased neck
uptake or vocal cord activity, which may be mistaken
for disease.

Table 1. Thyroid incidentalomas with FDG-PET.

FDG-PET THYROID INCIDENTALOMAS

As with all previous imaging advancements, “inciden-
talomas” of endocrine organs are being identified,
including those of the thyroid. Focal FDG-PET thyroid
incidentalomas are now identified in ~2% of patients
and, notably, about one-third of those with histological
diagnoses have proven to be thyroid cancer (table 1)
(23-26). Only speculation exists as to why so many inci-
dental thyroid carcinomas are FDG-avid, and yet the
minority of DTC patients with metastatic disease are
FDG-avid unless the serum Tg is significantly elevated.
Perhaps this is related to the volume of the individual
lesions. Some have reported that the maximum SUV of
incidental thyroid hypermetabolic foci did not differen-
tiate between benign and malignant lesions (24,27,28),
while others have found the SUV to be helpful (26,29).
Diftuse thyroid uptake, as opposed to focal uptake, was
reported by Kim et al. in 1.1% of oncology patients who
underwent FDG-PET imaging (24). This finding is
most often associated with autoimmune thyroid disease,
or a normal variant (24,30).

FDG-PET IN THYROID NODULES

Most non-toxic thyroid nodules are benign, and are
best evaluated with a fine-needle aspiration biopsy
which is diagnostic in the majority of cases and highly
accurate (31). However, up to 20% of cases are incon-
clusive, such as when there is suspicion of a follicular
neoplasm. Currently, most of these cases require
surgery to exclude carcinoma, which is present in less
than 20% of cases. While investigational molecular
diagnostic testing to better characterize these lesions is
promising, these methodologies are not currently

Reference # of Study indication
subjects
25 1,912 Other cancer
24 4,136 Other cancer
26 4,803 Healthy screening
23 1,330 Other cancer &
healthy screening
29 1763 Other cancer &
healthy screening
28 140 Lung cancer
AVERAGE

% of subjects with
focal thyroid

% of focal thyroid
lesions proven

lesions malignant
1.5% 50%
1.1% 50%
1.2% 14%
2.2% 27%
4.0% 37%
4.3% 57%
2.4% 39%
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available (32). Geus-Oei et al. studied 44 consecutive
patients with inclusive FNA results with FDG-PET
who then underwent surgery (33). Interestingly, all 6
patients with DTC had a positive pre-operative FDG-
PET scan, compared to only 13 of the 38 patients with
benign pathology. The SUV value was not helpful
towards distinguishing benign from malignant pathol-
ogy. These authors propose that if surgery were done
only on patients with inconclusive cytology and a pos-
itive PET scan, then unnecessary surgery would be
reduced by 66%. The value of this approach depends
critically on a high negative predictive value of the
FDG-PET scan. Unfortunately, Mitchell et al. (34)
reported that only 9 of 15 thyroid carcinomas were
FDG-PET positive (sensitivity 60%), while 30 of 33
benign lesions were FDG-PET negative (specificity
91%), for an overall negative predictive value of only
83%. Most recently, Kim et al. (35) investigated 46
follicular neoplasms with FDG-PET. All lesions were
PET positive compared to normal thyroid tissue while
21 of the 36 operated lesions were benign and SUV .,
did not differentiate benign from malignant nodules.
The authors concluded that FDG-PET was of limited
value in selecting patients for surgery.

FDG-PET IN THYROID CANCER

Since the first positive report of FDG-PET in thyroid
cancer, in 1987 (36), a number of specific potential
uses of PET have been considered in thyroidology
(table 2). To date, the greatest attention has been paid
to DTC patients that are WBS negative and Tg posi-
tive. A combination of developments has contributed
to the currently rising interest in FDG-PET for thy-
roid carcinoma imaging. First, improved thyroglobulin
assays have made it clear that a substantial fraction of
DTC patients have residual disease after initial surgery
and radioiodine administration (37). In the past, with
less robust assays, these patients were typically consid-
ered free of disease only to demonstrate disease recur-
rence years or even decades later (37). Second, it has
become equally clear that the majority of patients with
persistent disease have negative diagnostic radioiodine
WBS (38,39). Third, it has been demonstrated that
thyroid carcinomas with low iodine avidity tend to
have higher glucose metabolism and are more likely
positive on FDG-PET scans (a marker of tumor dedif-
ferentiation), while those tumors that concentrate
radioiodine well are unlikely to yield positive FDG-
PET scans (40). When used together, radioiodine
imaging and FDG-PET were reportedly 95% sensitivi-
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ty for the detection of residual DTC (40), although
this may be an overestimate. Fourth, greater attention
has been paid to thyroid cancer mortality, in part
because it has the highest mortality of the traditional
endocrine tumors (despite the fairly small total num-
ber of annual deaths), and because new pharmaceuti-
cals are being developed that preliminarily demon-
strate promise in treating these tumors which have
proven refractory to traditional chemotherapy.
Because of this, attempts to identify patients at highest
risk of death and to localize their disease with FDG-
PET have been made. Consistent with FDG uptake
being a marker of more aggressive tumor dedifferenti-
ation, Wang et al., from the Memorial Sloan Kettering
Cancer Center (MSKCC), found the 3-year survival of
patients with FDG-avid tumor metastases volumes of
125 mL or less was 96% compared to 18% in patients
with FDG tumor volumes greater than 125 mL (41).
Similarly, Pryma et al. (42) have reported that each
increase in intensity by SUV_ . unit was associated
with a 6% increase in mortality among patients with
Hiirthle cell carcinoma (HTC). The 5-year overall sur-
vival in patients with SUV,,, < 10 was 92%, whereas it
declined to 64% in those with SUV .. > 10. Most
recently, the MSKCC group expanded their series to
include 400 thyroid cancer patients who underwent
FDG-PET imaging (43). Multivariate analysis includ-
ed age at imaging, AJCC stage, histopathology, gen-
der, serum Tg during TSH suppression, radioiodine

Table 2. Potential indications for PET scanning in thyroid
cancer. [Adapted from Larson and Robbins (82)]

Strongest Indications for PET Imaging

Thyroglobulin positive with unknown tumor location.
High-risk patients to determine the extent of disease
(including those with known metastatic disease who may
have additional metastases).

To determine long-term prognosis.

Post-treatment response assessment.

Hdrthle cell carcinoma evaluation and management (42,49,50).
Selection of patients with aggressive distant metastases for
experimental therapies.

Weaker Indications for PET Imaging

Low-risk patients to determine extent of disease.

Known metastases to determine their extent and relation-
ship to vital structures.

Lesional dosimetry (124l; half-life ~4 days) allowing both
scatter and attenuation correction (83,84).

Evaluation of the thyroid nodule [table 1 and reference 85].
Evaluation of thyroid nodules with inconclusive FNA cytol-
ogy (33,35).
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avidity, FDG avidity, number of FDG avid lesions, and
site of metastases. The results indicated that only age,
FDG avidity, number of FDG lesions, and SUV, .,
were significant predictors of survival. The median sur-
vival for FDG-positive patients was 53 months after
the PET scan, compared to only 2 deaths from the
180 FDG-negative patients. Finally, PET imaging is
increasingly available to referring physicians, and the
United States Centers of Medicare & Medicaid Ser-
vices (CMS) has recently relaxed FDG-PET reim-
bursement restrictions for imaging of DTC patients
and private insurance companies have increasingly pro-
vided coverage as well.

HOW ACCURATE IS FDG-PET IMAGING IN
PATIENTS WITH THYROID CARCINOMA?

A number of alternative radiopharmaceuticals have been
tried to identify DTC metastases, especially when
radioiodine fails. These radiopharmaceuticals have
included 201T1, 99mTc-sestamibi, 99mTc-tetrofosmin,
99mTc-depreotide, and 111In-octreotide which, at times,
have been uniquely helpful (44). However, these alter-
native imaging agents have typically been less useful
than FDG (45,46). The same was true when FDG was
compared to 9“mTc-methylene diphosphonate bone
scintigraphy for osseous metastases (47).

Hooft et al. (48) performed a systematic review
of the PET literature in papillary (PTC) or follicular
thyroid cancer (FTC). Fourteen studies met criteria
for study inclusion, and all claimed a beneficial role for
FDG-PET but at evidence levels of 3 or 4 with 4 being
the lowest quality. They reported considerable
methodological problems in the studies and 50% of
the criteria to establish internal validity were not met.
FDG-PET sensitivity was reported as 70-95%, and
specificity as 77-100%, although it was suspected that
these were overestimated. An additional literature
review reported the median sensitivity and specificity as
77% and 78%, respectively (7), although FDG-PET may
be more robust for HTC as opposed to PTC and FTC
(42,49,50). Hooft et al. concluded their 2001 report by
stating that studies supported the use of FDG-PET to
find foci of disease in 1311 WBS negative, Tg positive
patients, but that the implementation of FDG-PET into
a routine algorithm required additional evidence (48).

Nahas et al. evaluated 33 DTC patients with sus-
pected recurrent DTC using PET/CT. PET/CT sensi-
tivity was 66%, and altered the treatment plan in 40%
(51). Outcome data of operated patients were not
reported. Studies such as this are encouraging as they
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demonstrate reasonable tumor detection accuracy and a
contribution to treatment planning. However, most
available studies provide little conclusive information to
decide if the patient’s long-term morbidity or mortality
is really changed by the FDG-PET findings. The num-
ber of patients cured of disease because of the FDG-
PET scan is typically not clearly reported, but is likely to
be low if stringent criteria are used to declare patients
free of disease. Finally, for those patients potentially ren-
dered free of disease, it is often unclear if this outcome
could have been achieved with more cost-effective
modalities such as neck US and chest CT.

FDG-PET SCANS ARE MORE LIKELY TO BE POSITIVE
WHEN THE THYROGLOBULIN VALUE IS HIGH

Schliiter et al. (52) performed 118 FDG-PET scans in
64 patients of whom 48 had WBS negative, Tg positive
disease. True positive studies were found in 11%, 50%,
80%, 63%, and 93% of those with Tg < 10, 10-20,
20-50, 50-100, and > 100 ng/ml, respectively (with or
without TSH stimulation) (figure 1). Zimmer et al.
(53) reported that their patients with positive FDG-
PET scans had an average Tg of 293 ng/ml (range
26-747), while those with negative scans had an aver-
age Tg of 30 ng/ml (range 3-44). Several additional
studies also reported higher sensitivity in patients with
Tg levels > 10 or 15 ng/ml (3,51,54,55). Shammas et
al. (56) also found a correlation between the rate of pos-
itive scans with PET/CT and the serum Tg with a more
encouraging rate of detection at lower Tg levels. They
reported positive PET/CT images in 14%, 45%, and
62% of patients with Tg levels less than 5, 5-10, and >
10 ng/mlL, respectively, which changed clinical man-
agement in 44% of patients. Collectively, however, these
findings are disappointing in light of recent data sug-
gesting that aggressive detection and surgical resection
of metastatic disease can biochemically cure just over
10% of patients whose serum Tg is detectable during
TSH suppression, a rate that rises to about one-third if
the Tg is only detectable during TSH stimulation (Al-
Saif O, Farrar WB, Bloomston M, Ringel MD, Kloos
RT. manuscript in preparation).

FDG-PET SCANS ARE IMPROVED BY
THYROID HORMONE WITHDRAWAL

In 1993, Sisson et al. (57) reported a patient with pul-

monary metastases from PTC that had greater FDG
uptake during hypothyroidism compared to the uptake
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Figure 1. Thyroglobulin level correlates with FDG-PET sen-
sitivity. Figure derived from Schliter et al. (52).

during TSH suppression. Over the subsequent years
conflicting reports have been published regarding the
benefit of FDG-PET imaging during TSH stimulation
with hypothyroidism. In a 2000 invited commentary,
Griinwald and Biersack (58) concluded that “taking all
these reports together, a clear recommendation con-
cerning thyroid hormone medication before FDG-PET
is not yet possible.” The following year, Hooft et al.
(48) concluded from their systematic review of the lit-
erature regarding thyroxine withdrawal for FDG-PET
imaging that “the present data are confusing”.

In 2002, Van Tol et al. (59) reported 8 patients
studied sequentially first during TSH suppression and
then during hypothyroidism with mean TSH levels of
0.04 mU/L and 64 mU/L, respectively. FDG-PET
images were abnormal in 4 patients during TSH sup-
pression, abnormal in 5 patients during hypothy-
roidism, and more lesions were identified in 2 patients
during TSH stimulation. All patients demonstrated
better lesion-to-background contrast during thyroxine
withdrawal which probably resulted from both
increased lesion uptake from TSH stimulation, and
decreased background uptake from hypothyroidism
(60). The authors reported that clinical management
was changed in 2 patients based on the TSH stimulat-
ed PET scan findings. Alzahrani et al. (61) studied 50
non-selected DTC patients with FDG-PET during
hypothyroidism and reported sensitivity, specificity,
and positive and negative predictive values of 62%,
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88%, 96%, and 30%, respectively. Taken together,
these studies suggest a possible modest benefit to TSH
stimulated, as opposed to TSH suppressed, FDG-PET
scans to optimize imaging sensitivity which may be
most relevant when the baseline serum Tg is low.

FDG-PET SCANS ARE IMPROVED BY SIMULTA
NEOUS TSH STIMULATION AND
THYROXINE THERAPY

Several glucose transporters (Glut) have been described
that move glucose into cells. Glutl is expressed in aggres-
sive thyroid carcinomas (62-65). TSH stimulation in-
creases glucose metabolism in thyroid cells, and increases
Glutl expression (66-70). Triiodothyronine and levothy-
roxine may increase both Glutl and Glut4 expression
(71-73). These findings suggest that recombinant human
TSH (rhTSH, Thyrogen®) may offer the unique oppor-
tunity to take advantage of both mechanisms by continu-
ing exogenous thyroid hormone replacement/ suppres-
sion and simultaneously providing TSH stimulation.

Petrich et al. (74) investigated 30 patients with
FDG-PET during TSH suppression and again after
rhTSH. During TSH suppression, PET scans were pos-
itive in 30% with identification of 22 tumor-like foci.
After rthTSH, 63% had positive PET scans with 78
tumor-like foci identified (15 of these 78 foci were sub-
sequently confirmed as tumor). The tumor-to-back-
ground ratio (TBR) was increased from 2.5 to 5.5 (P<
0.0001) after rh'TSH. Similarly, the SUV increased from
2.1 to 2.8 (P< 0.001) with rhTSH. Conversely, 4
inflammatory lymph nodes had a TBR of 2.0 and an
SUV of 1.1 that did not significantly increase with
rhTSH. Based on the 15 surgically confirmed lesions,
FDG-PET sensitivity was 53% during TSH suppression
and 87% during rhTSH stimulation. The authors felt
that the rhTSH stimulated FDG-PET scan suggested a
specific therapeutic intervention in 17 patients (57%),
with surgery being indicated in 7 (23%).

Chin et al. studied 7 patients with 1311 DxWBS
negative, Tg positive DTC with FDG-PET combined
with in-line PET-helical CT fusion during TSH sup-
pression and after rhTSH stimulation in a prospective
randomized study (9). Three patients had negative
FDG-PET scans. Three patients had 5 lesions identi-
fied on TSH suppressed PET scans and all of these
lesions were seen on the rhTSH-stimulated PET scans.
Four lesions were seen only on the rhTSH-stimulated
PET scans, including 1 patient who was only positive
on the rhTSH- stimulated PET scan that revealed 3
foci. The maximum lesion to background ratio was 1.7
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and 2.5 during TSH suppression and rhTSH stimula-
tion, respectively (P= 0.02). Similarly, the mean SUV
was 1.8 and 2.0 during TSH suppression and rhTSH
stimulation, respectively (P= 0.06). These data suggest
a possible modest benefit to rhTSH-stimulated FDG-
PET imaging, as opposed to TSH suppressed FDG-
PET imaging, by optimizing scan sensitivity. Impor-
tantly, no studies have directly compared the utility of
FDG-PET scans after thTSH to those stimulated by
thyroid hormone withdrawal.

CENTERS FOR MEDICARE & MEDICAID SERVICES
(CMS) AND FDG-PET FOR THYROID CANCER

The CMS considered and denied FDG-PET coverage
for thyroid cancer on December 15, 2000 (#CAG-
00095N <http://www.cms.gov/mcd>). As a result,
the American Thyroid Association, in cooperation
with The Endocrine Society and the American Associ-
ation of Clinical Endocrinologists (AACE), requested
the issue be revisited and outlined specific patients sce-
narios to be considered.

Under the direction of the CMS, the Agency
for Healthcare Research and Quality performed a
technology assessment. A literature search yielded
1,392 citations, of which 41 considered FDG-PET
and treated thyroid cancer. Twenty-two were elimi-
nated for inadequate sample size. Of the remaining 19
studies, only 2 were prospective studies that included
only WBS negative, Tg positive subjects. Only 1 of
these studies allowed a reliable estimate of test perfor-
mance. The CMS additionally reviewed the
AACE/American Association of Endocrine Surgeons
(AAES) thyroid cancer guidelines, and expert opinion
was heard.

In regards to FDG-PET for WBS negative, Tg
positive patients the CMS was unable to find sufficient
studies to define diagnostic characteristics of FDG-
PET. Studies of FDG-PET altering clinical manage-
ment were not optimal, but trended toward modifying
therapy, and a few studies reported disease cure. The
guidelines reviewed did not critically appraise the evi-
dence, but supported FDG-PET in this setting, as did
the expert opinions. Resultantly, and effective October
1, 2003, the CMS expanded is coverage to include
FDG-PET for WBS negative, Tg positive DTC
patients under very specific circumstances that includ-
ed prior thyroidectomy and radioiodine ablation with
a serum thyroglobulin > 10 ng/ml and negative 1311
whole body scan. The CMS considered and denied
coverage for 1) initial staging post-operatively of thy-
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roid cancers known to concentrate 1311 poorly, 2)
medullary thyroid cancer with an elevated calcitonin
and negative standard imaging, and 3) the identifica-
tion of patients with metastatic thyroid cancer at high-
est risk of death over the following 3 years (41).

In 2005, the CMS eased the restrictions on
PET for a variety of tumors, and announced a new ini-
tiative to provide reimbursement for PET when
patients and physicians participate in high-quality clin-
ical studies or submit information to a National Onco-
logic PET Registry (NOPR). Referring physicians sub-
mit surveys to the database both before and after the
PET scan. Now, all thyroid cancer patients (including
MTC) that do not currently qualify for approved CMS
PET coverage can undergo FDG-PET imaging under
the NOPR program for diagnosis, initial staging, treat-
ment monitoring or for restaging/suspected recur-
rence. The goal of NOPR is to evaluate the effective-
ness of PET for a variety of indications and to deter-
mine if PET has any effect on clinical decisions.

FDG-PET THYROID CANCER IMAGING CAVEATS

Three FDG-PET caveats for thyroid carcinoma are
listed in table 3. The clinician must consider what the
goal of the PET scan is, or its potential impact on the
patient. FDG-PET findings (besides resectable local
disease) that would alter management include lesions
that may benefit from surgical stabilization, external
beam radiation, radiofrequency ablation, ethanol
injection, and /or chemo-embolization. Further, iden-
tification of distant metastatic disease on FDG-PET
imaging may abrogate the need/benefit of surgical
resection of local disease and, therefore, change
patient management. Additionally, a lesion may be
identified that requires no immediate intervention but
the finding does impact their follow-up management
(such as a newly localized small vertebral metastasis
that would be followed by periodic CT examinations).
However, for most patients, the optimal goal of FDG-
PET imaging is to identify surgically resectable lesions
to render the patient free of disease. Therefore, the

Table 3. FDG-PET imaging caveats for thyroid carcinoma.

Get a neck and superior mediastinal neck ultrasound by a
skilled observer before getting a PET scan.

Get a thin cut helical chest CT before getting a PET scan.
Beware of false positive FDG-PET foci. Confirm the lesion by
a second modality if management is dependent upon the
result.
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first FDG-PET caveat is that careful imaging of the
neck should be performed before obtaining an FDG-
PET scan. Regional lymph nodes are the most com-
mon and most treatable site of PTC metastasis. For
most medical centers, the most sensitive test for local
lymph node metastases is skilled ultrasonography (US)
of the neck to include the central compartment, the
lateral compartments and the superior mediastinum.
Neck ultrasound, in the hands of a skilled ultrasonog-
rapher, has the potential to identify malignant lymph
nodes as small as 3—4 mm while lymph nodes in the
5-7 mm range are more casily found. Comparatively,
the sensitivity of FDG-PET in clinical applications is
typically limited to nodes with a cross sectional diam-
eter of 8-9 mm (8,9) and would be expected to miss
small lesions. Jeong et al. investigated the role of US,
CT, and PET/CT in the initial evaluation of cervical
lymph nodes in PTC patients, and found no addition-
al benefit of PET /CT (75). The need for attention to
neck US is seen in a study of 37 thyroid cancer patients
with negative post-treatment WBS who were Tg posi-
tive (76). Of those with negative conventional images,
19 had positive FDG-PET scans (70%) with 16 of
these 19 patients having disease in the neck (14) or
mediastinum (2). Another example of the need for
attention to the neck is a study of 11 patients with
negative post-treatment whole body scans and Tg pos-
itive disease. All patients received neck US, and neck
and chest CT. FDG-PET imaging was performed and
all patients had abnormal neck or mediastinal uptake
which led to repeat neck US with or without biopsy,
the results of which directed patient management. In
both of these studies, it is unknown why these lesions
were not seen on the initial neck US (which could be
due to lack of expertise in the setting of thyroid cancer)
or if the FDG-PET scan was truly instrumental toward
identifying a small area of the body to subsequently
scrutinize with repeated anatomical imaging. To put
the costs of US or PET algorithms into perspective,
consider that in 2003 the CMS paid $79 for neck US
(~$28 professional fee and $51 technical fee), com-
pared to ~$1,850 for FDG-PET imaging (~$77 pro-
fessional fee, ~$325 for FDG, ~$1,450 technical fee).
The second FDG-PET caveat is that a helical thin
cut chest CT should be obtained before an FDG-PET
scan. With the new generation combined PET /CT scan-
ners it is possible to accomplish these simultaneously.
However, there are several reasons to obtain the chest
CT before the PET scan. First, if the neck US is positive
and the chest CT is negative, then these patients may be
referred to surgery without the cost of a PET scan if
additional metastases are not suspected based on the
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serum Tg and the clinical context. Second, if pulmonary
metastases are present, then plans for radioiodine thera-
py (including dosimetry and/or hospitalization) can be
made in the event that the PET scan is negative and
radioiodine therapy is given. Third, the CT equipment
and imaging methodology (including slice thickness)
may not be equivalent to the equipment used for dedi-
cated CT imaging. Finally, PET/CT images are fre-
quently interpreted by specialists who focus on the PET
findings while the CT images provide correlation. Ideal-
ly, the chest CT findings need to be carefully interpreted
in their entirety and reported by a skilled physician,
regardless of the PET findings. It is clear that pulmonary
metastases are the most common distant site of DTC
metastasis. Pulmonary metastases in the 1-3 mm range
are commonly identified on CT, and FDG-PET has
decreased sensitivity for this miliary pulmonary discase
(12,77,78). Indeed, one study of pulmonary metastases
from various malignancies reported the sensitivity of
FDG-PET for lesions < 5 mm, 5-7 mm, 8-10 mm, and
11-28 mm as 0%, 41%, 78%, and 94%, respectively (79).

The third FDG-PET caveat is to be on guard
for false-positive PET foci and to consider confirming
the etiology of suspected lesions by another modality
it patient management is dependent on the result.
Schliter et al. reported false positive foci in 11% of
patients, 2 of whom underwent surgery that did not
yield tumor (52). Helal et al. reported that 13% of
their WBS negative, Tg and FDG-PET “positive”
patients had only inflamed lymph nodes at surgery
(76). Similarly, Zimmer et al. reported that 25% of
suspicious FDG-PET lesions were pathologically
benign (53). Quantification of SUVs is modestly help-
ful with the higher values more likely to be malignant,
however, overlap clearly remains. For example, in the
Zimmer et al. patients, positive lesions had mean
SUVs of 6.1 + 2.8, whereas false positive lesions had
SUVs of 3.9 = 1.6. The increasingly available
PET/CT fusion units appear to improve diagnostic
accuracy and their use is strongly preferred over stand-
alone PET units. However, these units have not com-
pletely eliminated false positive results.

DO FDG-PET SCANS HELP PATIENTS WITH
METASTATIC THYROID CANCER?

It is not clear from the literature exactly what fraction of
patients with metastatic DTC is truly benefited from
FDG-PET scan findings in terms of decreased morbidi-
ty, recurrence, or mortality. Contrary to the initially
more optimistic reports, it appears that about one quar-
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ter of all WBS negative, Tg positive patients are also
FDG-PET negative (7,48). Patients with distant
metastatic disease that is imaged by FDG-PET may have
tumor that is unresponsive to current therapy so that
the impact of disease identification is diminished. For
patients in published studies with disease identified for
whom there is an intervention, follow-up serum Tg data
are frequently lacking or not confirmed with stimulation
testing when undetectable. Thus, they may still have
residual disease. Further, many patients in the literature
with PET positive disease have tumor that is concur-
rently seen (or should have been seen) on less expensive
and more readily available imaging modalities such as
neck US and chest CT. Complicating these issues is the
fact that many patients with metastases have some
tumor deposits substantially smaller than the resolution
of PET, which at its best is approximately 4-5 mm on
the newer high resolution systems. Thus, these patients
may undergo attempted curative surgery to remove dis-
case found with FDG-PET, but still have disease post-
operatively. Unfortunately, this has been the experience
in the majority of patients at our medical center (unpub-
lished data). Similarly, patients may have a mixed popu-
lation of metastatic lesions, some of which are FDG avid
while others are not. An example of these difficulties is
the patient reported by Chin et al. who had 2 foci of dis-
case identified on FDG-PET and co-registered with
helical CT, while 3 foci where seen on a similar study
after thTSH stimulation. These 3 foci prompted cervi-
cal and mediastinal explorations that removed 19 lymph
nodes of which 9 were malignant. A subsequent
rhTSH-stimulated serum Tg rose to 1.0 ng/dl. While
these interventions were certainly reasonable and prob-
ably beneficial, it is clear that not all of this patient’s dis-

[ Thyroidectomy + 1131 |
T detectable on TH, or >2 ng/ml after thTSH,
or > 2-5 ng/ml after THW, without DXWBS o with negative DXWBS

[ Nm_kU!SfdwesiCT ] '-| Surgery if U/S+, CT- ]

I'[ If stimulated Tg > 10 ng/ml, stimulated FDG-PET +/- DXWBS ]
|

( PET positive ] [ PET negative J

[ Consider surgery, XRT,

enbolization, cinical el } [Consider 1131 Rx with RXWBS }

Figure 2. Potential FDG-PET algorithm for clinical practice.
Thyroid hormone (TH), thyroid hormone withdrawal (THW),
diagnostic whole body scan (DxWBS), post-treatment whole
body scan (RXWBS), external beam radiation therapy (XRT).
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ease were identified by FDG-PET and, despite substan-
tial tumor debulking, it is likely that this patient has
some residual disease and whether or not their long-
term outcome has been improved by these procedures
is speculative.

These hesitations aside, there appear to be
patients truly benefited by the use of FDG-PET (80).
Figure 2 presents an algorithm for the use of FDG-
PET in thyroid carcinoma. Because of the probable
benefit of stimulated FDG-PET scans, it is increasing-
ly common to perform the PET scan concurrently
with the WBS in patients with residual disease after the
neck imaging and chest CT are found to be negative
or if suspicion remains that these studies have not
identified the entire residual tumor burden (figures 3
and 4 for stimulated FDG-PET protocols).

FDG RADIO-GUIDED SURGERY

Kraeber-Bodere et al. have reported FDG radio-guid-
ed surgery to assist in tumor localization in radioio-
dine-negative DTC, FDG-PET positive patients (81).
All FDG-PET visually identified lesions were detected
with the gamma probe, and the mean tumor activity
was 40% higher than the surrounding neck tissue.
Additional studies will be necessary to clarify the abil-
ity of radio-guided surgery to render patients free of
disease, or reduce local tumor recurrence.

CONCLUSIONS

PET is a rapidly developing/evolving imaging modality
that has gained widespread acceptance in oncology, with

A. rhTSH stimulated
FDG-PET + DxWBS <5

B. rhTSH stimulated 58
FDG-PET + RxWB
+ HX S o @9’( Q'é “@?

Day I 2 3 4 5 8 9 10

Figure 3. rhTSH stimulated FDG-PET protocol with optional
diagnostic testing only (panel A) or 131 therapy (panel B).

* Obtain serum Tg on day 3 if DxWBS is not obtained. Diag-
nostic whole body scan (DxWBS), post-treatment whole body
scan (RXWBS), diagnostic (Dx), treatment (Rx).
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THW stimulated FDG-
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Figure 4. Hypothyroid FDG-PET protocol with optional DxWBS and
131] therapy. Diagnostic whole body scan (DxWBS), post-treatment
whole body scan (RXWBS), diagnostic (Dx), treatment (Rx).

several radionuclides applicable to thyroid cancer current-
ly available. Patients with thyroid disease have been stud-
ied most commonly with FDG-PET, with the greatest
benefits identified so far being the potential localization
of tumor in patients that are radioiodine WBS negative
and Tg positive, the identification of patients unlikely to
benefit from additional 1311 therapy, and as a prognostic
tool to identify patients at highest risk of disease-specific
mortality which may prompt more aggressive therapy or
enrollment in clinical trials. A limitation of FDG-PET is
its scan resolution in the clinical setting of ~5 mm for the
highest resolution systems and just below 1 ¢cm for con-
ventional systems, which emphasizes the need to evaluate
the most common sites of DTC micrometastases with
more sensitive and cost-eftective modalities prior to PET
imaging (e.g. typically neck US and chest CT). Recent
FDG-PET data have suggested greater sensitivity for dis-
case detection when imaged with TSH stimulation
(either hypothyroid or rhTSH) compared to imaging
performed during TSH suppression. Finally, robust stud-
ies documenting improvements in survival or tumor
recurrence in DTC populations are lacking. However,
specific case examples of patients who appear to have ben-
efited from FDG-PET imaging are available, and a role
for FDG-PET in DTC management is present.
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