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5.1  Introduction

Thyroid cancer is the most common endocrine 
malignancy in adults, with 52,890 estimated new 
cases (12,720 M:F 40,170) and 2180 deaths 
reported in the United States for 2020 [1]. The 
incidence of thyroid cancer continues to rise, 
with a 2.4-fold increase in incidence since 1975, 
based largely upon detection of small (≤2  cm) 
tumors, which represents 87% of newly diag-
nosed cases [2, 3]. Based on histology, thyroid 
cancers are characterized as 80.2% papillary, 
11.4% follicular, 3.1% Hurthle cell (or oxyphil), 
3.5% medullary, and 1.7% anaplastic [4]. The 
5-year survival rates for well-differentiated thy-
roid cancer (WDTC), which includes papillary 
thyroid cancer, follicular, and Hurthle cell his-
tologies, are 99.8% for localized tumors, 97.0% 
with regional metastases, and 57.3% with distant 
metastases [5]. In general, stage for stage, the 
prognosis for papillary thyroid cancer and follic-
ular thyroid cancer is similar; however, certain 

histologic subtypes of papillary thyroid cancer 
(such as tall cell variant, columnar cell variant, 
and diffuse sclerosing variant) and highly inva-
sive follicular thyroid cancer have a worse prog-
nosis [6].

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 [7]. New ATA 
guidelines permit withholding surgery or per-
forming only lobectomy for selective patient 
population as well [7]. Therapeutic lateral neck 
compartmental dissection is performed for 
patients with metastatic lateral cervical lymph-
adenopathy [8–11]. Cervical nodal metastases 
are present in 20–50% of patients at initial diag-
nosis, even with small <1.0  cm intra-thyroidal 
tumors (microcarcinomas) [12–15]. The com-
pleteness of surgical resection is an important 
determinant of outcome, because residual meta-
static lymph nodes represent the most common 
site of disease persistence or recurrence [16, 17]. 
After initial diagnosis, staging and risk stratifica-
tion are used to individualize treatment decisions, 
inform on prognosis for an individual patient, 
decide on the use of postoperative 131-I therapy, 
and determine the frequency and intensity of fol-
low- up [7].

The most commonly used staging system in 
thyroid cancer is the TNM staging of the 
American Joint Committee on Cancer/
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International Union against Cancer, currently in 
its eighth edition [7, 18]. Because this staging 
schema was developed to predict risk for death—
not for recurrence—and does not take into 
account several independent prognostic vari-
ables, the American Thyroid Association (ATA) 
has developed a three-level risk stratification 
model for thyroid cancer [7]. Radioiodine (131-I) 
ablation is recommended for distant metastases, a 
primary tumor that is grossly invasive or larger 
than 4  cm, and selected patients with 1–4-cm 
tumors confined to the thyroid, with documented 
nodal metastases or other high-risk features. The 
ATA guidelines recommend against 131-I abla-
tion for unifocal or multifocal microcarcinomas 
without high-risk features [7, 19, 20]. Surveillance 
of WDTC is usually performed using a combina-
tion of radioiodine scintigraphy, neck ultrasound, 
biochemical thyroglobulin (Tg) levels, and 18-F 
fluorodeoxyglucose (FDG) PET imaging.

5.2  Radioiodine SPECT/CT

Radionuclide imaging as traditionally performed 
with planar imaging using 131-I has suboptimal 
spatial resolution, and image quality is further 
degraded by septal penetration by energetic 
364 keV gamma emissions. The paucity of ana-
tomical information on radioiodine scans makes 
interpretation challenging; similarly, lesion local-
ization with SPECT is also difficult and not used 
routinely. Furthermore, diagnostic CT has had a 
limited role in evaluation of WDTC due to the 
necessity to avoid iodinated contrast and the fre-
quency of nodal metastases in non-enlarged cervi-
cal lymph nodes (<10  mm). Despite these 
individual limitations, the synergistic combination 
of functional and anatomical information provided 
by integrated SPECT/CT has been found to have 
many advantages over traditional planar imaging 
in various clinical settings. Optimal co-registration 
of tomographic volumes of data obtained by 
gamma-cameras with inline CT, with the patient in 
the same bed position, allows precise anatomic 
localization of radioactive foci. Additional benefits 
include CT-based attenuation correction and mor-
phologic information from unenhanced CT with 
reduced milliampere seconds (mAs) and kilovolt-
age (kV) settings.

A growing number of studies confirm that radio-
iodine 131-I SPECT/CT is a powerful diagnostic 
tool, overcoming many limitations encountered 
with planar imaging interpretation [21–47]. Several 
excellent reviews of the clinical applications of 
hybrid 131-I/123-I SPECT/CT for imaging thyroid 
cancer provide context and outline the advantages 
of SPECT/CT imaging [41, 48–52]. 131-I SPECT/
CT has been performed both at the time of first 
radioablation after total thyroidectomy and during 
long-term imaging surveillance, using either diag-
nostic activities between 37 and 450 MBq or post-
therapy activities ranging from 1.1 to 8.1+ GBq. 
Advantages of SPECT/CT applied either selectively 
or routinely to planar scintigraphy studies have been 
consistently reported, with precise anatomic local-
ization of foci of radioactivity allowing more accu-
rate assignment of the findings as benign (thyroid 
remnants or normal physiologic distribution), or 
metastases in cervical nodes or at distant sites. One 
of the strengths of 131-I SPECT/CT is to substan-
tially reduce the equivocal findings frequently 
reported on planar imaging. When unusual radioio-
dine biodistributions are encountered and a physio-
logic mimic of disease is suspected, SPECT/CT 
clarifies the interpretation of planar images, thereby 
avoiding false- positive diagnoses. SPECT/CT can 
solve difficult diagnostic interpretations and reveal 
metastatic lesions to unexpected sites or tissues. 
Due to CT-based attenuation correction, occasion-
ally SPECT/CT can reveal more foci of pathologic 
activity as compared to planar studies. An integrated 
assessment of the size and iodine avidity of meta-
static lesions based on the analysis of CT and 
SPECT components of the hybrid SPECT/CT study 
provides information about the likelihood of 
response to 131-I therapy and guides management 
decisions on alternative therapeutic options such as 
surgical excision for large metastases or external-
beam radiation therapy for non- resectable and non–
iodine-avid metastatic deposits.

5.3  Early Use of Radioiodine 
SPECT/CT

The use of radioiodine SPECT/CT in thyroid 
cancer was first reported by Even-Sapir et al. in 
a subgroup of 4 of 27 patients in whom SPECT/
CT imaging was performed to evaluate endo-

A. M. Avram and H. Savas



75

crine neoplasms [53]. Subsequently, multiple 
studies have reported the incremental diagnos-
tic value of SPECT/CT in patients with 
WDTC.  The initial reports described the 
advantages of SPECT/CT applied to post-ther-
apy 131-I scintigraphy: in a study evaluating 
co-registration of separately acquired SPECT 
and CT data with the aid of external fiducial 
markers, combined SPECT/CT improved diag-
nostic evaluation compared with SPECT alone 
in 15 of 17 patients (88%) [42]. Similarly, in a 
series of 25 patients with post- therapy 131-I 
scans, SPECT/CT improved diagnostic inter-
pretation compared with planar images in 44% 
of radioactive foci, resulting in a change in 
management in 25% of patients [32]. In a study 
of 71 patients, of whom 54 had post- therapy 
imaging and 17 had diagnostic 131-I imaging, 
Tharp et al. described the incremental diagnos-
tic value for SPECT/CT over planar imaging in 
57% of patients [36]. One clear advantage of 
SPECT/CT reported by early investigators and 
confirmed in subsequent studies is its ability to 
substantially reduce the number of equivocal 
foci seen on planar imaging alone. Chen et al. 
reported that SPECT/CT accurately character-

ized 85% of foci considered inconclusive on 
planar imaging, resulting in altered manage-
ment for 47% patients [25]. Aide et  al. ana-
lyzed 55 patients studied with post-therapy 
131-I scans, finding 29% indeterminate results 
on planar imaging and only 7% with SPECT/
CT. Of the 16 patients with indeterminate pla-
nar scans, reclassification with SPECT/CT as 
positive or negative for disease correlated with 
the success or failure of radioiodine treatment 
at follow-up [22]. Our own experience has 
been primarily with diagnostic pre-ablation 
131-I SPECT/CT performed after total thy-
roidectomy and prior to the first radioablation. 
In this setting, pre-ablation 131-I scans with 
SPECT/CT are used to complete postsurgical 
staging and guide subsequent 131-I therapy. In 
the neck region, we found incremental value of 
SPECT/CT over planar imaging in 53/130 
(41%) of neck foci and described the typical 
appearances of thyroglossal duct remnant and 
thyroid bed remnant, which have long been 
recognized on planar imaging but are often dif-
ficult to distinguish from neck nodal metasta-
ses with confidence in the absence of SPECT/
CT data [40, 41] (Fig. 5.1).

a c d e

g hb f

Fig. 5.1 Pre-ablation 131-I SPECT/CT imaging in a 
65-year-old-woman with a 1.2 cm papillary thyroid can-
cer with capsular and vascular invasion, no extra-thyroidal 
extension, and positive surgical margins; no pathologic 
evidence for nodal disease (0/3 central nodes submitted); 
pT1b N0 Mx Stage I. Planar anterior (a) and posterior (b) 
images depict two foci of neck activity (arrows) corre-
sponding on SPECT/CT (c–e) to soft tissue in bilateral 
thyroid bed (arrows) compatible with remnant thyroid tis-
sue. However, more inferiorly, the SPECT/CT demon-

strates two enlarged, partially calcified lymph nodes in the 
left lower neck (g, h, arrows), consistent with partially 
calcified metastatic cervical level IV lymph nodes, restag-
ing: T1b N1b M0, Stage IV A disease. SPECT/CT is able 
to detect residual non–iodine-avid metastatic disease in 
patients with elevated thyroglobulin levels out of propor-
tion to the focal activity seen on radioiodine scan. The 
patient was referred for surgical resection of non-iodine 
cervical nodal metastases. SPECT/CT can distinguish 
remnant thyroid tissue from nodal metastases

5 SPECT/CT for Thyroid Cancer Imaging



76

5.4  Utility of Post-therapy 
Radioiodine SPECT/CT

The majority of published reports on the utility of 
SPECT/CT are based on hybrid imaging per-
formed on post-therapy scans following adminis-
tration of therapeutic 131-I dosages. Maruoka 
et al. studied 147 patients with post-therapy 131-I 
SPECT/CT imaging. Compared to planar whole- 
body scans, SPECT/CT clarified all 25 equivocal 
interpretations in the neck region as either 
regional lymph nodes or thyroid remnant. For 
distant foci, SPECT/CT corrected the interpreta-
tion in 21/52 (40%) foci, identifying both metas-
tases and benign physiological mimics, including 
20 foci that were equivocal on planar imaging 
[28].

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 the N status in 12 (36.4%) and led to a 
treatment change in 8 (24.2%); in 19 patients 
with lesions distant from the neck, SPECT/CT 
changed the M status in 4 (21.1%) and led to a 
treatment change in 2 (10.5%); and for the entire 
group of 41 patients, SPECT/CT led to a treat-
ment change in 10 (24.4%) [27]. Schmidt et al. 
published a study on nodal staging in 57 patients 
who underwent planar imaging and SPECT/CT 
after the first radioablation and concluded that 
SPECT/CT determines lymph nodal status more 
accurately than planar imaging: 6 of 11 lesions 
previously considered nodal metastases on planar 
imaging were reclassified as benign, and 11 of 15 
lesions considered indeterminate on planar imag-
ing were reclassified as nodal metastases; 
SPECT/CT provided information that clarified 
nodal status in 20 of 57 patients (35%), which 
resulted in a change in risk stratification in 25% 
[34]. Furthermore, the same group determined 
that the information obtained with 131-I SPECT/
CT performed at the first radioablation can pre-
dict 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 131-I 

therapy [33]. Consequently, the size information 
obtained on CT data from the SPECT/CT study 
can be used to guide patient selection for excision 
of larger metastatic deposits. SPECT/CT 
improved anatomic localization of radioactive 
foci seen on planar post-therapy scans in 21% of 
cases, as demonstrated by Wang et al. in a study 
of 94 patients; in addition, SPECT/CT identified 
new metastatic foci unsuspected on planar imag-
ing in 7% of patients. Most importantly, the addi-
tional information obtained with SPECT/CT 
resulted in reconsideration of the therapeutic 
approach in 22 of 94 patients (23%) [37].

The use of post-therapy SPECT/CT at the first 
radioablation has provided information on the 
incidence of nodal metastases in patients with T1 
tumors (≤2 cm, limited to the thyroid). The most 
commonly occurring papillary thyroid cancer in 
the United States is now microcarcinoma (T1a 
tumors, ≤1.0  cm); 45% of tumors in older 
patients (age ≥45 years) and 34% of tumors in 
younger patients (age <45 years) are microcarci-
nomas [54]. Although the long-term outcome of 
papillary microcarcinoma is excellent, it fre-
quently spreads to cervical lymph nodes, as doc-
umented in 40.9% of cases in a series of 445 
patients [14], and may occasionally metastasize 
to distant sites [55–58]. In a large, bicentric study 
of 151 patients, using a combination of nodal 
staging based on histopathology (pN1) (in 46% 
patients who underwent surgical neck dissection) 
and SPECT/CT imaging information (in 54% 
patients who did not undergo neck dissection), 
Mustafa et  al. reported that nodal metastases 
occurred in 26% of T1 tumors and in 22% of 
microcarcinomas [30].

The effect of post-therapy 131-I SPECT/CT 
on American Thyroid Association (ATA) risk 
classification was assessed by Grewal et al. in a 
group of 148 intermediate- and high-risk 
patients (as initially determined based on clini-
cal and histopathology criteria); 74% of patients 
underwent a first radioablation after total thy-
roidectomy, while 26% exhibited a rising trend 
in thyroglobulin levels and received 131-I ther-
apy for treatment of presumed recurrent or met-
astatic disease. SPECT/CT changed nodal status 
in 15% of the postsurgical patients and in 21% 

A. M. Avram and H. Savas



77

of patients suspected of recurrent tumor. Based 
on the SPECT/CT findings, the ATA risk classi-
fication changed due to upstaging in 7 of 109 
patients (6.4%). Importantly, review of the CT 
images of the SPECT/CT study identified non–
iodine-avid metastases in 32 of 148 patients 
(22%) and permitted lesion size determination. 
Additional imaging studies were avoided in 
48% of patients [43]. Ciappucinni et al. demon-
strated that post- ablation scintigraphy (planar 
and SPECT/CT) has prognostic value for pre-
dicting the therapeutic outcome of patients with 
thyroid cancer after total thyroidectomy and 
first radioablation. In 170 patients followed for a 
median of 29  months (range, 1.5–4.5 years) 
after initial 131-I ablative therapy, 32 (19%) 
patients presented with persistent or recurrent 
disease in subsequent follow-up: 18 with nodal 
metastases, 8 with distant metastases, and 6 
with both nodal and distant metastases. In all 
patients free of disease at follow-up evaluations, 
initial post-ablative SPECT/CT was negative or 
equivocal for disease [26]. However, SPECT/
CT was positive for disease in 78% of patients 
identified with persistent or recurrent disease at 
follow-up; post-therapy 131-I whole body scan 
(WBS) was negative in 22% with persistent or 
recurrent disease due to the presence of non–
iodine-avid metastases, also reported by other 
groups in 20–30% of patients [43, 59]. The 
authors conclude that post-ablation scintigraphy 
(planar WBS and SPECT/CT) has 78% sensitiv-
ity and 100% specificity for predicting recurrent 
or persistent disease and is the sole independent 
prognostic variable for disease-free survival 
[26]. In a group of 42 patients studied with dual-
phase post-therapy scans (performed at 3 and 
7  days after therapeutic 131-I administration), 
SPECT/CT improved the interpretation of pla-
nar images regarding characterization of focal 
radioiodine accumulations as benign or malig-
nant [44].

In a recent study with 323 patients, Szujo et al. 
evaluated the role of post-radioiodine therapy 
SPECT/CT of patients with WDTC in early-risk 
classification and in prediction of late prognosis. 
They performed both whole-body planar and 
neck/chest/abdomen SPECT/CT 3–6  days after 

the first radioactive iodine treatment. The patients 
were reevaluated 9–12 months later as well as at 
the end of follow-up (median 37 months). On the 
post-radioiodine therapy SPECT/CT, lymph 
node, lung, and bone involvement were detected 
in 22% of the patients including 61, 13, and 5 
patients, respectively, resulting in early reclassifi-
cation of 115 cases (36%). No evidence of dis-
ease was found in 251 cases at 9–12 months after 
radioiodine treatment and 269 patients at the end 
of follow-up. To predict residual disease at the 
end of follow-up, the sensitivities, specificities, 
and diagnostic accuracies of the current risk clas-
sification systems and SPECT/CT were: ATA: 
77%, 47%, and 53%; ETA: 70%, 62%, and 64%; 
SPECT/CT: 61%, 88%, and 83%, respectively. 
Based on the study, the accuracy of post- 
radioiodine SPECT/CT outweighs that of the 
currently used ATA and ETA risk classification 
systems in the prediction of long-term outcome 
of DTC [60].

On a recent prospective study done in Greece, 
Malamitsi et al. aim to evaluate diagnostic accu-
racy of post-ablation SPECT/CT as compared to 
whole-body planar scan in N and M staging. The 
group also compared SPECT/CT to planar WBS 
to predict relapse of papillary thyroid cancer by 
following up the patients for 5 years. On the total 
number of abnormal uptake, WBS gave 27 false- 
positive (7.76%) and 23 false-negative (6.61%) 
results. On cross tabulation of NM stage through 
WBS and SPECT/CT, the study showed only 24 
patients with N0M0 stage and 6 patients with 
N1M0 stage were classified correctly in the same 
stage by both methods. Considering N stage, 
there were 8 cases of upstaging from N0 to N1 
and 14 cases of downstaging on SPECT/CT from 
N1 to N0. Considering M stage, there were 5 
cases of upstaging from M0 to M1 and 2 cases of 
downstaging from M1 to M0. The agreement 
between the two methods was very low. The 
accuracy in determining NM stage was low on 
WBS (51.72%), while that of SPECT/CT 100%, 
respectively. There was a statistically significant 
difference in relapse by NM stage when assessed 
with SPECT/CT (p  =  0.033), while with WBS 
this difference was not significant (p  =  0.209) 
[46] (Table 5.1).
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Table 5.1 summarizes the results of studies 
reporting on the use of post-therapy 131-I scin-
tigraphy with SPECT/CT.

5.5  Utility of Diagnostic and Pre- 
ablation Radioiodine 
SPECT/ CT

As emphasized on Martinique Principles, diag-
nostic radioactive iodine imaging has been 
shown to contribute to staging and risk stratifi-
cation, especially by detection of unsuspected 
lymph node and distant metastases [20]. 
Surveillance diagnostic 131-I planar imaging 
is considered to have sensitivity for disease 
detection ranging between 45% and 75% 
(depending on the activity dose administered) 
and a high specificity of 96% and 100% [35, 
36, 61–64]. Another radioiodine isotope, 
iodine-123 (123-I), may also be used for diag-
nostic imaging, with the advantages of a lower 
energy gamma emission and less likelihood for 
thyroidal tissue stunning. 123-I photon energy 
of 159 keV is better suited to modern gamma 
camera equipment; using low-energy, high-
resolution collimators permit acquisition of 
high-quality images. Drawbacks of the use of 
123-I are higher costs and a short half-life of 
13 h, precluding multiday imaging and increas-
ing the complexity of dosimetry calculations. 
Barwick et  al. demonstrated in a group of 79 
consecutive patients studied with surveillance 
123-I planar imaging, SPECT, and SPECT/CT 
that SPECT/CT provided additional diagnostic 
information in 42% patients and provided fur-
ther characterization in 70% foci seen on pla-
nar images. The authors calculated the 
diagnostic performance of SPECT/CT com-
pared with planar scans and SPECT alone: pla-
nar studies demonstrated a sensitivity of 41%, 
specificity of 68%, and accuracy of 61%; 
SPECT studies demonstrated 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 ana-
tomic imaging and elevated thyroglobulin lev-
els) [23].

As with post-therapy 131-I scans, the incre-
mental value of SPECT/CT as compared with 
planar WBS in the diagnostic or pre-ablative set-
ting, results from improved identification and 
interpretation of focal uptake, correct anatomic 
localization and characterization of radioactive 
foci, and precise differentiation between meta-
static lesions versus benign uptake in thyroid 
remnant tissue or physiologic radioiodine distri-
bution in normal organs. Menges et al. reported 
on the results of 139 scans with SPECT/CT per-
formed in 123 patients: 82 studies were per-
formed for diagnostic follow up evaluation 
(follow-up diagnostic scans) after radioablation 
and 57 studies were performed after 131-I ther-
apy (post-therapy scans). The sensitivity of pla-
nar and SPECT/CT images were both 62%, with 
no additional detection of iodine-avid lesions on 
SPECT/CT compared to planar [29]. However, 
when non-iodine-avid disease in 27 patients was 
included in the analysis, SPECT/CT improved 
sensitivity from 61% to 74%. The main benefit of 
SPECT/CT was significantly higher specificity 
than the planar images, 94% versus 74%. We 
have observed that occasionally SPECT/CT 
reveals new foci of activity as compared to planar 
images, particularly when additional anatomic 
information based on CT dataset increases diag-
nostic certainty for identification of a new lesion 
(Fig. 5.2). In a group of 117 patients studied with 
surveillance planar WBS and SPECT/CT (of 
whom 108 patients underwent diagnostic 123-I 
and 9 patients underwent post-therapy 131-I 
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 activity (158 foci on SPECT/
CT compared with only 116 foci on planar imag-
ing), changed the treatment approach in 35.6% of 
patients with disease, and led to avoidance of 
unnecessary 131-I therapy in 20% of patients 
without disease [35]. The use of SPECT/CT tech-
nology permitted identification of parapharyn-
geal metastases in 14 of 561 patients (2.5%); in 
this group, the presence of parapharyngeal metas-

5 SPECT/CT for Thyroid Cancer Imaging
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tases was associated with regional or distant 
metastases [31]. Identification of parapharyngeal 
lymph node metastases on SPECT/CT is particu-
larly relevant, as these metastatic nodal deposits 
may remain undetected on routine neck ultra-
sound (Fig. 5.3).

In a group of 53 postsurgical patients stud-
ied with SPECT/CT at the first radioablation 
(47 with pre-ablation scans, and 6 with post-
therapy scans), Wong et  al. demonstrated 
incremental diagnostic value for SPECT/CT 
over planar imaging for interpretation of 47.6% 
of foci, as follows: in 53 of 130 neck activity 
foci (41%) and 17 of 17 distant foci (100%), 

SPECT/CT provided clear anatomic lesion 
localization and lesion size measurement for 
predicting the likelihood of response to 131-I 
therapy. Rapid exclusion of physiologic activ-
ity or contamination resulted in elimination of 
equivocal interpretations on planar scans. 
Reader confidence increased for interpretation 
of 104 of 147 foci (71%) seen on planar images 
after the review of SPECT/CT [40]. This study 
also demonstrated that SPECT/CT imaging 
using low diagnostic 131-I activity (37  MBq, 
1  mCi) is feasible and produces images of 
excellent diagnostic quality. The same investi-
gators used pre-ablation 131-I scans with 

a b c d

Fig. 5.2 Pre-ablation 131-I SPECT/CT imaging in a 
56-year-old-man with a 7.5 cm minimally invasive follic-
ular thyroid cancer in the left lobe with vascular and cap-
sular invasion, extra-thyroidal extension, and negative 
surgical margins; with central compartment nodal disease 
(3+/3 central nodes submitted); pT3 N1a Mx, Stage III 
disease. Planar posterior chest image (a) depicts faint 
midline activity in the thorax (arrows) with an appearance 
suggestive of retained secretions in the esophagus. 
Correlative axial SPECT (b), axial CT (c), and fused 

SPECT/CT (d) demonstrate two adjacent foci in the tho-
rax, the first is more intense and localizes to the esophagus 
compatible with retained secretions (long arrow); how-
ever, the second mild focus localizes to a sclerotic focus in 
the thoracic vertebra compatible with bone metastasis 
(short arrow). Restaging: T3 N1a M1, Stage IVC disease, 
leading to administration of 131-I therapy based on 
dosimetry calculations. Subsequent 131-I scan obtained at 
6 months after 230 mCi (8.5 GBq) 131-I therapy docu-
mented interval resolution of bone metastasis (not shown)

a b c d

Fig. 5.3 Pre-ablation 131-I SPECT/CT scan in a 71-year- 
old-man with multifocal papillary thyroid cancer, the larg-
est lesion measuring 3.0  cm in the left lobe, with 
extra-thyroidal extension, and negative surgical margins; 
8+/21 central and 4+/8 left lateral metastatic lymph nodes 
were resected; pT3 N1b Mx, Stage IV A disease. Planar 
scan (a) depicts two foci of neck activity with the superior 
focus (arrow) corresponding on SPECT/CT (b–d) to a 
small iodine-avid cervical level IIA lymph node adjacent 

to the horn of the hyoid bone (arrows). Although pre- 
ablation I-131 scan did not alter the TNM Stage, the dem-
onstration of an iodine-avid target in the left neck allowed 
selection of a medium 131-I activity for treatment, instead 
of low-dose 131-I remnant ablation. The more inferior 
neck focus was localized to the thyroid bed compatible 
with remnant thyroid tissue. SPECT/CT allows accurate 
identification of the epicenter of uptake for precise ana-
tomic lesion localization

A. M. Avram and H. Savas
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SPECT/CT to complement clinical and histo-
pathological data in order to complete staging 
and risk stratification before radioablation 
[39]. The patients were staged according to the 
TNM system using three levels of sequential 
information: histopathology and chest radiog-
raphy, planar WBS, and SPECT/CT.  The 
patients were restaged according to the find-
ings on 131-I scintigraphy (planar alone, fol-
lowed by combined planar and SPECT/CT 
information). Compared with histopathologic 
analysis, planar imaging and SPECT/CT 
changed the postsurgical thyroid cancer stage 
for 21% of patients. Identification of unsus-
pected nodal and distant metastases resulted in 
prescription of appropriately higher therapeu-
tic activities whereas demonstration of residual 
thyroid tissue (i.e., thyroid remnant) in the 
absence of high-risk histopathologic features 
reduced the 131-I ablative dose or eliminated 
the need for ablation. Information obtained 
from the diagnostic pre-ablation planar WBS 
and SPECT/CT scans changed the prescribed 
radioactivity in 58% patients, as compared 
with the initially proposed therapy based on 
histopathologic risk stratification alone.

In a larger cohort of 320 patients studied with 
pre-ablation 131-I scans, the impact of diagnos-
tic pre-ablation 131-I planar and SPECT/CT 
scintigraphy on N and M scores, and TNM stage 
was assessed in younger age <45 years, n = 138 
(43%) and older age ≥45 years, n = 182 (57%) 
patients [65]. Subgroup analysis regarding the 
detection of regional and distant metastases for 
small tumors was also performed in 49 patients 
(15%) with T1a (size ≤1.0 cm) and 67 patients 
(21%) with T1b (size >1.0 and ≤2.0  cm).The 
study demonstrated that in younger patients pre- 
ablation 131-I scans with SPECT/CT detected 
distant metastases in 5/138 patients (4%), and 
nodal metastases in 61/138 patients (44%), 
including unsuspected nodal metastases in 24 of 
63 (38%) patients initially assigned pN0 or pNx. 
In older patients, distant metastases were 
detected in 18/182 patients (10%), and nodal 
metastases in 51/182 patients (28%), including 
unsuspected nodal metastases in 26 of 108 

(24%) patients initially assigned pN0 or pNx. 
Pre-ablation scans with SPECT/CT detected 
distant metastases in 2/49 (4%) T1a and 3/67 
(4.5%) T1b patients.

For the entire group of 320 patients, pre- 
ablation 131-I scans with SPECT/CT detected 
regional metastases in 35%, and distant metasta-
ses in 8% of patients. Information acquired with 
pre-ablation scans changed staging in 4% of 
younger, and 25% of older patients. In summary, 
pre-ablation planar and SPECT/CT imaging con-
tributed to staging in thyroid cancer and facili-
tated the selective use of 131-I therapy for 
targeting regional and distant metastases identi-
fied with radioiodine scintigraphy.

Diagnostic pre-ablation 131-I scans are 
unlikely to underestimate the extent of metastatic 
disease, as demonstrated by the high concor-
dance rate (94%) between pre-ablation and post- 
therapy scans. In only 2% of patients did 
post-therapy scans reveal metastatic lesions 
which upstaged disease status as compared to 
diagnostic 131-I scan. When SPECT/CT technol-
ogy is applied to pre-ablation WBS scans, the 
information obtained completes postsurgical 
staging before management decisions regarding 
131-I therapy are made. Performing diagnostic 
radioiodine scans with planar and SPECT/CT 
imaging provides the opportunity to identify 
patients with unsuspected regional and distant 
metastases, defines the target of 131-I therapy, 
and permits adjustment of prescribed therapeutic 
radioactivity and dosimetry calculations, when 
high-dose 131-I therapy is considered [39, 66]. 
Avoidance of unnecessary 131-I therapy is 
equally important for patients in whom residual 
and/or metastatic disease has been excluded. 
SPECT/CT improves characterization of focal 
central neck activity as benign thyroid remnant 
when pathology review demonstrates no evi-
dence of extra-thyroidal tumor extension and 
negative surgical excision margins, justifying 
omission of radioiodine administration in such 
patients [49] (Table 5.2).

Table 5.2 summarizes the results of studies 
reporting on the use of diagnostic radioiodine 
scintigraphy with SPECT/CT.

5 SPECT/CT for Thyroid Cancer Imaging
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5.6  SPECT/CT Evaluation 
of Unusual Radioactive 
Distributions

Unusual patterns of radioiodine biodistribution 
which mimic metastatic disease are well recog-
nized and may raise a diagnostic dilemma for 
interpretation of planar radioiodine scintigraphy 
[67, 68]. Physiological radioiodine activity is 
seen in salivary glands, mucosa, breast, thymus, 
stomach, bowel, kidneys, and bladder. Salivary 
and urinary contamination should also be consid-
ered when unexpected focal activity distribution 
occurs. SPECT/CT is an excellent diagnostic tool 
for rapid evaluation of suspected physiologic 
mimics and can accurately localize radioiodine 
distribution to salivary glands, dental fillings, 
nasolacrimal secretions, retrosternal goiter, 
esophageal or airway secretions, hiatal hernias, 
bowel diverticula, breast, skin contamination, 
and benign uptake related to radioiodine reten-
tion in cysts, bronchiectasis, esophageal diver-
ticulum, thymus, spermatocele, functional 
ovarian cyst, benign struma ovarii, teratoma, or 
menstruating uterus [38, 40, 69–78]. Several 

authors have demonstrated the utility of SPECT/
CT for the evaluation of cryptic findings on 
radioiodine scintigraphy [24] including a wide 
range of physiological mimics of disease [79]. In 
a pictorial review of radioiodine scintigraphy for 
thyroid cancer evaluation, we have demonstrated 
the utility of SPECT/CT imaging for problem- 
solving in difficult interpretation cases, including 
salient examples of focal radioiodine uptake in 
the neck, thorax, and body, where benign and 
pathological etiologies are virtually indistin-
guishable on planar imaging, yet easily charac-
terized with SPECT/CT [80].

Several reports outline the usefulness of 
SPECT/CT for revealing unusual metastatic 
lesions in the liver, kidney, central nervous system, 
erector spinae muscle, and rectus abdominis mus-
cle [81–85]. SPECT/CT is useful for evaluation of 
distant metastatic disease [25, 27, 35, 37, 40, 86, 
87]. SPECT/CT can confirm osseous and pulmo-
nary sites of metastases, providing additional ana-
tomical diagnostic information to guide 
management decisions. In the thorax, SPECT/CT 
can precisely localize malignancy to bone (ribs or 
spine), lung, or mediastinal lymph nodes (Fig. 5.4).

a c

d

e

fb

Fig. 5.4 Pre-ablation 131-I scan in a 19-year-old-woman 
with unifocal papillary thyroid cancer (2 cm tumor in the 
left lobe with focal lymphovascular invasion and extrathy-
roidal extension) associated with lymph nodal metastases 
in the left neck at presentation: 3+/17 lymph nodes 
resected in the surgical specimen of total thyroidectomy; 
T3 N1b Mx, Stage I disease. Planar anterior (a) and pos-
terior (b) images demonstrate the presence of pulmonary 

metastatic disease. T1b N1b M1, Stage II disease. 
Correlative coronal, axial CT (c and e), and fused SPECT/
CT (d and f) images reveal multifocal chest activity cor-
responding to multiple bilateral pulmonary nodules, the 
largest of which measures 5 mm. Identification of unsus-
pected pulmonary metastases on pre-ablation scan permit-
ted administration of high-dose 131-I therapy based on 
dosimetry calculations

5 SPECT/CT for Thyroid Cancer Imaging
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5.7  Changes to Clinical 
Management

Most of the changes in the new eighth edition 
of the American Joint Committee on Cancer/
International Union against Cancer will be to 
downstage a significant number of patients into 
lower stages and aim to reflect their low risk of 
dying from thyroid cancer more accurately. It 
is important to remember that the risk of death 
from thyroid cancer does not match the risk of 
recurrence in many patients. Therefore, more 
individualized and accurate assessments of the 
risk of recurrence and dying from the disease 
should have a substantial impact on both initial 
therapeutic decision-making (e.g., extent of 
thyroid surgery, need for radioactive iodine 
treatment, and/or need for TSH suppressive 
therapy) and on follow-up management strate-
gies [18]. In conjunction with pre-ablation or 
post-therapy scans, SPECT/CT has been used 
for completion of thyroid cancer staging, 
impacting clinical management, and providing 
important prognostic information. It is a pow-
erful diagnostic tool which allows precise 
localization of radioactivity and improved 
characterization of benign and malignant 
radioactivity distributions compared to planar 
imaging. Routine implementation of SPECT/
CT imaging with radioiodine scintigraphy may 
lead to reassessment of current management 
protocols in thyroid cancer. The use of radioio-
dine SPECT/CT has been reported to change 
clinical management in a significant numbers 
of patients, both when used routinely on all 
consecutive patients and when used on selected 
patients with inconclusive planar images. 
Potential changes in management include deci-
sions such as administration or withholding 
radioiodine treatment, referral for surgical 
reintervention and guiding the extent of sur-
gery, patient selection for external-beam radia-
tion therapy, and the use of alternative imaging 
strategies such as 18F-FDG PET/CT when 
non–iodine-avid metastatic disease is sus-
pected. Depending on the clinical context, the 
timing of the radioiodine scan (pre-ablation or 
post- therapy), and the therapeutic protocols at 
each institution, a change in management has 

been reported in 11–58% patients in various 
studies [24, 26, 28, 33, 36, 37, 40, 51].

Radioiodine SPECT/CT also provides prog-
nostic information regarding success of radioio-
dine treatment as determined by clinical 
follow-up and surveillance diagnostic 131-I 
whole-body imaging. Schmidt et al. using short- 
term follow-up reported that almost all patients 
with negative post-therapy SPECT/CT (60/61 
patients) had a negative 5-month diagnostic 
131-I scan, and even the majority with positive 
post- therapy SPECT-CT (17/20 patients) still 
had negative diagnostic scan [33]. The authors 
identified a neck nodal volume of <0.9 mL on 
SPECT/CT to be highly likely to respond to 
131-I therapy and commented that surgical rein-
tervention for resection of lymph nodal metasta-
ses of this size would be excessive. The positivity 
or negativity for disease as determined by post-
therapy SPECT/CT correlated more closely to 
success or failure of radioiodine treatment than 
the planar imaging findings [22]. Identification 
of unsuspected distant metastases in 4% of 
younger patients and 10% of older patients was 
associated with an upstage in disease status and 
led to prescription of therapeutic 131-I activity 
based on dosimetric calculations. In patients for 
whom 131-I therapy is considered based on his-
topathologic prognostic factors, pre-ablation 
131-I scintigraphy can detect metastases in nor-
mal-size cervical lymph nodes (which may not 
appear suspicious on postoperative neck ultra-
sonography), can identify pulmonary micro-
metastases (which are too small to be detected 
on routine chest X-ray and may remain unde-
tected on computed tomography), and can diag-
nose bone metastases at an early stage before 
cortical disruption is identified on bone X-rays. 
The information obtained with diagnostic radio-
iodine studies has the potential to impact man-
agement decisions, e.g., whether to proceed or 
omit therapeutic 131-I administration, refer for 
surgical debulking prior to 131-I therapy, or per-
form additional imaging studies when non–
iodine-avid disease is demonstrated by negative 
radioiodine scans but elevated thyroglobulin 
levels. The benefits of obtaining this informa-
tion at an early postoperative time point in the 
disease process are not negligible, because 

A. M. Avram and H. Savas
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131-I therapy is most effective for smaller meta-
static deposits, and early identification of 
regional and distant metastases is important for 
successful therapy [33, 88] (Fig. 5.5).

To determine the effectiveness of a manage-
ment strategy based on radiotheragnostics prin-
ciples, Avram et  al. analyzed their routine 
evaluation with postoperative diagnostic 131-I 

a b

c

d

Fig. 5.5 Diagnostic 131-I SPECT/CT imaging in a 
56-year-old-woman with 1.2 cm papillary thyroid cancer 
without capsular invasion, no extra-thyroidal extension, 
and negative surgical margins; no pathologic evidence for 
nodal disease (0/3 central nodes submitted); pT1b N0 M0, 
Stage I disease. Planar scan (a) depicts focal neck activity 
characterized on SPECT/CT as remnant thyroid tissue. 
There is a faint focus of uptake in the right lower thorax 
on planar anterior whole-body image (arrow) Correlative 
axial SPECT (b), CT (c), and fused SPECT/CT (d) reveal 

focal activity in the liver corresponding to a 0.8  cm 
hypodense lesion (arrows) also confirmed on liver US and 
MRI, consistent with hepatic metastasis. Restaging: T1b 
N0 M1, Stage IVC disease. Identification of unsuspected 
hepatic metastasis on pre-ablation scan permitted admin-
istration of high-dose 131-I therapy instead of low-dose 
131-I remnant ablation. Subsequent 131-I scan obtained 
at 6 months after 200 mCi (7.4 GBq) 131-I therapy con-
firmed interval resolution of liver metastasis (not shown)

5 SPECT/CT for Thyroid Cancer Imaging
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SPECT/CT scans for completion of staging and 
risk stratification and individualized 131-I ther-
apy guided by diagnostic scan findings in addi-
tion to surgical pathology and postoperative 
stimulated thyroglobulin (Tg) levels on 320 
patients. The study showed that the patient- 
individualized therapeutic strategy is associated 
with good clinical outcomes with complete 
response after a single postoperative 131-I treat-
ment in 88% of patients presenting with histopa-
thology risk factors and regional metastases and 
in 42% patients with distant metastatic disease 
[89].

5.8  Comparison to Other 
Imaging Modalities

Qiu et  al. studied patients with suspected bone 
metastases and compared the test performance of 
99mTc-methylene diphosphonate (MDP) bone 
scan, 131-I SPECT/CT, and FDG PET.  They 
found that 131-I SPECT/CT sensitivity 93% and 
specificity 97% were higher than FDG PET sen-
sitivity 86% and specificity 94%, and both were 
higher than bone scintigraphy sensitivity 79% 
and specificity 84%. FDG PET positivity was 
associated with poor prognostic features, survival 
rate of 69% compared to 93% in FDG PET nega-
tive patients [90].

Oh et  al. studied the performance of WBS, 
SPECT/CT, and FDG PET.  The 131-I SPECT/
CT sensitivity of 65% and specificity of 95% 
were similar to FDG PET sensitivity of 61% and 
specificity of 98%, and both were higher than 
planar whole-body scan sensitivity 65% and 
specificity 55%. Subgroup analysis found that 
131-I-SPECT/CT sensitivity was better in 
patients with a single 131-I treatment, whereas 
FDG PET had higher sensitivity patients with 
multiple 131-I challenges [91]. On a recent study 
performed with Bulzacka and Macarawicz, they 
evaluated the utility of neck US for detection of 
thyroid remnants and compared the diagnostic 
capability of identification of lymph node metas-
tases in neck with post-therapy 131-I SPEC/CT 
and neck ultrasound in patients after thyroidec-

tomy for differentiated thyroid cancer They found 
341 positive foci in 150 patients (97.4%) by 
SPECT/CT and 213 corresponding positive find-
ing in 118 patients (76.6%) by US.  Ultrasound 
detected 30–46% of iodine uptake foci in supe-
rior lateral regions, 49% in pyramidal lobe/thyro-
glossal duct area (both p  <  0.05), 74–77% in 
inferior lateral regions, and 22% in isthmus (both 
p > 0.05). They concluded that US is less sensi-
tive than post-therapy 131-I SPECT/CT scans for 
remnant detection in patients after thyroidec-
tomy, especially for remnants located above the 
lower margin of thyroid cartilage [92].

5.9  Utility of Radioiodine SPECT/
CT for Lesional Dosimetry

Future directions for the use of hybrid radioio-
dine imaging involve the use of SPECT/CT to 
perform lesion-specific dosimetry. Lesion radio-
iodine uptake and retention can be quantified on 
SPECT, and tumor volume can be measured on 
the CT component of the SPECT/CT study, per-
mitting calculation of radiation absorbed dose to 
tumor. Follow-up with SPECT/CT can be used to 
determine therapeutic responses and assess tumor 
shrinkage. An example of this approach has been 
reported in a patient with a large skull metastasis 
causing infringement on the brain [93]. Other 
authors have demonstrated the feasibility of 
patient-specific three-dimensional dosimetry 
using multiple SPECT/CT images, in which the 
patient’s own anatomy and spatial distribution of 
radioactivity over time are factored into the cal-
culation of radiation absorbed dose to tumor 
(lesion dosimetry) or to an organ of interest 
(organ dosimetry) [94]. The CT images of 
SPECT/CT studies are used to provide the den-
sity and composition of each voxel for use in a 
Monte Carlo calculation and to define organs or 
regions of interest for computing spatially aver-
aged doses. The longitudinal series of SPECT 
images is used to perform time integration of 
activity in each voxel and to obtain the cumulated 
activity per voxel [94]. The goal of patient- 
specific voxel-based absorbed dose calculations 
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is to improve prediction of the biologic effects of 
radionuclide therapy.

5.10  Disadvantages 
and Limitations of SPECT/CT

Disadvantages of SPECT/CT include additional 
imaging time and possible patient discomfort and 
claustrophobia from lying in a confined position 
for approximately 20 min in 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) [95]. 
SPECT/CT has an axial field of view limited to 
40 cm in the current imaging systems; therefore, 
evaluation of both neck and distant radioactive 
foci may require two separate SPECT/CT acqui-
sitions [95]. Analysis of benefit and potential risk 
should be performed on an individual basis in the 
young female and particularly in the pediatric 
population [96]. Kim studied 13 children with 
131-I/123-I diagnostic SPECT/CT reporting that 
the SPECT/CT helped clarify equivocal foci in 
the neck, helping to inform decisions including 
not to proceed to 131-I treatment [97].

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, 
micro-metastatic lesions cannot be detected with 
SPECT/CT. Similarly, SPECT/CT is insensitive 
for the detection of residual locally invasive thy-
roid 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 structures and completion of surgical resec-
tion. These elements are of critical importance 
when one is interpreting the significance of para-
tracheal central neck activity as benign thyroid 
remnant versus residual disease. When patho-
logic review of the surgical resection specimen of 
total thyroidectomy demonstrates no evidence of 

tumor extrathyroidal extension and surgical exci-
sion margins are negative, focal paratracheal cen-
tral neck activity can be characterized as a benign 
thyroid remnant. Non–iodine-avid disease, which 
occurs in 20–30% of differentiated thyroid can-
cer [59, 98], may remain undetected on SPECT/
CT and lead to false-negative interpretations 
(Fig. 5.1). The possibility of non–iodine-avid dis-
ease needs to be considered in the context of 
Hurthle cell thyroid cancer, papillary thyroid 
cancer with unfavorable histology (e.g., tall cell, 
columnar, or cribriform variants), and poorly dif-
ferentiated thyroid cancer (such as trabecular, 
insular, or solid variants). Therefore, the review 
of histopathology and biochemical data—thyro-
globulin, thyrotropin, free thyroxine—remains 
essential for accurate interpretation of the find-
ings on radioiodine planar and SPECT/CT 
scintigraphy.

5.11  Conclusion

Considerable progress in the interpretation of 
radioiodine scintigraphy in thyroid cancer has 
been achieved by the introduction of SPECT/
CT. SPECT/CT is a powerful diagnostic tool that 
allows accurate anatomic localization and charac-
terization of radioiodine foci and has substantially 
improved the interpretation of classic radioiodine 
scintigraphy. SPECT/CT reduces the number of 
equivocal radioiodine foci encountered in the neck 
and body and allows more precise characterization 
of the etiology (benign vs. malignant) of focal 
radioiodine uptake seen on WBS, contributing to 
completion of staging in thyroid cancer by 
improved characterization of N and M scores. 
Accurate staging and risk stratification are impor-
tant for thyroid cancer management as they deter-
mine the prognosis for survival and risk of 
recurrence and guide therapeutic decisions and 
intensity of surveillance. The additional informa-
tion obtained with SPECT/CT impacts manage-
ment in a significant number of patients. The new 
technology of SPECT/CT has changed the field 
and may lead to reassessment of current manage-
ment protocols and guidelines in thyroid cancer.
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