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Staging and risk stratification predicate the postoperative man-
agement of thyroid cancer patients, determining not only the
need for 13| therapy or alternative options (conservative man-
agement without ablation, surgical reintervention, or external-
beam radiation therapy) but also the long-term follow-up strategy.
This paper presents the progress made in the field of thyroid
cancer imaging by application of SPECT/CT technology to radio-
iodine scintigraphy in both diagnostic and post-therapy settings
and reviews the impact of fusion radioiodine imaging on staging,
risk stratification, and clinical management of patients with thy-
roid cancer. In addition, this paper addresses the role of pre-
ablation radioiodine imaging and provides nuclear medicine
physicians with the background knowledge required for integrat-
ing information from fusion imaging into the clinical and histo-
pathologic risk stratification for developing an individualized
treatment plan for patients with thyroid cancer.
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The incidence of thyroid cancer continues to rise, with
a 2.4-fold increase in incidence since 1975: 44,670 new
cases and 1,690 deaths were attributed to thyroid cancer in
2010 (1). Based on histology, thyroid cancers are character-
ized as 80.2% papillary thyroid cancers, 11.4% follicular
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thyroid cancers, 3.1% Hiirthle cell (or oxyphil) cancers,
3.5% medullary thyroid cancers, and 1.7% anaplastic thyroid
cancers (2). The 5-y survival rates for well-differentiated
thyroid cancer, which includes papillary thyroid cancer, fol-
licular thyroid cancer, and Hiirthle cell histologies, are
99.8% for localized tumors, 97.0% for tumors with regional
metastases, and 57.3% for tumors with distant metastases
(3). In general, stage for stage, the prognosis for papillary
thyroid cancer and follicular thyroid cancer is similar; how-
ever, certain histologic subtypes of papillary thyroid cancer
(such as tall cell variant, columnar cell variant, and diffuse
sclerosing variant) and highly invasive follicular thyroid can-
cer have a worse prognosis (4). Initial therapy for thyroid
cancer includes near-total or total thyroidectomy with or
without prophylactic or therapeutic central compartment
neck dissection to remove the primary tumor and involved
cervical lymph nodes (5). Therapeutic lateral neck compart-
mental dissection is performed for patients with metastatic
lateral cervical lymphadenopathy (6-8). Cervical nodal me-
tastases are present in 20%—-50% of patients at the time of
diagnosis, even with small intrathyroidal tumors (microcar-
cinomas) (9-12). The completeness of surgical resection is
an important determinant of outcome, because residual me-
tastatic lymph nodes represent the most common site of
disease persistence or recurrence (13, 14).

For many years, postoperative management of thyroid
cancer patients included radioiodine administration, fol-
lowed by a post-therapy scan; however, this approach has
been challenged by evidence that remnant ablation does not
improve survival in low-risk patients (/5-20). The current
American Thyroid Association (ATA) Practice Guidelines
for Thyroid Cancer Management, published in 2009, empha-
size postoperative management according to stage and risk
stratification based on clinical—-pathologic criteria (i.e., age of
patient and the results of surgical pathology) (5). Staging and
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TABLE 1
AJCC 7th Edition TNM Score for Papillary or Follicular Well-Differentiated Thyroid Cancer (27)
Score Characteristics

Primary tumor (T)

T Tumor < 2 cm, limited to thyroid; T1a: tumor < 1 cm (microcarcinoma);
T1b: tumor > 1 cm but <2 cm

T2 Tumor > 2 cm but < 4 cm, limited to thyroid

T3 Tumor > 4 cm, limited to thyroid, or any tumor with minimal extrathyroid
extension; for example, extension to sternothyroid muscle or perithyroid
soft tissues

T4 Advanced disease: T4a: tumor of any size extending beyond thyroid capsule

to invade subcutaneous soft tissues, larynx, trachea, esophagus, or recurrent
laryngeal nerve; T4b: tumor invades prevertebral fascia or encases carotid
artery or mediastinal vessels

Regional nodes (N)

NO No regional lymph node metastasis

N1 Regional lymph node metastasis; N1a: metastasis to central neck compartment
(cervical level VI); N1b: metastasis to unilateral, bilateral, or contralateral
lateral neck compartments (cervical levels |, I, lll, IV, or V) or retropharyngeal

or superior mediastinal lymph nodes (cervical level VII)

Distant metastases (M)

MO No distant metastasis
M1 Distant metastasis

risk stratification are used to assess the prognosis for an in-
dividual patient, decide on the use of postoperative '3!I therapy,
decide the frequency and intensity of follow-up, and standard-
ize medical communication. The most commonly used staging
system in thyroid cancer is the TNM staging of the American
Joint Committee on Cancer/International Union against Cancer,
currently in the seventh edition (Tables 1 and 2) (27). Because
this staging was developed to predict risk for death—not for
recurrence—and does not take into account several indepen-
dent prognostic variables, the ATA has developed a 3-level risk
stratification for patients with thyroid cancer (Table 3) (5).
Staging and risk stratification are used for determining if
patients would benefit (and should be referred for) radio-
iodine therapy: '3'I ablation is recommended for patients

TABLE 2
AJCC 7th Edition TNM Staging for Well-Differentiated
Thyroid Cancer (27)

Stage T N M
Patients < 45 years old

Stage | Any T Any N MO

Stage I Any T Any N M1
Patients = 45 years old

Stage | T1 NO MO

Stage Il T2 NO MO

Stage IlI T3 NO Mo

T1orT20or T3 N1a MO

Stage IVA T1 or T2 or T3 N1b MO

T4a Any N MO

Stage IVB T4b Any N MO

Stage IVC Any T Any N M1

T: tumor; N: nodes; M: distant metastases.

RADIOIODINE SCINTIGRAPHY WITH SPECT/CT

with distant metastases, patients with a primary tumor that is
grossly invasive or larger than 4 cm, and selected patients with 1-
to 4-cm tumors confined to the thyroid who have documented
node metastases or other high-risk features. The ATA guidelines
recommend against '3!T ablation in patients with unifocal or
multifocal tumors smaller than 1 cm (microcarcinomas) without
high-risk features (5). The most commonly occurring papillary
thyroid cancer in the United States is now microcarcinoma:
45% of tumors in older patients (=45 y) and 34% of tumors in
younger patients (<45 y) are microcarcinomas (22). Although
the long-term outcome of papillary microcarcinoma is excellent,
it frequently spreads to cervical lymph nodes, as documented in
40.9% of cases in a series of 445 patients (9), and may occa-
sionally metastasize to distant sites (23—26). The cumulative risk
of developing lymph node metastases increases continuously
with a primary tumor diameter of 5 mm or greater; therefore,
the concept of “very low risk” papillary thyroid cancer based on
tumor size alone becomes questionable (27). When '3'1 therapy
is omitted, staging without post-therapy '3'T whole-body scan
(WBS) and stimulated thyroglobulin level has the potential to
underestimate the recurrence risk in non-ablated patients. In
a slowly growing malignancy such as differentiated thyroid can-
cer, this risk may become apparent only after long-term follow
up (28). This paper addresses a clinically important question:
what is the role of radioiodine imaging (3'T or '23I) in risk
stratification of patients with thyroid cancer, and what contribu-
tion does it bring to completion of staging and to the decision to
omit or proceed with 131 therapy?

Radioiodine scintigraphy when combined with SPECT/CT
has become a powerful diagnostic tool for identification of
regional and distant metastases in thyroid cancer. The syner-
gistic combination of functional and anatomic information
provided by SPECT/CT has been found to have many advantages
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TABLE 3
Thyroid Cancer Risk Stratification

ATA

Thyroid Cancer Risk Stratification SNM

Very low risk

Low-risk (all criteria must be met)

Unifocal or multifocal microcarcinomas (< 1cm)

MACIS score < 6, or TNM score: T1-2, NO, MO

In patients < 45 years old: tumors < 4 cm confined to the thyroid
Excludes tumors with aggressive histology* or vascular invasion

In patients < 45 years old: MACIS < 6, or TNM score:

2.2 2 2

<

any T any N, MO

In patients > 45 years old: MACIS < 6, or TNM score: T2, NO, MO
No local or distant metastases

All macroscopic tumor has been resected

There is no tumor invasion of locoregional tissues or structures
The tumor does not have aggressive histology* or vascular invasion
If 1311 is given, there is no 131l uptake outside the thyroid bed on

2.2 2 2 2

22 2 2 2 2

the first post-therapy scan

Intermediate/Moderate
risk (any criteria)

In patients < 45 years old: tumors > 4 cm; macroscopic (> 1cm) v
N1a or N1b; T1-3, N1b, MO

In patients > 45 years old: T3, NO, MO or T1-3, N1a, MO

MACIS score > 6

Minimally invasive (microscopic capsular, but not vascular

<22

invasion) FTC < 4 cm
v Tumor with aggressive histology* or vascular invasion v
N Microscopic invasion of tumor into the perithyroidal soft tissues N
at initial surgery
N Cervical lymph node metastases, or '3'l uptake outside the
thyroid bed on the post-therapy scan

High-risk (any criteria)

In patients < 45 years old: T4a-4b, any N, MO, or any N
T, any N, M1

In patients = 45 years old: any T, N1a-1b, M0, AJCC Stages N

IVA, IVB, IVC
FTC > 4 cm, or macroscopic invasive FTC
Distant metastases
Macroscopic tumor invasion
Incomplete tumor resection
Thyroglobulinemia out of proportion to what is seen on the

222 2

22 2

post-therapy scan

*Aggressive histology includes tall cell, insular, columnar, diffuse sclerosing, trabecular solid, poorly differentiated variants of papillary
thyroid carcinoma (PTC) and Hiirthle cell variant of follicular thyroid carcinoma (FTC); MACIS: Metastases, Age, Completeness of resection,
Invasiveness, Size of tumor; staging system developed at Mayo Clinic (76); TNM: Tumor, Nodes, Metastases, staging system developed by

AJCC/UICC (27).

over traditional planar imaging in different clinical settings.
Optimal coregistration of tomographic volumes of data obtained
by y-cameras with inline CT, with the patient in the same bed
position, allows precise anatomic localization of radioactivity
foci. Additional benefits include CT-based attenuation correction
and morphologic information from unenhanced CT with reduced
milliampere-seconds and kilovoltage settings. The advantages of
SPECT/CT have been outlined in several excellent reviews on the
clinical applications of hybrid imaging (29-33).

ADVANTAGES, DISADVANTAGES, AND LIMITATIONS
OF SPECT/CT

Advantages of SPECT/CT applied either selectively or
routinely to planar scintigraphy studies include accurate
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anatomic localization and characterization of radioiodine
foci as benign (such as thyroid remnant tissue or physio-
logic activity in normal structures) or malignant in cervical
nodal or distant metastases. When unusual radioiodine
biodistributions are encountered and a physiologic mimic
of disease is suspected, SPECT/CT clarifies the interpretation
of planar images, thereby avoiding false-positive diagnoses
(Fig. 1). Anatomic coregistration of fused SPECT/CT images
allows more precise differentiation between malignant and
benign radioactivity distributions (Fig. 2). SPECT/CT can
solve difficult diagnostic interpretations and reveal metastatic
lesions to unexpected sites or tissues. Due to CT-based at-
tenuation correction, SPECT/CT can reveal more foci of
pathologic activity as compared to planar studies. The size
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FIGURE 1. Diagnostic '®'l scan obtained 24 h after oral adminis-
tration of 37 MBq (1 mCi) of 3"l in 37-y-old woman after total
thyroidectomy for multifocal papillary thyroid cancer (two 1.1-cm
tumors). Patient had stimulated thyroglobulin level of less than 0.5
ng/mL; however, measurement was unreliable because specimen
contained antithyroglobulin antibodies. (A) Planar whole-body an-
terior image demonstrates 3 distinct foci of radioactivity, with most
superior focus just left of midline in the face (arrow). Two additional
foci of activity are seen in neck (wavy arrow and arrowhead). (B)
Correlative axial fused SPECT/CT demonstrates localization of su-
perior focus to nasolacrimal duct (arrow), consistent with benign
radioiodine accumulation within lacrimal secretions draining into
nasal cavity, excluding metastatic osseous lesion to maxilla. (C)
Middle focus is centered at tip of hyoid bone and is consistent with
thyroglossal duct remnant (wavy arrow), formed by rests of thyroid
cells along thyroglossal duct during embryologic migration of thy-
roid from base of tongue to its final position in lower neck. This is
a commonly encountered normal variant, and SPECT/CT improves
characterization compared with planar imaging. (D) Lower focus of
activity is located paratracheally in left thyroid bed in close associ-
ation with surgical clips (arrowhead), consistent with thyroid rem-
nant. Focal paratracheal central neck activity can be characterized
as benign thyroid remnant when surgical pathology review demon-
strates no evidence of tumor extrathyroidal extension and negative
surgical excision margins.

and iodine avidity of metastatic lesions can be assessed on
the CT and SPECT components, respectively, of SPECT/CT
studies, providing information about the likelihood of re-
sponse to '3!1 therapy and guiding management decisions
on alternative therapeutic options such as surgical excision
or external-beam radiation therapy for large or non—iodine-avid
metastatic deposits (Fig. 3).

Disadvantages of SPECT/CT include additional imaging
time and possible patient discomfort and claustrophobia
from lying in a fixed position for approximately 20 min in

RADIOIODINE SCINTIGRAPHY WITH SPECT/CT

FIGURE 2. Diagnostic '3'l scan obtained 24 h after oral admin-
istration of 37 MBq (1 mCi) of '3l in 36-y-old woman after total
thyroidectomy for multifocal papillary thyroid cancer (3.0- and
0.6-cm tumors). Patient’s stimulated thyroglobulin level was less
than 0.5 ng/mL; however, measurement was unreliable because
specimen contained antithyroglobulin antibodies. (A) Planar static
anterior view of chest demonstrates 2 foci of activity, one in left
neck (arrow) and the other in right lower neck (arrowhead). (B-D)
Correlative axial CT (B) and axial fused SPECT/CT (C and D) localize
left neck focus to left thyroidectomy bed in close association with
surgical clips (arrow), consistent with thyroid remnant. Right neck
focus corresponds to 0.5-cm nodule adjacent to right carotid neu-
rovascular bundle (arrowhead), consistent with nodal metastasis.

the tightly enclosed space of the SPECT/CT gantry, and
additional radiation exposure from the CT component of
the study (1-4 mSv with each acquisition) (30). The bene-
fits and potential risks associated with the study should be
assessed for each patient, most importantly in the pediatric
population (34).

Recognizing the limitations of SPECT/CT is important: the
spatial resolution of SPECT is limited by the partial-volume
effect in small lesions; although metastases in normal-sized
neck lymph nodes are frequently diagnosed, micrometastatic
lesions cannot be detected with SPECT/CT. Similarly, SPECT/
CT is insensitive for the detection of residual locally invasive
thyroid cancer after surgery, unless there is gross residual
tumor volume or anatomic findings of invasion. Therefore,
SPECT/CT radioiodine studies must always be interpreted
in the context of the surgical pathology report, which clarifies
the presence or absence of tumor invasion into local struc-
tures and completion of surgical resection. These elements are
of critical importance when one is interpreting the significance
of paratracheal central neck activity as benign thyroid
remnant versus residual disease. When pathologic review of
the surgical resection specimen of total thyroidectomy
demonstrates no evidence of tumor extrathyroidal extension
and negative surgical excision margins, focal paratracheal
central neck activity can be characterized as a benign
thyroid remnant. Non—iodine-avid disease, which occurs in
approximately 30% of differentiated thyroid cancer (35,36),
may remain undetected on SPECT/CT and lead to
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FIGURE 3. Diagnostic '3'l scan obtained 24 h after oral admin-
istration of 37 MBq (1 mCi) of '3l in 14-y-old girl after total thyroid-
ectomy for papillary thyroid cancer extensively involving both lobes
and isthmus. Patient’s stimulated thyroglobulin level was 406 ng/mL.
(A) Pinhole neck image demonstrates longitudinal intense activity in
right neck laterally and focal intense activity in left upper neck; in
addition, there are several foci of fainter activity in central neck bi-
laterally. (C-D) Correlative coronal (B) and axial (D) fused SPECT/CT
and axial CT (C) demonstrate conglomerate metastatic lymphade-
nopathy in right cervical levels IIB and Ill and left cervical level IIB.
Due to residual bulky metastases in bilateral neck as demonstrated
on planar diagnostic study and measured on SPECT/CT, the patient
was referred for reoperative bilateral neck dissection before proceed-
ing with therapeutic '3l administration.

false-negative interpretations. The possibility of non-
iodine-avid disease needs to be considered in the context
of Hiirthle cell thyroid cancer, papillary thyroid cancer with
unfavorable histology (e.g., tall cell, columnar, or cribriform
variants), and poorly differentiated thyroid cancer (such as
trabecular, insular, or solid variants). Therefore, the review
of histopathology and biochemical data—thyroglobulin,
thyrotropin, free thyroxine—remains essential for accu-
rate interpretation of the findings on radioiodine planar
and SPECT/CT scintigraphy.

UTILITY OF POST-THERAPY RADIOIODINE SPECT/CT

The initial reports on the use of SPECT/CT in thyroid
cancer described the advantages of SPECT/CT applied to
post-therapy '3'T scintigraphy: in a study evaluating core-
gistration of separately acquired SPECT and CT data with
the aid of external fiducial markers, combined SPECT/CT
improved diagnostic evaluation compared with SPECT
alone in 15 of 17 patients (88%) (37). Similarly, in a series
of 25 patients with post-therapy '3'T scans, SPECT/CT
improved diagnostic interpretation compared with planar
images in 44% of radioactivity foci, resulting in a change
in management in 25% of patients (38). In a study of
71 patients, of whom 54 had post-therapy imaging and 17
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had diagnostic '3'T imaging, Tharp et al. reported incremental
diagnostic value for SPECT/CT over planar imaging in 57%
of patients. When considering only the group of 17 patients
who underwent diagnostic 3T studies, the findings on
SPECT/CT changed the therapeutic approach for 41% of
these patients (39).

Aide et al. reported that in 55 patients studied with post-
therapy '3'I scans, there were 29% indeterminate results
on planar imaging and only 7% with SPECT/CT. Of the
16 patients with indeterminate planar scans, reclassification
with SPECT/CT as positive or negative for disease corre-
lated with the success or failure of radioiodine treatment at
follow-up (40).

One clear advantage of SPECT/CT is its ability to sub-
stantially reduce the number of equivocal foci seen on planar
imaging alone: Chen et al. reported that SPECT/CT accurately
characterized 85% of foci considered inconclusive on planar
imaging, resulting in altered management for 47% patients
(41). Kohlfuerst et al. reported on the impact of post-therapy
SPECT/CT in a group of 41 patients: in 33 patients with neck
lesions, SPECT/CT changed N status in 12 of 33 patients
(36.4%) and led to a treatment change in 8 of 33 patients
(24.2%); in 19 patients with lesions distant from the neck,
SPECT/CT changed M status in 4 of 19 patients (21.1%)
and led to a treatment change in 2 of 19 patients (10.5%);
for the entire group of 41 patients, SPECT/CT led to a treat-
ment change in 10 of 41 patients (24.4%) (42).

Schmidt et al. reported on nodal staging in 57 patients
who underwent planar imaging and SPECT/CT after a first
radioablation, and they concluded that SPECT/CT deter-
mines lymph nodal status more accurately than planar
imaging: 6 of 11 lesions considered nodal metastases on
planar imaging were reclassified as benign on SPECT/CT,
and 11 of 15 lesions considered indeterminate on planar
imaging were reclassified as nodal metastases on SPECT/
CT; SPECT/CT provided information that clarified nodal
status in 20 of 57 patients (35%), which resulted in a change
in risk stratification in 25% of patients (43). Furthermore,
the same group determined that the information obtained
with 13T SPECT/CT performed at the first radioablation can
predict the occurrence or persistence of iodine-avid cervical
nodal metastases in subsequent follow-up: 94% of nodal
metastatic deposits smaller than 0.9 mL were eliminated after
radioablation, whereas nodal metastases exceeding this size
were less likely to completely resolve with 1311 therapy (44).
Consequently, the size information obtained on CT data from
the SPECT/CT study can be used for guiding patient selec-
tion for further surgery for excision of large metastatic deposits.

SPECT/CT improved anatomic localization of activity foci
seen on planar post-therapy '3'T imaging in 21% of cases,
as demonstrated by Wang et al. in a study of 94 patients; in
addition, SPECT/CT identified new metastatic foci unsus-
pected on planar imaging in 7% of patients. Most impor-
tantly, the additional information obtained with SPECT/CT
resulted in reconsideration of the therapeutic approach in
22 of 94 patients (23%) (45).
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The use of post-therapy SPECT/CT at the first radio-
ablation has provided information on the incidence of
nodal metastases in patients with T1 tumors (=2 cm, lim-
ited to the thyroid). In a large, bicentric study of 151
patients, using a combination of nodal staging based on
histopathology (pN1) information (in 46% patients who
underwent surgical neck dissection) and imaging informa-
tion (SPECT/CT in 54% patients who did not undergo
neck dissection), Mustafa et al. reported that nodal metas-
tases occurred in 26% of T1 tumors and in 22% of
microcarcinomas (Tla tumors, =1.0 cm). Regarding
nodal staging, SPECT/CT was more accurate than planar
imaging in 24.5% of patients (46).

The use of SPECT/CT technology permitted identifi-
cation of parapharyngeal metastases in 14 of 561 patients
(2.5%); in these patients, parapharyngeal metastases were
also associated with regional or distant metastases (47).

The effect of post-therapy '3'T SPECT/CT on ATA risk
classification was assessed by Grewal et al. in a group of
148 intermediate- and high-risk patients (as initially
assessed on clinical and histopathology criteria): 74% of
patients underwent a first radioablation, and 26% of
patients received '3'T therapy for treatment of recurrent or
metastatic disease with rising thyroglobulin levels. SPECT/
CT changed nodal status in 15% of postsurgical patients
and 21% of patients with suspected disease recurrence or
persistence. Based on SPECT/CT findings, ATA risk clas-
sification changed in 7 of 109 patients (6.4%). Importantly,
review of the CT data of the SPECT/CT study identified
non—iodine-avid metastases in 32 of 148 patients (22%) and
demonstrated that the size of nodal metastases can be mea-
sured on the CT component of SPECT/CT; additional im-
aging studies were avoided in 48% of patients (48).

Ciappucinni et al. demonstrated that postablation scin-
tigraphy (planar and SPECT/CT) has prognostic value for
predicting the therapeutic outcome of patients with thyroid
cancer after total thyroidectomy and first radioablation. The
study group comprised 170 patients followed for a median
of 29 months (range, 1.5-4.5 y) after initial '3'T ablative
therapy: 32 patients (19%) presented with persistent or re-
current disease in subsequent follow-up: 18 patients with
nodal metastases, 8 patients with distant metastases, and 6
patients with both nodal and distant metastases. In all pa-
tients free of disease at follow-up evaluations, initial post-
ablative SPECT/CT was negative or equivocal for disease.
However, SPECT/CT was positive for disease in 78% of
patients identified with persistent or recurrent disease at
follow-up; the fact that post-therapy WBS was negative
in 22% patients with persistent or recurrent disease during
follow-up points to the presence of non—iodine-avid metas-
tases, also reported by other groups in 20%—30% of patients
(36,48). The authors conclude that postablation scintigra-
phy (planar WBS and SPECT/CT) has 78% sensitivity and
100% specificity for predicting recurrent or persistent dis-
ease and is the sole independent prognostic variable for
disease-free survival (49).

RADIOIODINE SCINTIGRAPHY WITH SPECT/CT

SPECT/CT also improved dual-phase (3 d, 7 d) post-
therapy '3'T planar WBS interpretation in a group of 42
patients regarding characterization of focal radioiodine
accumulations as benign or malignant (50). Supplemental
Table 1 summarizes the results of studies reporting on the
use of post-therapy '3'I scintigraphy with SPECT/CT for
accurate lesion localization and characterization (supple-
mental materials are available online only at http://jnm.
snmjournals.org).

UTILITY OF SPECT/CT FOR PROBLEM SOLVING
(EVALUATION OF UNUSUAL RADIOACTIVITY
DISTRIBUTIONS)

Unusual patterns of radioiodine biodistribution that
could mimic metastatic disease are well recognized and are
known to raise a diagnostic dilemma on planar scintigraphy
interpretation (51,52). SPECT/CT is an excellent diagnostic
tool for rapid evaluation of suspected physiologic mimics
and can accurately localize radioiodine distribution to sal-
ivary glands, dental fillings, retrosternal goiter, esophageal
or airway secretions, hiatal hernias, bowel diverticula,
breast, skin contamination, and benign uptake related to
radioiodine retention in cysts, bronchiectasis, thymus, be-
nign struma ovarii, or menstruating uterus (53-59). Several
reports outline the usefulness of SPECT/CT for solving
difficult diagnostic interpretations and revealing unusual
metastatic lesions in the liver, kidney, central nervous sys-
tem, erector spinae muscle, and rectus abdominis muscle
(60-64).

UTILITY OF DIAGNOSTIC PREABLATION
RADIOIODINE SPECT/CT

SPECT/CT technology has also been used in conjunction
with diagnostic preablation '23T or '3'T scans and demonstrated
incremental diagnostic information resulting in increased
specificity as compared with classic planar scintigraphy.
Barwick et al. demonstrated in a group of 79 consecutive
patients studied with '23[ planar imaging, SPECT, and
SPECT/CT, that SPECT/CT provided additional diagnos-
tic information in 42% of patients and provided further
characterization in 70% of foci seen on planar images.
The authors calculated the diagnostic performance of
SPECT/CT compared with planar scans and SPECT alone:
planar studies demonstrated a sensitivity of 41%, specific-
ity of 68%, and accuracy of 61%; SPECT studies demon-
strated a sensitivity of 45%, specificity of 89%, and accuracy
of 78%; SPECT/CT provided significant improvement in
specificity, with a calculated sensitivity of 50%, specificity
of 100%, and accuracy of 87% (the study group included
11 patients with non—iodine-avid disease demonstrated on
anatomic imaging and elevated thyroglobulin levels) (65).

The incremental value of SPECT/CT as compared with
planar WBS results from better identification and interpre-
tation of focal uptake, correct anatomic localization and
characterization of activity foci, and precise differentiation
between metastatic lesions and benign uptake in thyroid
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FIGURE 4. Diagnostic '3'l scan obtained 24 h after oral admin-
istration of 37 MBq (1 mCi) of '3l in 37-y-old woman after total
thyroidectomy for goiter with incidental papillary thyroid microcar-
cinoma (1.3-mm tumor; one metastatic of 3 lymph nodes dis-
sected in the central neck compartment). Patient's stimulated
thyroglobulin level was 5.9 ng/mL. (A) Planar static anterior view
of chest demonstrates intensely focal central neck activity (arrow).
(B and C) Correlative axial CT (B) and axial fused SPECT/CT (C)
localizes this activity to 0.4-cm right paratracheal lymph node
(arrow) located immediately below cricoid cartilage, consistent with
nodal metastasis.

remnant tissue or physiologic radioiodine distribution in
normal organs (Fig. 4). In a group of 117 patients studied
with planar WBS and SPECT/CT (of whom 108 patients
underwent diagnostic '23I and 9 patients underwent post-
therapy '3'T scans), Spanu et al. demonstrated that SPECT/
CT has incremental value over planar scanning in 67.8% of
patients. SPECT/CT identified more foci of pathologic ac-
tivity (158 foci on SPECT/CT compared with only 116 foci
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on planar imaging), changed the treatment approach in
35.6% of patients with disease, and led to avoidance of
unnecessary 3! therapy in 20% of patients without disease
(66).

Similarly, Wong et al. demonstrated incremental diag-
nostic value for SPECT/CT over planar imaging for
interpretation of 47.6% of foci seen on WBS in a group
of 53 patients studied with a '3'I planar and SPECT/CT
protocol (the group comprised 47 patients studied with di-
agnostic preablation scans and 6 patients studied with post-
therapy scans). SPECT/CT provided incremental information
for interpretation of 53 of 130 neck activity foci (41%) and
17 of 17 distant foci (100%) by providing clear anatomic
lesion localization and lesion size measurement for predicting
the likelihood for response to '3'1 therapy and assessing ther-
apeutic response in subsequent follow-up. Rapid exclusion of
physiologic activity or contamination resulted in elimination
of equivocal interpretations on planar scans. Reader confi-
dence increased for interpretation of 104 of 147 foci (71%)
seen on planar images after the review of SPECT/CT (67).

In a group of 48 patients studied with diagnostic pre-
ablation '3'T scans (planar and SPECT/CT protocol) Wong
et al. demonstrated that SPECT/CT using low diagnostic
activities (37 MBq of '3!1) is feasible and can be used in
addition to histopathologic information to complete staging
and risk stratification before radioablation (68). The pa-
tients were staged according to the TNM system using 3
levels of sequential information: histopathology and chest
radiography, planar WBS, and SPECT/CT. The patients
were restaged according to the findings on !3'1 scintigraphy
(planar, and then planar and SPECT/CT information). Com-
pared with histopathologic analysis, planar imaging and
SPECT/CT changed the postsurgical differentiated thyroid
cancer stage for 21% of patients. Identification of unsus-
pected nodal and distant metastases resulted in prescription
of higher therapeutic activities (e.g., 5.5 GBq for regional
metastatic disease; 7.4-14.8 GBq and dosimetry calcula-
tions for distant metastatic disease), whereas demonstration
of only residual functional thyroid tissue in the surgical bed
(i.e., thyroid remnant) in the absence of high-risk histopath-
ologic features resulted in prescription of low 31 activity
(e.g., 1.1 GBq). Information obtained with diagnostic pre-
ablation planar WBS and SPECT/CT scans changed the
prescribed radioactivity in 58% patients, as compared with
initially proposed therapy based on histopathologic risk
stratification alone (68). In a larger cohort of 320 patients
studied with preablation 13! scans, diagnostic preablation
31T planar and SPECT/CT scintigraphy detected regional
nodal metastases in 22% and distant metastases in 8% of
patients, leading to upstaging of 4% of young patients (<45
y old) and 25% of older patients (=45 y old), as compared
with pTNM staging based on surgical pathology alone (69).

Supplemental Table 2 summarizes the results of studies
reporting on the use of diagnostic preablation '231/!3! scin-
tigraphy with SPECT/CT for accurate lesion localization
and characterization.
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The use of SPECT/CT technology in the setting of
diagnostic preablation radioiodine scintigraphy allows rec-
ommended staging and risk stratification for patients with
thyroid cancer (5) before management decisions. The ad-
vantages are the prescription of appropriately higher activ-
ities delivered at the first '3'T therapy for high-risk patients,
when the iodine-concentrating ability of the tumor is pre-
sumably highest, and reduction of activity prescribed for
radioablation of thyroid remnants. The patients who are
considered for management without radioablation due to
low-risk features on histopathology may particularly benefit
from a postoperative diagnostic scan to exclude the pres-
ence of regional or distant metastases and afford the oppor-
tunity of obtaining a baseline stimulated thyroglobulin
measurement (Fig. 5).

The information obtained with diagnostic radioiodine
scans has the potential to impact staging and risk stratifi-
cation, the decision to proceed with, or to omit '3!I therapy,
and the long-term follow-up strategy. For making a rational
decision on the prescribed therapeutic '3'T activity, the pri-
mary goal of 13! therapy should be determined before 311
dose administration and must take into account clinical and
histopathologic information and the findings on preablation
radioiodine scintigraphy for each individual patient. An un-
derstanding of the purpose of therapeutic '3'I administra-
tion is essential: remnant ablation, defined as the use of
31T for elimination of normal residual functional thyroid
tissue (thyroid remnant) for facilitating long-term follow-up
and to maximize the therapeutic effect of any subsequent
31T treatment; adjuvant 131 therapy, defined as the use of
31T for elimination of suspected but unproven metastatic
disease; or targeted 131 therapy, defined as the use of 131
for treatment of known local-regional and distant metasta-
ses (70). The initial '3'T treatment should be targeted at de-
stroying residual or metastatic carcinoma, with the absorbed
dose of radiation in the tumor as the best predictor of success
for 131 therapy.

UTILITY OF RADIOIODINE SPECT/CT FOR
LESIONAL DOSIMETRY

Future directions for the use of hybrid radioiodine
imaging involve the use of SPECT/CT to perform

lesion-specific dosimetry. Lesion radioiodine uptake and
retention can be quantified on SPECT, and tumor volume
can be measured on the CT component of the SPECT/CT
study, permitting calculation of radiation absorbed dose to
tumor (Fig. 6). Follow-up with SPECT/CT can be used to
determine therapeutic responses and assess tumor shrink-
age. An example of this approach has been reported in
a patient with a large skull metastasis causing infringement
on the brain (77). Song et al. and Prideaux et al. demon-
strated the feasibility of patient-specific 3-dimensional do-
simetry using multiple SPECT/CT images, in which the
patient’s own anatomy and spatial distribution of radio-
activity over time are factored into the calculation of
radiation absorbed dose to tumor (lesion dosimetry) or
to an organ of interest (organ dosimetry). The CT images
of SPECT/CT studies are used to provide the density and
composition of each voxel for use in a Monte Carlo
calculation and to define organs or regions of interest
for computing spatially averaged doses. The longitudi-
nal series of SPECT images is used to perform time in-
tegration of activity in each voxel and to obtain the
cumulated activity per voxel (72,73). The goal of
patient-specific voxel-based absorbed dose calculations
is better prediction of the biologic effects of radionu-
clide therapy.

WHEN TO USE SPECT/CT FOR BEST IMPACT IN
THYROID CANCER MANAGEMENT

Performing postoperative diagnostic radioiodine imaging
provides the opportunity of identifying patients with un-
suspected regional and distant metastases, defines the target
of 1311 therapy, and is essential for dosimetry calculations if
high-dose 3T therapy is necessary.

The author of this paper considers that the patients’ risk
stratification and staging should not be based solely on
clinical and histopathologic criteria, but should include
specific thyroid cancer imaging to evaluate for the presence
of regional and distant metastases. Diagnostic '3 scintigraphy
(planar studies with or without SPECT/CT) can detect
metastases in normal-sized cervical lymph nodes
(that would not be visible on postoperative neck ultra-
sonography), can identify pulmonary micrometastases

A

FIGURE 5. Diagnostic '3l scan obtained 24 h after oral administration of 37 MBgq (1 mCi) of '3l in 54-y-old woman after total thyroid-
ectomy for multifocal papillary thyroid microcarcinoma (5 distinct tumors measuring 0.2-0.4 cm). Patient’s stimulated thyroglobulin level was
less than 0.5 ng/mL; however, measurement was unreliable because specimen contained antithyroglobulin antibodies. (A) Planar static
posterior view of chest demonstrates multifocal activity within lung fields bilaterally, consistent with pulmonary metastases. (B-D) Correlative
axial CT (B) and axial (C) and coronal (D) fused SPECT/CT demonstrate several 0.2- to 0.4-cm iodine-avid pulmonary nodules (arrowheads).
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FIGURE 6. Axial CT (A and B), fused 3|
SPECT/CT (C), and isodose radiation map
(D) in 75-year-old man with solitary calvarial
metastasis. Total thyroidectomy with
resection of multifocal follicular variant
papillary thyroid cancer (1.8- and 0.5-cm
tumors) and partial parietooccipital
resection occurred 10 y previously; how-
ever, the patient presented with recurrent
metastasis to skull. Whole-body and le-
sion dosimetry calculations were per-
formed after oral administration of 37
MBq (1 mCi) of '3'l. Subsequently, the
patient received 7.4 GBq (200 mCi) of
31| therapy; stimulated thyroglobulin
was 29,124 ng/mL at time of therapy.
(A) Axial CT image demonstrates calvarial
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=

metastasis and (B) tumor volumetric measurement of 219 mL obtained with Vitrea2 software, version 4.1.1.0, Vital Images, Inc. (C)
Axial fused SPECT/CT image demonstrates focal radioactivity concentration in tumor. (D) CT image with superimposed isodose
levels of cGy in tumor (shaded) and brain. Mean radiation dose to tumor was 1,970 cGy, mainly from beta radiation; gamma (photon)
radiation emanating from tumor imparted low level radiation to adjacent brain; mean radiation absorbed dose to brain was 35 cGy.

(Reprinted with permission of (77).)

(which are too small to be detected on routine chest
radiographs and may remain undetected on CT scans),
and can diagnose bone metastases at an early stage be-
fore cortical disruption is visible on bone radiographs.
Since thyroid cancer osseous metastases are predomi-
nantly osteolytic, bone scans with °°™Tc-methylene
diphosphonate or !8F-fluoride may not portray the full
extent of skeletal metastatic disease and are most often
positive only in larger lesions and advanced-stage dis-
ease. More importantly, since '3'T therapy is most effec-
tive for smaller metastatic deposits, early identification
of regional and distant metastases is crucial for success-
ful therapy (44,74).

Several studies bring evidence that preablation scans
affect the staging of patients with thyroid cancer and that
the information obtained with preablation scintigraphy
changes management decisions (such as whether to pro-
ceed with or to omit therapeutic '3'I administration, refer
the patient for surgical debulking before 311 therapy, or
perform additional imaging studies when non—iodine-avid
disease is demonstrated by negative radioiodine findings
but elevated thyroglobulin levels). The findings on pre-
ablation scans may also alter the prescribed !3'I activity
for thyroid cancer patients, either by adjusting empiric 1311
doses or performing dosimetry calculations for maximiz-
ing therapeutic '3'T activity for treatment of distant me-
tastatic disease. In a study based on a review of 355
diagnostic iodine scans (after administration of 37-148
MBq [1-4 mCi] of either '2’I or !3'I), Van Nostrand
et al. demonstrated that in 53% of cases the findings on
preablation scans may alter the patients’ management plan
(75). Similar conclusions have been reached by other
investigators who demonstrated that preablation 23 scans
provided additional critical information in 25% of 122
patients, by revealing unsuspected regional or distant
metastases indicating the requirement for a significantly
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higher 31 therapy dose, or revealing unexpectedly large
thyroid remnants (76).

Using diagnostic 13! planar imaging and SPECT/CT,
other investigators demonstrated that regional nodal metas-
tases are detected in 22% of patients, and distant metastases
in 8% of patients (69) and that the information obtained
from preablation scans changed the prescribed 3! activity
in 58% of patients (68). Diagnostic '3'I scans are essential
when high-dose 13!1 therapy is considered for treatment of
metastatic thyroid cancer: dosimetry calculations based on
percentage whole-body retentions at 48 h identify those
patients in whom prescribed '3'I activity may be increased
or should be decreased in order not to exceed the maximum
tolerated activity (77,78).

CONCLUSION

The use of radioiodine SPECT/CT has been reported to
change clinical management in significant numbers of pa-
tients, both when used routinely on all consecutive patients
and when used on selected patients with inconclusive
planar images. Proposed changes in management include:
deciding whether to give or withhold radioiodine treatment,
indicating and guiding the extent of surgery, selecting
patients for external-beam radiation therapy, and indicating
the need for alternative imaging strategies such as '8F-FDG
PET. Depending on patients’ clinical context, the timing of
the radioiodine scan (preablation or post-therapy), and the
therapeutic protocols at each institution, change in manage-
ment has been reported in 11% (65), 23% (45), 24% (42),
25% (38), 36% (66), 41% (39), 47% (41), and 58% (68) of
patients in various studies.

SPECT/CT is a powerful diagnostic tool that allows
accurate anatomic localization and characterization of ra-
dioiodine foci and has substantially improved the in-
terpretation of classic radioiodine scintigraphy. SPECT/CT
contributes to completion of staging for patients with
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thyroid cancer by improved characterization of N and M
scores. The information obtained with planar imaging
and SPECT/CT impacts management in a significant
number of patients. The new technology of SPECT/CT has
changed the field and should lead to reassessment of
current management protocols and guidelines in thyroid
cancer.
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