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          Introduction 

 Positron emission tomography-computed  tomography 
  (PET-CT) is a diagnostic technique that has become very 
important in oncology [ 1 ]. The objective of this chapter is to 
present an overview of the following topics: PET physics 
and scanners, radiopharmaceutical for PET and indications, 
imaging technique, normal fi ndings and variations, interpre-
tation of PET-CT scans, false-positive fi ndings,  18 F-FDG 
PET-CT and PET scanning in differentiated thyroid cancer 
(DTC), role in thyroglobulin (Tg)-positive and iodine- 
negative patients, prognostic value of  18 F-FDG PET scans, 
and the role of TSH in  18 F-FDG PET scanning. The chapter 
concludes with a brief introduction to  124 I PET scanning and 
other PET-CT radiopharmaceuticals.  

    PET Physics and Scaners 

  The basis for a PET  scan   is the injection of a positron- 
emitting radiopharmaceutical into the patient that localizes 
in cancers and can be imaged. A positron is a positive elec-
tron, and when emitted from the radioisotope, it travels up to 
a few millimeters before coming in contact with an electron 
that has a negative charge. These particles of equal mass and 
opposite charges annihilate one another. The annihilation of 
the masses of the positive and negative electrons produces 
two photons, each with an energy of 511 keV. This is derived 

from the equation  e  =  mc  2 . The photons travel in opposite 
directions with an angle of 180°. A positron camera usually 
consists of a ring of detectors designed to identify photons 
interacting at precisely the same time on opposite positions 
on the ring (180°). These are called coincident events. 
Millions of coincident events can be reconstructed into 
images of the distribution of the positron-emitting radio-
pharmaceutical within the patient. 

 However, an important problem for imaging positron- 
emitting radiopharmaceuticals is the correction of attenua-
tion of those photons by the tissue. Specifi cally, coincident 
photons arising from different parts of the patient travel 
through different lengths of the body before reaching the 
ring of detectors. Thus, when a positron is emitted from a 
lesion in the skin on a shoulder, one photon travels through 
millimeters of tissue and then strikes the detector whereas 
the other photon has to travel through the width of the patient 
before interacting with the opposing detector. However, 
more of the photons that have to travel the longer distance 
through tissue will be absorbed (thus more attenuation) than 
those that have to travel the shorter distance—attenuation. In 
order to take this into account, the attenuation of the photons 
by the tissues of the body must be corrected. Historically, 
this has been obtained by repeating the scan using a source 
of radiation such as germanium ( 68 Ge) outside the patient, 
which in turn allows a measure of the different amounts of 
attenuation present. Over the past several years, improved 
technology has resulted in a PET scanner that has been com-
bined with a CT scanner (PET-CT) [ 2 ]. The CT images are 
now used routinely for attenuation correction and for provid-
ing an anatomic correlation with the functional PET images. 
Currently, most companies manufacture predominately 
hybrid PET-CT scanners, and now, the fi rst clinical  PET-MR 
hybrid scanner   has been installed. Because the positron 
detector is about 15 cm long, the detector must be moved to 
six to seven positions, called bed positions, in order to image 
the entire head, neck, and trunk areas. A PET scan takes 
approximately 30 min to complete. The extrinsic attenuation 
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correction by the older technique (i.e.,  68 Ge) required a 
 further 20–30 min, but this is reduced to about 1–2 min for 
combined PET-CT. Therefore, the combined PET-CT scan 
provides better attenuation correction, additional anatomic 
information, and faster throughput of patients. 

 Prior to the widespread sale and installation of hybrid 
PET-CT scanners, several companies produced scintigraphic 
gamma cameras. These were conventional whole-body 
gamma cameras with two detectors whose primary functions 
were to produce anterior and whole-body scintiscans or 
single- photon tomographic images. The two heads could 
also be used for detecting coincident gamma rays, and there-
fore, they could be used for PET imaging [ 3 – 5 ]. Unfortunately, 
these cameras had several disadvantages, the most important 
of which was the reduced counting ability of the two detec-
tors versus the ring format of a dedicated PET instrument. 
Secondly, these cameras also had signifi cantly reduced 
 resolution, whereas one of the important benefi ts of a PET 
scanner is the excellent resolution. The future will be in the 
dedicated PET scanners combined with CT.   

    Radiopharmaceuticals for PET 
and Indications 

   In oncology,  the   PET  radiopharmaceutical   that is most 
 frequently employed is  18 F-fl uorodeoxyglucose ( 18 F-FDG). 
 18 F- FDG is taken into cells by Glut transporters where it is 
acted on by hexokinase. However, thereafter, it is not metab-
olized as rapidly as glucose and remains within the cells. 
Cancer cells have an increase in Glut and hexokinase. Images 
are obtained 1–2 h after intravenous injection of  18 F-FDG 
and demonstrate cells that have taken up and retained this 
radio-agent. 

 The main role of PET using  18 F-FDG is in areas of oncol-
ogy distinct from thyroid cancer, and these include differenti-
ating a benign from malignant lung nodule, in staging and 
evaluating the response to therapy of non-small cell lung can-
cer, lymphoma, head and neck cancer, esophageal and recur-
rent colorectal cancer, and melanoma or breast cancer [ 6 – 10 ]. 
PET-CT imaging of the brain is also important not only for 
cancers but in diagnosis of degenerative diseases such as 
Alzheimer’s, multi-infarct dementia, and Parkinson’s disease. 

PET-CT also has a role in defi ning whether or not ischemic 
myocardium is viable. In the management of patients with 
differentiated thyroid cancer, its main indication is the evalu-
ation of patients who have an elevated  thyroglobulin (Tg) 
blood level and a negative whole-body  131 I and/or  123 I diag-
nostic scan and/or  131 I post-therapy scan.  18 F- FDG is approved 
for this purpose in the United States. It is also valuable in the 
patient who has a positive radioiodine scan but where the thy-
roglobulin is disproportionally high (e.g., a small remnant 
with uptake <1 % seen on  scintiscan associated with a Tg 
>1000 ng/ml). Another use, albeit a minor one, is to differenti-
ate a benign from a malignant thyroid nodule, but the reliabil-
ity and cost-effectiveness argue against this approach (see 
Chap.   25    ).   18 F-FDG PET-CT   has a limited role in pretreat-
ment staging of patient with newly diagnosed cancer, but it is 
useful for such in patients who have primary lymphoma of the 
thyroid or anaplastic thyroid cancer and is discussed in the 
relevant chapters (see Chaps.   43    ,   76    ,   87    ,   93    , and   97    ). 

 In the case of thyroid cancer, there is a second positron 
emitter,  124 I, that has valuable properties and will have an 
increasing role in the management of differentiated thyroid 
cancer.  120 I and  122 I are also positron emitters but have not 
been introduced into clinical practice [ 11 ]. Table  43.1  pro-
vides the physical characteristics of these positron emitters, 
and  124 I is briefl y discussed near the end of this chapter as 
well as in Chap.   103    .  

       Imaging Technique 

   18 F-FDG is injected intravenously, and imaging is initiated 
approximately 1 h later. The patient should fast for at least 
6 h before the injection, and the patient should typically be 
NPO after midnight. The patient should not exercise vigor-
ously for 24 h prior to the study. In the United States, most 
authorities recommend measuring serum glucose prior to the 
injection of  18 F-FDG because high levels alter the distribu-
tion of the radiopharmaceutical and lower the sensitivity of 
the scan. In countries where the incidence of latent and 
 prediabetic patients is low, this is not necessary. When the 
glucose is greater than 200 mg/dl, we advise canceling the 
procedure until the blood glucose is normal.  18 F-FDG PET 
imaging in  diabetics      requires the involvement of the patient, 

   Table 43.1    Positron- emitting   radionuclides for thyroid studies   

 Characteristic   18 F   124 I   120 I   122 I   68 Ga 

 Half-life  110 min  4.18 days  1.35 h  3.6 min  68 min 

 B +  yield %  97  23  46  77  88 

 E B+   635 keV  1.5 MeV  4.6 MeV  3.1 MeV  1.9 MeV 

 Daughter product   18 O   124 Te   120 Te   122 Te   68 Zn 
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referring physician, and nuclear medicine technologist 
and physician in achieving safely an appropriate level of 
glucose. 

 After injection of  18 F-FDG, the patient should rest in a 
quiet, warm, and comfortable room for the hour between the 
injection of  18 F-FDG and imaging. The patient should not 
talk or chew. The reason for these precautions is that active 
muscles take up  18 F-FDG, and the uptake can cause diffi culty 
in interpretation, which may result in false-positive fi ndings 
(see below). In some patients, uptake of  18 F-FDG in brown 
fat in the neck can be misinterpreted as metastases to nodes. 
However, as reported by Garcia et al. [ 12 ], brown fat uptake 
can be essentially eliminated by keeping the patient warm 
several hours before the scan, and we and others have found 
that a single dose of propranolol 1 h before  injection of 
 18 F- FDG   may also help [ 12 ]. Some authorities delay scan-
ning for 90–120 min. The extra time allows more of the 
background activity to be excreted through the kidneys thus 
making the lesions easier to detect. For thyroid cancer, this is 
seldom necessary, and for a steady throughput of patients, 
the delay of 1 h is the best compromise for accuracy and 
effi ciency.   

    Normal Findings and Variations 

  The brain  highly   concentrates  18 F-FDG because the brain 
depends on a signifi cant amount of glucose for function.  18 F- 
FDG is excreted through the kidneys and the bladder, and 
these areas may appear to have signifi cant uptake. There is 
varying uptake in muscles and myocardium, but in a patient 
who has fasted and been inactive and has a normal fasting 
glucose, these structures should have modest uptake and 
allow anatomic correlation without interfering with the inter-
pretation.  18 F-FDG may concentrate diffusely in the liver. 

 Although the thyroid is a metabolically active gland, 
somewhat surprisingly, the normal thyroid is typically not 
observed or is only faintly observed on  18 F-FDG scan 1 h 
after injection ( see also  Chap.   25    ). PET-CT allows the thy-
roid anatomy to be defi ned by the CT and frequently in 
patients being scanned for non-thyroidal cancer, the normal 
thyroid cannot be identifi ed on  18 F-FDG PET (Fig.  43.1 ) 
When there is diffusely increased uptake in the thyroid, the 
patient usually has autoimmune thyroid disease, most often 
chronic lymphocytic thyroiditis, and less frequently Graves’ 
hyperthyroidism (Fig.  43.2 ) [ 14 – 17 ]. In the occasional 
patient with autoimmune thyroid disease, the uptake of 
 18 F- FDG can be focal and misinterpreted as a malignancy in 
the thyroid [ 16 ].

    Focal uptake of  18 F-FDG in the thyroid in a patient being 
evaluated for a non-thyroidal disease has about 10–50 % 
chance of being a thyroid cancer. The wide range depends 
on patient selection for a pathological diagnosis [ 18 ]. 

Cancer detected this way is usually a differentiated primary 
thyroid lesion, but metastasis from the non-thyroidal cancer 
can also occur. The latter happens most frequently in patients 
with melanoma and lung, renal cell, breast, or bowel cancer. 
In an analysis of more than 4500  18 F-FDG PET scans, 2.3 % 
showed some abnormality in the thyroid [ 13 ]. In 87 patients, 
this was not pursued because of the severity of their primary 
cancer. However, 15 patients had a biopsy and 7 (47 %) of 
these were thyroid cancer. Kang et al. also reported that 
2.2 % of scans showed  a   thyroid “incidentaloma” [ 14 ]. Some 
of these were diffuse and consistent with thyroiditis, but 4 of 
15 (27 %) focal lesions were malignant. Several reports 
 indicated a risk of cancer of 50 % or greater [ 15 ]. In an 
unpublished interinstitutional investigation, we and other 
colleagues identifi ed 15 focally “hot” lesions. Nine patients 
were referred for operation and eight cancers were diagnosed 
histologically (Fig.  43.3 ). Ho et al. found a prevalence of 
thyroid uptake on  18 F-FDG PET-CT of 3.7 % in their retro-
spective review of 5877 subjects with no previous history of 
thyroid malignancy. Of patients who had verifi cation by 
cytology or histology, 14 % (8/55) were found to have thyroid 
malignancies [ 16 ]. In a separate study, focal thyroidal uptake 
was identifi ed in 76 of 6241 (1.2 %) [ 17 ]. Only 14 patients 
(18 %) had a biopsy and 4 (28.6 %) had papillary thyroid 
carcinoma. This begs the question of how many of the remain-
ing 62 had cancer. Are et al. evaluated 16,300 PET scans in 
8800 patients [ 18 ]. They found 263 thyroidal abnormalities 
(1.6 % of scans, 2.9 % of patients). Fifty-seven of the patients 
had fi ne needle aspiration (FNA), and 24 cancers were found 
(42 %). The incidence of thyroid cancer was 72 % in 27 
patients who had thyroidectomy, and 19/20 patients had papil-
lary cancer with the remaining patient having a lymphoma.

   The term  incidentaloma   has been challenged for two 
 reasons. As noted, a meaningful proportion is cancer and 
the lesions are functioning; hence, they prefer the term 
“metaboloma.” 

 Some investigators note the degree of uptake in a  metabo-
loma   does not predict histology and underpins the impor-
tance of further investigations, in particular FNA, to exclude 
thyroid cancer. Others suggest that the intensity of  18 F-FDG 
uptake and the CT attenuation pattern signifi cantly improve 
the accuracy of PET-CT for differentiating benign from 
malignant focal thyroid lesions. Benign nodules had a mean 
standardized uptake value (SUV) of 6.7± 5.5 whereas malig-
nant ones had a mean value of 10.7 ± 7.8 ( P  < 0.05) [ 19 ]. 
SUV is a quantitative measurement of the glucose uptake in 
regions of interest that can be selected on the image of 
the patient when viewed on the console of a computer. 
Researchers also evaluated  18 F-FDG PET performed for 
screening in healthy subjects. Chen et al. reported that thy-
roid metabolomas were identifi ed in 1.2 % (60/4803) of 
patients, and that of those who underwent FNA and surgery, 
14 % (7/50) metaboloma were found to be malignant [ 20 ]. 
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 Because undiagnosed thyroid cancer can appear as focally 
“hot” on  18 F-FDG scan, there was hope that  18 F-FDG PET 
would differentiate a malignant from a benign nodule. The 
technology is expensive and even if perfect would not 
replace FNA. In a study of nine patients, three cancers were 
PET positive but four of six benign lesions showed focal 
uptake [ 21 ]. Uematsu et al. using an SUV of fi ve were able 
to separate four cancerous nodules from six benign ones but 
a patient with thyroiditis had an SUV of 6.3 [ 22 ]. In a small 
series of 15 patients with indeterminate cytopathology, 

 18 F- FDG PET-CT was positive in eight and negative in seven 
[ 23 ]. Of the eight positive cases, four were cancer, whereas 
three of the seven patients with negative  18 F-FDG PET-CT 
scans did subsequently have cancer confi rmed. These results 
are equivalent to tossing a coin. 

 Therefore, not all focal  18 F-FDG PET-positive lesions in 
the thyroid are cancerous and an FNA, or ultrasound (US)-
guided FNA, is appropriate to establish the diagnosis in most 
patients [ 24 ,  25 ]. Theoretically,  18 F-FDG PET might have a 
role in the indeterminate microfollicular lesion where the a 

  Fig. 43.1    A transaxial scan showing PET ( upper right ), CT ( upper left ), and combined PET and CT ( lower panel ). The  white arrows  show the 
thyroid on CT, and the  black arrow  shows a vertebra on PET scan. The thyroid has no uptake of FDG scan       
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priori likelihood of cancer is greater than in nodules in 
 general. A different group of investigators conducted 
 18 F-FDG PET-CT in 88 patients with nondiagnostic cytology 
[ 26 ]. Every patient had surgery and pathological confi rma-
tion and none of 41 patients (46 %) with a negative  18 F-FDG 
PET-CT had cancer. Thus, a negative  18 F-FDG PET could be 
more helpful than a positive one. In summary, the degree of 
focal  18 F-FDG uptake in a metaboloma does not predict his-
tology and underpins the importance of further investiga-
tions—in particular FNA—to exclude thyroid cancer, and 
even in the indeterminate case, a focal “hot” spot on 
 18 F-FDG PET is not necessarily a cancer. However, a nega-
tive scan appears to exclude that diagnosis [ 27 ]. Again, fur-
ther reading is available in Chap.   25    .   

    Interpretation of PET-CT Scan 

  Regions of  abnormal   uptake of  18 F-FDG in recurrent or met-
astatic cancer are usually easy to identify. Combined PET-CT 
allows the exact anatomic site to be defi ned. Many authori-
ties simply report on the fi ndings on the scan. The optimal 
results are obtained by interpreting the results while sitting at 
a computer terminal and viewing systematically the coronal, 
sagittal, and transaxial projections. It is helpful to scroll 
through images of regions where an abnormality is identifi ed 
or suspected. Some experts use a quantitative numeric result, 
which determines the uptake in the lesions compared to the 
amount of radiopharmaceutical injected. This is called the 

  Fig. 43.2    A  coronal PET scan   ( left ). The image on the  right  is the transaxial images of the PET scan, CT, and combined PET-CT, as oriented in 
Fig.  43.1  and at the thyroid level. The thyroid has intense uptake of FDG. The patient had Hashimoto’s thyroiditis       
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standardized uptake value (SUV). In general, a lesion with 
an SUV >2.5 is frequently accepted as being due to cancer; 
however, in one study discussed previously, the cutoff 
between malignant and benign thyroid nodule was fi ve. In 
practice, the SUV is not very helpful to establish whether or 
not cancer is present in the thyroid, and it has also been 
referred to as the “silly uptake value” [ 28 ]. Locoregional and 
distant thyroid metastases are usually recognized visually, 
and the SUV is important as a baseline for comparison with 
subsequent scans to judge the response to treatment. SUVs 
may also have prognostic value as discussed below. Other 
investigators use the ratio of uptake in the cancer to back-
ground activity instead of the SUV. When a comparison of 
quantitative measurements is made between two studies, it is 
important to ensure they were conducted under identical 
conditions and that the SUV is not interpreted with an uptake 
ratio.   

    False-Positive Findings 

   18 F-FDG uptake on a PET-CT  scan   is not specifi c for thyroid 
cancer, and thus,  18 F-FDG PET-CT scans performed to eval-
uate for thyroid cancer may have false-positive uptake due to 
other malignant or active cells [ 29 ,  30 ]. Accordingly, it 
would be for a patient with thyroid cancer to also have 
another cancer. As discussed above, about 1–3 % of PET or 

PET-CT scans conducted in patients with non-thyroidal 
 cancers show a focal thyroidal abnormality of which some-
where between 10 and 50 % are cancers. The percentage of 
patients with thyroid cancer who are found to have a non-
thyroidal cancer diagnosed by PET-CT is not known with 
certainty. The distribution of any abnormal uptake should be 
carefully evaluated to make sure that it is consistent with the 
expected spread of thyroid cancer. The common sites of 
residual cancer would be the thyroid bed and for metastases 
to the regional lymph nodes in the neck and mediastinum, 
and distant metastases to the lungs and skeleton. Infl ammatory 
conditions including tuberculosis and sarcoidosis show 
abnormal uptake, but the distribution is not likely to be con-
fused with thyroid cancer. 

 There are additional specifi c conditions that are important 
in the interpretation of PET scans conducted for thyroid can-
cer. The fi rst is uptake of  18 F-FDG in active neck muscles. 
Although the muscles are linear structures, the muscle uptake 
can result in what appears to be globular uptake similar to a 
lymph node. This is due to tomographic slices across muscle 
bellies. The fi nding is more common in patients who are ner-
vous and trembling or shivering. This was fi rst identifi ed by 
Barrington et al. and they advised diazepam prior to injec-
tion of the radiopharmaceutical [ 31 ]. This requires knowl-
edge a priori of the patients who would likely be stressed. In 
the United States, the physician prescribing the tranquilizer 
is responsible for the well-being of the patient. When the 
physician conducting the scan prescribes the drug, he/she 
must have all the requirements for conscious sedation in 
place. As a result, he/she is usually reluctant to take this step. 
Not all physicians have found that medications to reduce 
anxiety help reduce the false positives [ 38 ]. The poor res-
ponse to anxiolytic medication most likely results from a dif-
ferent but more common cause of a false-positive uptake of 
 18 F-FDG in brown fat (Fig.  43.4 ) [ 32 – 35 ]. Superfi cially, this 
looks similar to the muscle uptake, but the distribution fol-
lows the shape of the neck being narrower at the level of the 
chin and wider at the thoracic inlet. In contrast, the muscle 
uptake follows the contour of the sternocleidomastoid and is 
therefore narrower at the manubrium. Uptake in brown fat is 
thought to be increased in cold temperature [ 33 ]. Our experi-
ence is that it is more common in thin women and in winter. 
A recent laboratory study in rats confi rms that the  18 F- FDG 
uptake is increased by cold temperature, and it could be 
reduced by propranolol, and in one study, 90 % of the patients 
showed a reduction after 40 mg of propranolol orally 1 h 
prior to injection of  18 F-FDG [ 12 ,  36 ]. Garcia et al. demon-
strated that virtually all  18 F-FDG uptake in brown fat can be 
eliminated with control of the ambient temperature around 
the patient prior to injection of the  18 F-FDG [ 12 ]. Brown fat 
is also localized along the vertebrae and around the dia-
phragm, and it can also take up on  18 F-FDG PET. The third 
abnormality that can be incorrectly diagnosed as cancer is 

  Fig. 43.3    A coronal projection showing a focal lesion in the thyroid 
that concentrates FDG. This was confi rmed as an unsuspected papillary 
cancer       
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asymmetric uptake in the functional muscles of one vocal 
cord when the contralateral nerve was damaged during thy-
roidectomy [ 37 ,  38 ]. A similar fi nding has been reported in a 
granulomatous foreign body reaction around a Tefl on® 
implant to improve a paralyzed vocal cord [ 39 ]. Uptake of 
 18 F-FDG in the thymus has also been reported [ 40 – 45 ]. This 
is more common in younger patients and in those who have 
recently been treated with chemotherapy and perhaps after 
therapeutic  131 I. Although the bilobed shape is characteristic, 
this can be misinterpreted as mediastinal metastases. 
Combining PET-CT usually allows the differentiation of these 
false positives from metastatic cancer considerably easier. 

        18 F-FDG PET-CT and PET Scanning 
in Differentiated Thyroid Cancer: Role 
in Tg-Positive and Iodine-Negative Patients 

      The consensus for  the    optimal   treatment  for   differentiated 
thyroid cancer is total or near total thyroidectomy and  131 I 
therapy in selected patients excluding  those   with small pri-
mary cancers [ 46 ].  The   combination of surgery and  131 I ther-
apy removes all functioning thyroid and allows for follow-up 
using measurement of serum Tg and in selected patients 
whole-body scan with  123 I. When the therapy has been suc-
cessful, both follow-up studies are negative. When there is 

residual or recurrent disease, both scans are typically 
 abnormal and allow a decision to be made about retreating 
with  131 I. However, in 15–30 % of patients with residual or 
recurrent disease, there is a discrepancy between the scans 
usually with Tg being measurable and the diagnostic radioio-
dine scan being negative. The reasons for this could be that 
there are too few cells to be identifi ed on scan or a defect in 
the function or location of the  sodium-iodide symporter 
(NIS)  . This is a diffi cult and trying problem for the patient 
and physician, and it has led to differences in philosophies 
about management (see Chap.   47    ). Some take the position 
that a therapeutic administration of  131 I will deliver suffi cient 
radiation to seek out, localize in, and kill the cells producing 
the Tg [ 47 ,  48 ]. But not all physicians caring for these 
patients accept this approach [ 49 – 52 ]. An alternative 
approach is to employ imaging scans that are not dependent 
on  the   NIS for identifying the thyroid tissue. Imaging could 
include US of the neck, CT, MRI, and a range of nuclear 
medicine procedures (see Chap.   44    ). Taking the nuclear 
medicine scans in their historical sequence, thallium 201 
( 201 Tl) is a large atom that is taken up by the sodium potas-
sium channel of cells. It is valuable for evaluating myocar-
dial perfusion. Thallium is concentrated by some cancers 
including thyroid cancer and became popular for imaging 
patients with thyroid cancer [ 53 – 56 ]. Because of the low 
energy of the emitted photons and the high absorbed radia-
tion, the small injected activity results in  201 Tl images that are 
poor in comparison to those made with radiopharmaceuticals 
containing technetium 99m ( 99m Tc). As a result,  201 Tl is pres-
ently not used in patients with thyroid cancer. When  99m Tc- 
labeled radiopharmaceuticals were developed for studying 
myocardial perfusion, they were investigated in oncology 
and found to be valuable in identifying sites of metastatic 
thyroid cancer. The images are superior to  201 Tl because the 
emitted photons have a higher energy that is suited for cur-
rent gamma cameras. In addition, a larger quantity of radio-
activity can be injected. The two radiopharmaceuticals are 
sestamibi and tetrofosmin [ 57 ]. In one report of 110 scans in 
99 patients,  99m Tc sestamibi and Tg agreed in 96 % [ 58 ]. 
However, in most of the patients, both scans were negative. 
There were only 16 patients with abnormal results who had a 
whole-body radioiodine scan. In four (25 %) of the patients, 
the   99m Tc sestamibi scan   demonstrated a lesion not seen on 
 131 I images. Similarly,  99m Tc tetrofosmin has been demon-
strated to identify iodine-negative cancer. Gallowitsch et al. 
identifi ed 39 of 44 lesions on  99m Tc tetrofosmin scans com-
pared with 19 on whole-body  131 I scans [ 59 ]. Subsequent 
publications from these and other inves tigators confi rm these 
fi ndings [ 60 – 63 ]. Finally, thyroid  cancer may have soma-
tostatin receptors [ 64 ], and the somatostatin receptor imag-
ing agent,  111 In pentetreotide, has also been used, but the 
sensitivity does not make it a powerful scan [ 65 ,  66 ]. This 
has been discussed further in Chap.   44    . It is surprising to 

  Fig. 43.4    A coronal section made 1 h after injection of 15 mCi 
(550 MBq) of FDG, showing symmetric uptake in the supraclavicular 
areas as a result of uptake in brown fat       
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report that the fi rst publication of  18 F-FDG PET scan for thy-
roid cancer dates from as early as 1987 [ 67 ]. Then, there was 
a delay of almost a decade after which several subsequent 
reports appeared. Presently, many articles have been pub-
lished addressing the role and value of  18 F-FDG PET scan in 
adult patients who have measurable Tg but negative radioio-
dine studies [ 68 – 77 ]. In addition, several editorials and 
reviews have been published attesting to the value of   18 F- FDG 
PET [ 78 – 82 ]. We and other authors have found this also to 
be of value in children [ 83 ]. The images are superior to scans 
from all the other radiopharmaceuticals discussed briefl y 
above, and the combination of PET with CT provides ana-
tomic information that increases both sensitivity and speci-

fi city. In general, the interpretation can be reached with 
confi dence. 

 It has become apparent that the less differentiated the thy-
roid cancer is, the more likely the  18 F-FDG PET scan will be 
positive. Very well-differentiated cancers show less or even 
no uptake of  18 F-FDG while having excellent  131 I uptake. 
This has been called a “fl ip/fl op” phenomenon [ 84 ,  85 ]. 
Evidence for this is the comparison of  18 F-FDG and  131 I in 47 
lesions [ 86 ]. Thirty-three lesions were iodine-positive but 20 
(61 %) of these were  18 F-FDG PET negative. Conversely, 
there were 9  18 F-FDG PET positive lesions from 14 (64 %) 
iodine-negative lesions. Figure  43.5  shows an abnormal 
 18 F- FDG PET-CT scan.

  Fig. 43.5    The  left panel  shows an   18 F-FDG PET scan   in a patient who 
has had thyroidectomy and  131 I therapy. The  arrowhead  shows a small 
area of  18 F-FDG uptake in the region of residual left lobe. Several other 
areas of uptake in the neck are metastases in lymph nodes. The  right 

panel  shows transaxial images at the level of the thyroid with a PET 
image at the  top , CT image in the  middle , and fused PET-CT image at 
the  bottom . The  arrowhead  shows the same spot and the  arrow  shows 
one of the nodal metastasis       

 

A. Iagaru and I.R. McDougall



495

   The original studies evaluated  18 F-FDG PET in a  spectrum 
of patients some who had a remnant after surgery, some who 
had metastases that could be imaged with radioiodine, and 
some who had iodine-negative scans but measurable Tg. 
These investigations confi rmed that the overall sensitivity 
of  18 F-FDG PET was low and the scan was not useful 
for “all- comers” [ 87 ]. However, when the Tg-positive/
iodine- negative patients were analyzed separately, the sensi-
tivity increased and the specifi city remained powerful. 
Table  43.2  provides data from several publications including 
recent ones using  18 F-FDG PET-CT. It is apparent that the 
sensitivity varies from about 60 % to as high as 100 %. The 
high sensitivities are most likely due to the small number of 
patients being studied who had extensive disease. As the 
scan has become more widely used, patients with smaller 
volumes of cancer are being studied, and it is not surprising 
that the sensitivity has fallen. To determine specifi city, it is 
not possible in many of these reports because all the patients 
studied had an elevated Tg; in other words, there were no 
patients who could be defi ned as being free of disease. In 
many reports, there is a relationship to the level of Tg, but 
there is no cutoff above which all  18 F-FDG PET scans are 
positive or below which they are all negative. In the United 
States, the current approved indication for PET is a Tg value of 
>10 ng/ml in a patient who has been treated by  thyroidectomy 

and  131 I and who has a negative radioiodine scan. Although 
the Tg value of >10 ng/ml is arbitrary, publications do sup-
port that patients with Tg >10 ng/ml are more likely to have 
positive  18 F-FDG PET scans. Bertagna et al. in a study of 52 
patients found there was a signifi cant positive correlation 
between  18 F-FDG PET-CT-positive results and Tg levels 
[ 88 ]. They did not note any statistically signifi cant correla-
tion between  18 F-FDG PET-CT results and TSH levels. They 
found the highest accuracy was achieved when Tg was above 
21 ng/ml.  18 F-FDG PET or  18 F-FDG PET-CT is not usually 
positive in patients with Tg levels below 2 ng/ml; however, 
there is usually no indication for the scan in that setting [ 89 ]. 
One benefi t of  18 F-FDG PET is to identify surgically resect-
able sites of disease when clinical information or other 
 imaging scans show one site of disease and  18 F-FDG PET 
shows several [ 90 ]. This prevents performing surgery only to 
be followed by identifi cation of “new” recurrence.

   In regard to  18 F-FDG PET-CT vs.  18 F-FDG PET alone, the 
former is more accurate than the latter. Palmedo et al. found 
that  18 F-FDG PET-CT has a diagnostic accuracy of 93 % and 
an improvement of 15 % over  18 F-FDG PET alone [ 91 ]. 
Mirallie et al. showed that  18 F-FDG PET-CT increased the 
diagnostic performance considerably over that of  18 F-FDG 
PET or CT alone with a sensitivity of 96 % for  18 F-FDG 
PET-CT, 82 % for  18 F-FDG PET, and 73 % for CT [ 92 ]. 

   Table 43.2     Sensitivity   of   18 F-FDG PET   and PET-CT scans in Tg-positive, iodine-negative patients   

 Author reference 
 Number 
of patients  Women %  Men %  Ages  Sensitivity %  Specifi city %  Altered treatment % 

   18   F-FDG PET  

 Alnafi si et al. [ 70 ]  11  73  27  19–66  100  64 

 Chung et al. [ 137 ]  54  78  22  24–72  94  95 

 Dietlin et al. [ 138 ]  58  74  26  19–72  82 

 Goshen et al. [ 104 ]  20  75  25  19–77  94  30 

 Grunwalt et al. [ 139 ]  222  68  32  NA  75  90 

 Grunwalt et al. Tg >5 [ 139 ]  76  100 

 Grunwalt et al. Iodine neg [ 139 ]  85  90 

 Wang et al. [ 108 ]  37  62  38  16–83  71  51 

 Stokkel et al. [ 140 ]  11  55  45  26–73  100  100 

 Helal et al. [ 141 ]  37  49  51  27–78  100  73  78 

 Schluter et al. [ 90 ]  64  61  39  21–81  65  42  11 

   18   F-FDG PET-CT  

 Mirallie et al. [ 92 ]  45  7  29  14–80  100  67 

 Freudenberg et al. [ 142 ]  36  53  47  21–80  95  93  14 

 Ong et al. [ 143 ]  7   17  65  45  35–73  100  100 

 Kim et al. [ 144 ]  20  80  20  4–56  100  100 

 Palmedo et al. [ 91 ]  40  56 + 16  95  90  61 

 Iagaru et al. [ 95 ]  76  57  43  20–81  89  89 

 Rieman et al. [ 76 ]  327  209  118  53 ± 18  92  95  43 

 van Dijk et al. [ 77 ]  52  36  16  44.6 ± 16.5  69  94  13 

 Ozkan et al. [ 82 ]  59  44  15  48.2 ± 22.6  82  30 
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 In a study with 50 patients with differentiated thyroid 
 cancer, Esteva et al. found that the size of the cancer ( p  < 0.05) 
and thyroid capsular invasion ( p  < 0.05) were signifi cantly 
associated with positive  18 F-FDG PET studies [ 93 ]. Choi 
et al. concluded that the absence of perithyroidal and lym-
phovascular invasion was an independent variable for false- 
negative fi ndings on initial  18 F-FDG PET-CT in patients with 
papillary thyroid cancer [ 94 ]. 

 Our group reviewed 98  18 F-FDG PET-CTs in 76 patients 
and determined sensitivities per patient and per lesion of 
87 % and 89 %, respectively, in patients with differentiated 
thyroid cancer [ 95 ]. We also reported that metastases in 
small cervical nodes might be missed due to the limitations 
of spatial resolution of PET. The most frequent sites of recur-
rent differentiated thyroid cancer are lymph nodes (53 %) 
and the thyroid bed (28 %). A study adding a higher resolu-
tion delayed dedicated neck  18 F-FDG PET-CT acquisition 
showed an increase number of abnormal foci in 29 % of the 
studies [ 96 ]. This increase was statistically signifi cant. 
Kaneko et al. compared  18 F-FDG PET-CT and  131 I in nine 
patients with 33 lesions [ 97 ]. They identifi ed all lesions by 
 18 F-FDG PET-CT but only 58 % with radio iodine. They con-
fi rm the SUV was statistically higher in lesions that did not 
take up iodine (6.6 ± 2.8 vs. 4.2 ± 1.8;  P  = 0.007), and as 
expected, Tg values were signifi cantly higher in patients 
with metastases to lymph nodes. 

 Choi et al. investigated  18 F-FDG PET-CTs for the initial 
staging of patients with papillary thyroid cancer and con-
cluded that it did not provide additional information com-
pared to neck sonography [ 98 ].  18 F-FDG PET-CT showed 
lower sensitivity and higher specifi city than sonography for 
detection of cervical node metastasis; however, no statisti-
cally signifi cant difference was noted in their study ( p  > 0.99). 
Even when the radioactive scans show iodine-avid disease, 
 18 F-FDG PET-CT may alter the management of some 
patients. Piccardo et al. showed that  18 F-FDG PET-CT 
detects more metastases in 45 % of patients with advanced 
differentiated thyroid cancer and a rising Tg in comparison 
with whole-body radioiodine and bone scans [ 99 ]. 

 False-negative fi ndings occur in well-differentiated can-
cer that retains ability to take up iodine avidly and in lesions 
that are too small to be resolved with modern dedicated 
 18 F- FDG PET-CT scanners that are less than about 6–8 mm. 
It should be emphasized that the PET and CT and combined 
PET-CT images should be studied since occasionally an 
abnormality can be identifi ed on the CT images but not the 
 18 F-FDG PET. 

 Meta-analyses confi rm the value of  18 F-FDG PET and 
 18 F- FDG PET-CT in differentiated thyroid cancer where 
radioiodine images are negative in particular when Tg is 
elevated [ 100 – 102 ]. In one analysis of  18 F-FDG PET and 
 18 F-FDG PET-CT for only papillary cancer, sensitivities cal-
culated by two methods were 77 % and 84 % and  specifi cities 

85 % and 84 %, respectively [ 101 ]. In another, Dong et al. 
reviewed 549 abstracts from which they selected 195 publi-
cations, and after determining which ones met criteria of 
careful design, defi ned patient population, indications for 
 18 F-FDG PET or  18 F-FDG PET-CT, and confi rmation of diag-
nosis, they were left with 25 articles, 6 of which dealt with 
F-FDG PET-CT [ 102 ]. Overall, the sensitivity in patients 
with measurable Tg and a negative  131 I scan was 0.885 
(95 % CI: 0.828–0.929) and specifi city 0.847 (95 % CI: 
0.715–0.934). In the six investigations dealing with  18 F-FDG 
PET-CT, the sensitivity and specifi city were 0.935 (95 % 
CI: 0.870–0.973) and 0.839 (95 % CI: 0.723–0.920), 
respectively.  

    Prognostic Value of  18 F-FDG PET Scans 

  A very abnormal   18 F-FDG PET scan   with lesions showing a 
high SUV is a harbinger of a bad outcome [ 103 ]. In a study 
of 125 patients followed for 41 months, 14 patients died 
from thyroid cancer. The most important predictors were 
high SUV and a volume of cancer greater than 125 ml. 
In those with smaller tumor volumes, the 3-year survival was 
96 %, and even patients with distant metastases who were 
 18 F-FDG PET negative all survived. This again refl ects 
the “fl ip/fl op” phenomenon. Well-differentiated cancer cells 
take up iodine and are amenable to  131 I therapy; less well- 
differentiated cancer cells do not take up iodine but do 
 concentrate  18 F-FDG. In contrast, patients who are iodine 
negative as well as  18 F-FDG PET negative appear to have a 
good prognosis. In our experience, no patient has died and 
the recurrence rate is low. 

 As already discussed above, a positive  18 F-FDG PET scan 
can alter the management. Alnafi si et al. found that PET 
changed management in 7 of 11 patients, and Goshen et al. 
reported change in management in 6 of 20 [ 70 ,  104 ]. For 
example, when the radioiodine scan was negative, identifi ca-
tion of a focal  18 F-FDG PET lesion can make surgery an 
option. A lesion in a vertebral body can be considered for 
surgical or external beam radiation. Our approach for lesions 
in the neck that are identifi ed using  18 F-FDG PET is to obtain 
an US for precise anatomic localization and for US-guided 
FNA. The patient is operated on using intraoperative US to 
re-identify the site and to ensure it is excised [ 105 ]. All 
patients had a decrease in Tg and 64 % achieved undetect-
able values. 

 Ota et al. explored in a pilot study the use of  18 F-FDG 
PET-CT for detection of bone metastases from differentiated 
thyroid carcinoma. The sensitivities of  18 F-fl uoride PET-CT 
and  99m Tc bone scintigraphy were signifi cantly higher than 
that of  18 F-FDG PET-CT in their report [ 106 ]. Nakajo et al. 
conducted a comparison of  18 F-FDG PET-CT vs.  18 F-FLT 
PET-CT in 20 patients with postoperative differentiated 
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 thyroid cancer, evaluating the images of lymph node and 
 distant metastases. In a per-patient-based analysis, the sensi-
tivity, specifi city, and accuracy were 92 %, 86 %, and 90 %, 
respectively, for  18 F-FDG PET-CT and 69 %, 29 %, and 
55 %, respectively, for  18 F-FLT PET-CT. The accuracy of 
 18 F-FDG PET-CT was signifi cantly better than that of  18 F-
FLT PET-CT ( P  = 0.023) [ 107 ].        

    The Role of TSH in  18 F-FDG PET Scanning 

   The vast majority of  18 F-FDG studies in oncology including 
patients with thyroid cancer are conducted when the patient 
is euthyroid or, in some patients with thyroid cancer, when 
they are biochemically slightly hyperthyroid because of a 
desire to completely suppress the patient’s TSH blood level. 
However, whether or not elevated TSH blood levels  signifi -
cantly   improve detection of thyroid cancer on   18 F-FDG PET 
scans   is controversial. Anecdotal patients who were studied 
twice—once when euthyroid and once with an elevated 
TSH—showed no difference in detection of lesions in those 
case reports [ 108 ,  109 ]. In contrast, Sisson reported increased 
uptake under TSH stimulus [ 110 ]. Several publications con-
fi rm this fi nding. This is in keeping with in vitro studies 
showing that TSH increases glucose uptake into thyroid cells 
[ 111 ]. In a study of 17 patients imaged when TSH was 
<0.05 μU/ml and again when the TSH was >22 μU/ml 
(on average 42 days later), the lesion-to-background ratio 
increased by an average of 63.1 % [ 112 ]. In three out of ten 
patients, new lesions were identifi ed. In a similar experi-
ment, 30 patients who had negative or equivocal  131 I scans 
and abnormal or equivocal Tg were studied before and after 
injection of recombinant human thyrotropin (rhTSH) [ 113 ]. 
When the TSH was low, a total of 45 lesions were seen in 
nine patients, and after administration of rhTSH, 78 lesions 
were seen in 19 patients. Therefore, many more lesions were 
diagnosed and some  18 F-FDG PET-negative patients became 
 18 F-FDG PET positive. These investigators did calculate an 
increase in SUV or lesion-to-background ratio. In a smaller 
study of seven patients, only one patient changed from  18 F- 
FDG PET negative to positive after injection of rhTSH [ 114 ]. 

 In a study with 76 patients, we concluded that TSH levels 
at the time of  18 F-FDG PET-CT did not appear to impact the 
ability to detect disease or the  18 F-FDG uptake [ 95 ]. In a 
meta-analysis study, Ma et al. found statistically signifi cant 
patient-based and lesion-based differences of  18 F-FDG uptake 
under TSH stimulation with enhanced tumor-to- background 
ratios compared with studies conducted when TSH was sup-
pressed [ 115 ]. Management was altered in 9 % of patients. 
They also reported that the clinical signifi cance of TSH-
stimulated  18 F-FDG PET also depended on the knowledge of 
the range of possible treatments as well as cost and side 
effects. Of note, no end points such as survival and mortality 

were reported. A study comparing  18 F-FDG PET-CT 
 performed before and 24 h after rhTSH administration in 63 
patients indicated that rhTSH-stimulated  18 F-FDG PET-CT 
was signifi cantly more sensitive than non- stimulated PET-CT 
for the detection of lesions (95 % vs. 81 %;  p  = 0.001) and 
tended to be more sensitive for the detection of involved 
organs (94 % vs. 79 %;  p  = 0.054). However, the number of 
patients in whom any lesion was detected was not different 
between the two groups. Management was altered in 6 % of 
patients [ 116 ]. In a study with 44 patients, Vera et al. also 
concluded that rhTSH-stimulated  18 F-FDG PET-CT has low 
sensitivity; however, the patients studied had relatively 
low Tg values [ 117 ]. They found no correlation between  
18 F- FDG PET-CT and Tg levels, and positive scans were 
found in 20 % of patients with Tg levels lower than 10 ng/ml. 

 These data present a problem. Should all patients be stud-
ied with an elevated TSH? If yes, then should they be hypo-
thyroid or euthyroid and injected with rhTSH? RhTSH has 
not been approved for  18 F-FDG PET scanning. One possible 
solution is to obtain a TSH-stimulated  18 F-FDG PET scan 
when the patient receives his/her rhTSH for a diagnostic 
radioiodine scan. The rhTSH injections could be made on 
Monday and Tuesday. The  18 F-FDG PET scan could then be 
obtained on Wednesday morning after a 6-h fast and then the 
tracer of radioiodine could be administered. Neither scan 
would interfere with the other. This  18 F-FDG PET scan could 
be performed when a high index of suspicion for disease 
still exists after a negative standard  18 F-FDG PET scan was 
performed with a low TSH.    

     124 I PET Scanning (See Also Chap.   103    ) 

    124 I has a half-life (T 1/2 ) of 4.2 days. It can be employed for 
PET imaging analogous to the use of  123 I and  131 I for planar 
and single-photon tomographic imaging [ 118 ]. PET always 
provides tomographic information and the images have supe-
rior resolution, and they can be used to determine volumes 
with accuracy. The combination of PET-CT allows images to 
be obtained faster, produces excellent correction for attenua-
tion of 511 keV photons, and provides anatomic correlation 
(Fig.  43.6 ). There were theoretical concerns that the high-
energy positrons and complex decay scheme with high-
energy gamma photons of  124 I would not allow high- quality 
images to be obtained. Experimental studies with phantoms 
show that high-quality, well-resolved, images of  124 I are pos-
sible using a dedicated PET camera. This radioisotope of 
iodine is not easy to produce and is not widely used.

    124 I has been of value in benign conditions of the thyroid, 
for example, in obtaining an accurate measurement of the 
volume of tissue to allow calculation of a specifi c absorbed 
radiation dose when treating Graves’ disease [ 119 – 121 ]. 
One study showed an excellent correlation to the volume 
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  Fig. 43.6    ( a ) The  upper panel  on  left  shows anterior whole-body 
 124 I scan in patient after thyroidectomy. Signifi cant residual thyroid is 
present bilaterally ( long black arrow ). There is also uptake of  124 I in the 
salivary glands ( short black arrows ) and stomach ( arrowhead ). ( b ) The 
 upper panel  on the  right  shows follow-up scan 1 year later with 

 131 I ablation of thyroid. ( c ) The  lower  three images represent coronal 
tomographic images of the lower head, neck, and thyroid area, which 
were obtain at the same time as ( a )  above . The  left ,  center , and  right  
images are CT,  124 I PET, and fused PET-CT, respectively       
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determined by US [ 122 ]. PET has the advantage of 
 demonstrating functioning tissue as well as total volume. 
The role of  124 I in management of thyroid cancer is in devel-
opment, but  124 I has signifi cant potential because volumetric 
calculation of lesions can be obtained and the 4.2-day T 1/2  
allows measurements to be made over time to measure total 
body clearance and T 1/2  in metastases. This allows more 
accurate dosimetry to be calculated, and quoting one group 
of investigators “is a useful procedure especially in advanced 
DTC, and allows the administration of safer and more effec-
tive radioiodine activities as well as earlier multimodal inter-
ventions compared to standard empirical protocols” [ 123 ]. 
This is expanded below and in Chap.   103    . 

 In comparing uptake and clearance of  124 I and  131 I, 
Eschmann et al. [ 124 ] evaluated 3 patient and Atkins et al. 
[ 128 ] evaluated 25 patients, and both studies demonstrated 
good concordance. 

 Multiple studies have now been published comparing 
lesion detection of  124 I and  131 I, and this is discussed in more 
detail in Chap.   103    . Freudenberg et al. [ 125 ,  126 ] reported 
twelve patients who were imaged 24 h after an average pre-
scribed activity of 84 MBq (2.3 mCi)  124 I. The patients had 
 124 I PET scan, combined PET-CT, CT, and post-therapy  131 I 
scans. The detectability of lesions was 87 %, 100 %, 56 %, 
and 83 %, respectively. 

 In a study with 69 patients, Capoccetti et al. compared 
total body  124 I PET-CT and whole-body scintigraphy con-
ducted before and after therapy with  131 I [ 127 ]. The two 
scans matched in 86.6 % of the studies.  124 I PET-CT detected 
more disease in 7 % of the patients, mostly in lymph nodes, 
and  131 I whole-body scan detected more disease in 4.9 %, 
mostly in disseminated  131 I-avid lung metastases. Another 
study involving 70 patients compared the ability of  124 I 
PET-CT to detect iodine-avid lung metastases and found that 
only 1 of 7 patients with disseminated lung metastases on the 
 131 I whole-body scan had uptake on the  124 I PET-CT [ 128 ]. 
This issue is particularly concerning if one is to use  124 I 
PET-CT for evaluation of extent of disease and prescribed 
activity calculation prior to  131 I therapy. 

 Comparing  124 I PET-CT with  131 I planar whole-body scan 
for the detection of residual and metastatic well- differentiated 
thyroid cancer, Van Nostrand et al. found that  124 I PET-CT 
identifi ed 50 % more foci of radioiodine uptake suggestive 
of additional residual thyroid tissue and/or metastases in 
32 % patients [ 129 ]. Freudenberg et al. compared  124 I PET-CT 
and  18 F-FDG PET-CT in the detection of recurrent differenti-
ated thyroid carcinoma in patients with rising Tg values. 
They found sensitivities of 80 % and 70 % for  124 I PET-CT 
and  18 F-FDG PET-CT, respectively [ 130 ]. One third of the 
lesions demonstrated uptake with both tracers, while two 
thirds were positive on only one. Using both tracers, the sen-
sitivity was 91 %. 

  124 I has also been studied for dosimetric calculations. The 
advantage is that high-resolution three-dimensional (3D) 
images can be acquired and the uptake, residence time, and 
volume of distribution determined. Sgouros et al. imaged 15 
patients at 4, 20, 44 h and 4–6 days after prescribed activi-
ties from 74 to 148 MBq (2-4 mCi) of  124 I [ 131 ]. The results 
demonstrated that the method is feasible, and sequential 
PET scans can be used to obtain cumulated activity images 
for 3D dosimetry. Because the distribution of radioiodine 
within a lesion can be inhomogeneous, an accurate mea-
surement of the radiation absorbed dose in different regions 
within cancer can be determined. The variability of the radi-
ation absorbed dose is considerable and knowledge that 
regions of cancer are not going to receive an adequate dose 
would be the reason to consider additional treatment such as 
external radiation. It has been possible to obtain real-time 
three- dimensional radiobiological dosimetry using a soft-
ware package, and although the researchers indicated this is 
unlikely to be used routinely, it certainly would be valuable 
in patients with extensive disease [ 132 ].  124 I has been used 
to monitor the response to the MAPK kinase (MEK) 1 and 
MEK2 inhibitor selumetinib and to evaluate if the drug 
could reverse refractoriness to radioiodine in patients with 
metastatic thyroid cancer. In their study of 20 participants, 
Ho et al. report that selumetinib produces clinically 
 meaningful increases in iodine uptake and retention in a 
subgroup of patients with thyroid cancer that is refractory to 
radioiodine. [ 133 ]. 

 It should be noted that historically  124 I was used therapeu-
tically [ 134 ]. This radioisotope deposits signifi cant radia-
tion; therefore, the diagnostic tracer could theoretically cause 
“stunning,” a controversial topic debated elsewhere in this 
textbook (Chaps.   16    ,   17    , and   18    ). Researchers using  124 I 
should study this possibility by comparing  124 I and  131 I post- 
therapy scans. 

  124 I has  been   used to label peptides,    antibodies, and other 
compounds and appears to be a suitable tracer for both quan-
titative and imaging pharmacological investigations [ 135 ].    

    Other PET-CT Radiopharmaceuticals 
(See Chap.   44    ) 

   Somatostatin   receptor  scintigraphy   using predominantly 
 111 In-labeled tracers has been used to evaluate differentiated 
thyroid cancers that have reduced or absent uptake of 
 radioiodine. Somatostatin receptor analogues have also been 
labeled with positron emitters.  68 Ga DOTATOC is a PET 
tracer that has a high affi nity for somatostatin receptors 2 
and 5. Middendorp et al. compared  68 Ga DOTATOC and 
 18 F- FDG PET-CT in patients with suspected recurrent DTC 
[ 136 ]. The data indicates that  18 F-FDG PET-CT is better than 
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 68 Ga DOTATOC in the detection of recurrent disease that is 
radioiodine negative. Specifi cally, it is more accurate in 
detecting lung and bone metastases. In radioiodine-positive 
cancers, both tracers are equivalent.   

    Summary 

 PET-CT scanning with  18 F-FDG is a very valuable scan for 
managing patients with well-differentiated thyroid cancer 
and specifi cally patients who have an elevated Tg and whose 
cancers cannot take up radioiodine. The sensitivity of the 
scan is high and the images identify sites of cancer that lead 
to a change in management in 20–60 %. Newer PET radionu-
clides such as  124 I have potential for better lesion detection 
and more accurate dosimetry prior to therapy with  131 I.     
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