
PET and PET/CT imaging in thyroid and adrenal diseases: 
an update

Giorgio Treglia,1 Luca Giovanella,1 Vittoria Rufini2

1Department of Nuclear Medicine and PET/CT Center, Oncology Institute of Southern Switzerland, Bellinzona, 
Switzerland, 2Institute of Nuclear Medicine, Catholic University of the Sacred Heart, Rome, Italy

Abstract

Positron emission tomography (PET) and PET/computed tomography (PET/CT) with different 
tracers are imaging methods increasingly used in patients with thyroid and adrenal diseases. 
The aim of this article is to provide an overview based on literature data about the usefulness of 
PET imaging in this setting. PET and PET/CT with different tracers have been used in patients 
with thyroid diseases including differentiated thyroid carcinoma, medullary thyroid carcinoma, 
and poorly differentiated and anaplastic thyroid carcinoma. The usefulness of 18F-FDG-PET 
and PET/CT in assessing indeterminate thyroid nodules at fine needle aspiration biopsy and 
the clinical relevance of thyroid incidental 18F-FDG uptake has also been evaluated. Currently, 
great interest is being shown in a variety of PET tracers that target specific characteristics 
of adrenal gland function, allowing a more accurate characterization of adrenal masses and 
staging of adrenal tumors. Since PET/CT using different tracers is an expensive diagnostic 
tool which necessitates ionizing radiation exposure, cost-effectiveness studies are needed in 
order to define the appropriate use of this diagnostic method in various endocrine disorders.
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Introduction

Positron emission tomography (PET) and PET/
computed tomography (PET/CT) are established 
diagnostic tools in the management of many solid 
tumors. PET/CT is a hybrid technique which com-

bines morphological information obtained by the CT 
component with functional data provided by PET 
imaging.1 There is increasing evidence in the literature 
about the usefulness of PET and PET/CT imaging 
with different tracers in various endocrine disorders. 
Fluorine-18-Fluorodeoxyglucose (18F-FDG) is the 
most frequently used PET tracer in oncology.1 This 
glucose analogue is trapped by cells via the glucose 
transporters (GLUTs). GLUTs overexpression is 
particularly prevalent in aggressive endocrine tumors; 
in addition, overexpression of hexokinase-1 promotes 
18F-FDG uptake in cancer cells.2 Several PET tracers 
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other than 18F-FDG have also been used in endocrinol-
ogy to evaluate different metabolic pathways (Tables 
1, 2). For example, Iodine-124 (124I) has been used 
to study the iodine metabolism in thyroid tumors.3 
Fluorine-18-Dihydroxyphenylalanine (18F-DOPA), 
which assesses the amino acid uptake, decarboxyla-
tion and storage,4 and Gallium-68-somatostatin ana-
logues (68Ga-SMS), which evaluate the somatostatin 
receptor status,5 are PET tracers particularly useful 
in medullary thyroid carcinoma, paraganglioma/
pheochromocytoma and other neuroendocrine tumors 
(NETs). Fluorine-18-Dopamine (18F-Dopamine) 
and Carbon-11-Hydroxyephedrine (11C-HED) assess 
the catecholamine uptake and storage and are use-
ful in NETs and in tumors of the adrenal medulla. 
Lastly, Carbon-11-Metomidate (11C-Metomidate) and 
analogues are PET tracers used in the evaluation of 
lesions of the adrenal cortex.6

The aim of this article is to provide an overview 

about the role of PET and PET/CT with different 
tracers in thyroid and adrenal diseases

PET and PET/CT in thyroid diseases

During the last two decades PET and PET/CT 
with different tracers have been used increasingly in 
patients with thyroid diseases, including differentiated 
thyroid carcinoma (DTC), poorly differentiated and 
anaplastic thyroid carcinoma (PDTC and ATC), and 
medullary thyroid carcinoma (MTC). The usefulness 
of these techniques in assessing indeterminate thyroid 
nodules at fine needle aspiration biopsy (FNAB) and 
the clinical relevance of thyroid incidental 18F-FDG 
uptake at PET imaging have been also evaluated.

- PET and PET/CT in differentiated thyroid 
carcinoma

DTC cells expressing the sodium-iodine symporter 
take up radioiodine. In a small percentage of DTC 

Table 1. Most frequently used PET tracers in thyroid tumors

PET tracers Function explored Thyroid tumors evaluated

Fluorine-18 Fluorodeoxyglucose
(18F-FDG)

Glucose metabolism Poorly differentiated and more aggressive 
thyroid tumors

Iodine-124 (124I) Iodine metabolism Differentiated thyroid carcinoma

Fluorine-18-Dihydroxyphenylalanine
(18F-DOPA)

Amino acid uptake, decarboxylation  
and storage

Medullary thyroid carcinoma

Gallium-68-somatostatin analogues
(68Ga-SMS)

Somatostatin receptor expression Medullary thyroid carcinoma

Table 2. Most frequently used PET tracers in adrenal tumors

PET tracers Function explored Adrenal tumors evaluated

Fluorine-18 Fluorodeoxyglucose
(18F-FDG)

Glucose metabolism Poorly differentiated and more aggressive 
adrenal tumors

11C-Metomidate
(11C-Metomidate)

Corticosteroids synthesis Tumors of the adrenal cortex

Fluorine-18-Dihydroxyphenylalanine
(18F-DOPA)

Amino acid uptake,  
decarboxylation and storage

Paraganglioma/Pheochromocytoma

Gallium-68-somatostatin analogues
(68Ga-SMS)

Somatostatin receptor expression Paraganglioma/Pheochromocytoma

Fluorine-18-Dopamine
(18F-Dopamine)

Catecholamine uptake and storage Paraganglioma/Pheochromocytoma

Carbon-11-Hydroxyephedrine
(11C-HED)

Catecholamine uptake and storage Paraganglioma/Pheochromocytoma
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the cells are de-differentiated and the radioiodine 
uptake capacity is lost. These cells multiply more 
rapidly and are metabolically more active, while their 
glucose metabolism is increased.7

Low-risk patients with DTC are very unlikely to 
require 18F-FDG-PET or PET/CT as part of initial 
staging or follow-up. Moreover, to date, 18F-FDG-PET 
and PET/CT are not recommended for preoperative 
assessment of DTC.8 Currently, the most valuable 
role of 18F-FDG-PET and PET/CT in the work-up 
of DTC is to be seen in those patients who present 
with increasing serum thyroglobulin (Tg) levels and a 
negative diagnostic radioiodine whole-body scan post-
thyroidectomy, according to the American Thyroid 
Association (ATA) guidelines.8 If no disease sites are 
identified on conventional imaging or radioiodine 
whole-body scan or Tg levels are elevated out of 
proportion to minor disease found on conventional 
imaging, 18F-FDG-PET or PET/CT should be per-
formed to detect recurrent or metastatic disease.7,8 A 
meta-analysis to determine the diagnostic accuracy 
of 18F-FDG-PET and PET/CT in DTC patients who 
presented with elevated serum Tg levels post-thyroid-
ectomy and negative radioiodine whole-body scan 
reported a good diagnostic accuracy of these methods 
with pooled sensitivity and specificity of 88.5% and 
84.7%, respectively. The pooled values of sensitivity 
increased when only 18F-FDG-PET/CT studies were 
considered in the analysis (93.5%), demonstrating a 
superior diagnostic accuracy of PET/CT compared 
to PET alone.9

The current ATA guidelines suggest that FDG-
PET or PET/CT should be performed when Tg levels 
are >10 ng/mL.8 In any case, no clear cut-off value of 
Tg can be established in clinical practice.10

Clinical evidence is emerging that the performance 
of 18F-FDG-PET and PET/CT for the detection of 
Tg-positive and radioiodine-negative metastases of 
DTC is also improved after thyrotropin stimulation 
(either by hormone withdrawal or recombinant hu-
man thyrotropin administration); however, the clinical 
significance of this improved diagnostic performance 
remains uncertain.11

18F-FDG-PET or PET/CT in DTC are also use-
ful prognostic factors for identifying which patients 
with known distant metastases are at highest risk 

for disease-specific mortality.12 These methods rep-
resent valuable selection tools for identifying those 
patients who are unlikely to respond to additional 
radioiodine therapy and may allow the measure-
ment of post-treatment response following external 
beam irradiation, surgical resection, embolization or 
systemic therapy.7,8

There are increasing literature data about the 
usefulness of 124I-PET and PET/CT in DTC.13 Two 
aspects deserve special mention with regard to the 
applications of these functional imaging methods: 
the staging of recurrent/residual disease in DTC 
and the dosimetry before treatment with Iodine-131 
(131I). 124I-PET and PET/CT provide images of higher 
spatial resolution and lesion contrast than either 
planar imaging or tomographic imaging with 131I, 
although the impact of this improved lesion detec-
tion compared to 131I imaging in patients with known 
or suspected metastatic DTC remains to be proven.7 
The combination of 18F-FDG and 124I-PET/CT allows 
detection of non-iodine-avid lesions and discrimina-
tion from simultaneously occurring iodine-positive 
lesions, thus improving restaging in recurrent DTC.14 
The pre-treatment dosimetry by using 124I-PET may 
result in a significant alteration in the therapeutic 
procedure compared to standard therapy with fixed 
activities of 131I.13

- PET and PET/CT in poorly differentiated and 
anaplastic thyroid carcinoma

PDTC and ATC show aggressive clinical behavior 
with high glucose metabolism and intense 18F-FDG 
uptake. In patients with PDTC and ATC, 18F-FDG-
PET or PET/CT may be indicated for staging and 
for prognostic purposes and, in selected cases, for 
evaluating the efficacy of therapy.14,15

- PET and PET/CT in medullary thyroid 
carcinoma

PET imaging with different tracers is not recom-
mended for routine initial screening of patients with 
a FNAB and/or serum calcitonin levels suggestive for 
MTC, but it may have a role in detecting suspected 
MTC recurrences, based on increased serum calcitonin 
levels post-thyroidectomy. In fact, MTC recurrences 
are often difficult to detect using conventional imag-
ing and traditional scintigraphic methods.16-18 There is 
increasing evidence in the literature of the beneficial 
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role of 18F-FDG-PET and PET/CT in recurrent MTC; 
these methods could be very helpful in detecting 
MTC recurrences in those patients in whom a more 
aggressive disease is suspected.17,19 To date, 18F-DOPA 
seems to be the most useful PET tracer in detecting 
recurrent MTC based on rising levels of calcitonin.20 
Nevertheless, the literature focusing on the use of 18F-
DOPA-PET or PET/CT in the detection of recurrent 
MTC still remains limited.21 Other PET tracers, such 
as 68Ga-SMS, were also evaluated for this indication in 
a limited number of studies.17 At any rate, the differ-
ent PET tracers reflect different metabolic pathways 
and seem to show a complementary role in detecting 
recurrent MTC.17,20

- PET and PET/CT in thyroid nodules with 
indeterminate FNAB and thyroid incidental 
18F-FDG uptake

There is great interest in the role of 18F-FDG-PET 
and PET/CT in addressing histologically non-diag-
nostic or inconclusive thyroid nodules at FNAB.22,23 
A recent meta-analysis reported a pooled sensitivity, 
specificity, positive predictive value, negative predic-
tive value and accuracy of 95%, 48%, 39%, 96%, and 
60%, respectively. False-negative ratio of 18F-FDG-
PET or PET/CT in this setting is low; therefore, 
these methods may help to identify patients who 
would benefit from surgery. Conversely, a positive 
18F-FDG-PET result does not identify cancer because 
approximately 50% of these patients had benign 
nodules.23 In addition, a recent prospective study 
demonstrated that adding 18F-FDG-PET/CT findings 
to neck ultrasonography provides no diagnostic benefit 
because the sensitivity (77%) and specificity (62%) 
of 18F-FDG-PET/CT in the presurgical evaluation of 
indeterminate thyroid nodules are too low to recom-
mend its use routinely.24 Therefore, incorporation of 
18F-FDG-PET or PET/CT into the initial work-up of 
patients with non-diagnostic or inconclusive cytology 
before surgery deserves further investigation.

Sometimes 18F-FDG-PET and PET/CT reveal 
thyroid incidental uptake (TIU) of the tracer which 
may have a focal or a diffuse pattern. Diffuse TIU 
at 18F-FDG-PET or PET/CT can be considered at 
low risk of malignancy, being more likely associated 
with thyroiditis or diffuse thyroid autonomy. Con-
versely, focal TIU at 18F-FDG-PET or PET/CT can 

represent both benign and malignant lesions with 
a risk of malignancy of about 35%.25,26 Therefore, 
a complete work-up including laboratory examina-
tions, ultrasonography and FNAB should usually be 
obtained to exclude malignant lesions in focal TIU 
detected by 18F-FDG-PET or PET/CT.

PET and PET/CT in adrenal diseases

Nuclear medicine procedures provide unique 
functional information in patients with adrenal dis-
eases, which can be particularly useful both in the 
presence of a hyperfunctioning clinical syndrome 
for localizing the site of hormonal hyperproduction 
(i.e. enabling the differential diagnosis between uni-
lateral and bilateral forms), and in the presence of 
anatomic alteration seen on morphological imaging 
for characterizing the adrenal lesion (i.e. distinguish-
ing benign from malignant ones). Currently, great 
interest is being focused on a variety of PET tracers 
that target specific characteristics of adrenal gland 
function, allowing an accurate characterization and 
staging of adrenal tumors.

- Adrenal cortex

Although 18F-FDG is not specific for the adrenal 
gland, PET and PET/CT using this tracer are able to 
differentiate benign masses which usually show faint 
18F-FDG uptake, from malignant ones which show 
significantly higher 18F-FDG uptake, with a diagnostic 
accuracy of 75-100%.27 A recent systematic review and 
meta-analysis revealed that most adrenal masses can 
be characterized as benign or malignant by using 18F-
FDG-PET or PET/CT with high sensitivity (97%) and 
specificity (91%); false positive results can occur in 
some benign adrenal masses, particularly adenomas.27 
18F-FDG-PET and PET/CT compare favorably with 
a CT washout test for the characterization of adrenal 
masses, so that further imaging tests are generally 
unnecessary.27 Furthermore, 18F-FDG-PET and PET/
CT may identify extra-adrenal metastatic lesions in 
malignant adrenal diseases and may also be useful 
to evaluate tumor response to treatment.28

11C-Metomidate is an inhibitor of 11C-hydroxylase, 
a key enzyme in corticosteroids synthesis. PET with 
11C-Metomidate (or its analogues) allows identifica-
tion of lesions of adrenocortical origin. Therefore, by 



PET imaging in endocrinology	 331

using this tracer, adrenal metastases and pheochro-
mocytomas are differentiated from adrenocortical 
tumors.29 However, 11C-Metomidate-PET and PET/
CT do not allow differentiation between benign and 
malignant adrenocortical lesions. Furthermore, the 
short half-life of 11C (20 minutes) limits the use of 
11C-Metomidate to centers with on-site cyclotron.29

- Adrenal medulla

Recently, a wide range of PET radiopharmaceu-
ticals, both specific and non-specific for chromaffin 
tumors, have emerged as an alternative method to 
radioiodinated metaiodobenzylguanidine (MIBG) 
scintigraphy, which is still the most widely used func-
tional imaging technique for localizing pheochromocy-
toma.30,31 Specific PET radiopharmaceuticals include 
11C-HED, 18F-DOPA and 18F-Dopamine, which are 
used for imaging purposes, and 124I-MIBG, which 
is used especially for dosimetric estimates prior to 
131I-MIBG therapy; non-specific PET tracers include 
18F-FDG and 68Ga-SMS.30

The catecholamine analogue 11C-HED was the first 
positron emitter tracer specific for chromaffin tumors 
to be used in humans. PET with 11C-HED has been 
applied in patients with pheochromocytoma, allow-
ing the visualization of both primary and metastatic 
lesions (90% sensitivity); however, its widespread 
clinical use is limited by the short physical half-life 
of 11C, requiring onsite production, and high costs.32

Furthermore, 18F-Dopamine, a catecholamine pre-
cursor, and 18F-DOPA, an amino acid that is converted 
by aromatic amino acid decarboxylase to dopamine, 
provide excellent imaging of pheochromocytomas, 
with higher diagnostic sensitivity than 18F-FDG and 
123/131I-MIBG, and high specificity.32,33 Additional 
advantages of 18F-DOPA and 18F-Dopamine over 
123/131I-MIBG are: short time of imaging, less radia-
tion exposure, no need of thyroid blockade and of 
withdrawing medication (with 18F-DOPA).32,34

18F-FDG is not recommended for initial diagnosis 
of pheochromocytoma since it is not specific; due 
to its ability in identifying hypermetabolic lesions, 
it also depicts adrenocortical cancer and metastatic 
lesions. Moreover, 18F-FDG has a limited sensi-
tivity, about 70% for solitary benign or malignant 
pheochromocytoma; nevertheless, it may have a 

role as an alternative modality in MIBG-negative 
malignant pheochromocytomas, mainly those with 
SDHB mutation.30,32,35

In addition, 68Ga-SMS are under evaluation for 
PET imaging in tumors originating from the adrenal 
medulla; the preliminary data available suggest that 
68Ga-SMS-PET and PET/CT may be useful in patients 
with pheochromocytoma/paraganglioma.36

Recent studies with different PET radiopharma-
ceuticals have shown different results in the various 
clinical syndromes of pheochromocytoma (sporadic 
versus familial forms or benign versus malignant 
forms), supporting the need for an individualized ap-
proach guided by the clinical and genetic phenotype. 
According to recent published EANM guidelines 
for radionuclide imaging of pheochromocytomas 
and paragangliomas, there is no clear advantage of 
PET radiopharmaceuticals over MIBG in patients 
with non-metastatic sporadic pheochromocytoma, 
due to the good sensitivity of MIBG scintigraphy in 
these patients.37 A real advantage of PET radiop-
harmaceuticals seems to be for patients with meta-
static disease, whose extent may be underestimated 
by MIBG scintigraphy. In these patients, different 
behaviors of PET radiopharmaceuticals have been 
reported in different clinical syndromes on the basis 
of specific gene mutations. In the absence of SDHB 
mutation or when genetic status is unknown, 18F-
DOPA seems to be the tracer of choice, whereas in 
patients with SDHB associated pheochromocytoma/
paraganglioma—in whom both MIBG and 18F-DOPA 
show disappointing results—18F-FDG is the preferred 
agent for localizing metastatic lesions.35,37,38

Conclusion

There is increasing evidence in the literature about 
the usefulness of PET/CT imaging with different 
tracers in thyroid and adrenal diseases. Since PET/
CT is an expensive diagnostic tool which necessitates 
ionizing radiation exposure, cost-effectiveness studies 
are needed in order to define the appropriate use of 
this diagnostic method in various endocrine disorders.
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