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8.1 Introduction

Differentiated thyroid carcinoma (DTC) is the
most common endocrine cancer and its incidence
has increased in the past decades. Generally,
DTC has an indolent course with a favorable
prognosis, except for cases with distant metasta-
ses at the time of diagnosis. For a long time, DTC
was treated by thyroidectomy followed by radio-
iodine [iodine-131 (**'1)] therapy, with the theo-
retical result of the absence of residual benign
thyroid tissue, letting thyroglobulin (Tg) be an
ideal marker of disease.

Nowadays, recent American  Thyroid
Association (ATA) guidelines [1] suggest an indi-
vidualized risk-adapted approach where the type
and extent of surgery (lobectomy or total thyroid-
ectomy), the indication and the goal of T ther-
apy (ablation, adjuvant, curative), replacement
therapy with levothyroxine features (TSH sup-
pressive or not) are individually personalized for
each case [2].
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For example, nowadays low to intermediate
risk DTC patients are currently treated by thy-
roidectomy without radioiodine ablation or, in
selected low risk, even by lobectomy alone. In
these cases, the absolute value of Tg should be
less significant for the follow-up due to the diffi-
culties to discriminate between physiological and
pathological Tg values, and the absence of a spe-
cific reference value [3, 4].

8.2 Biomarkers: Tg and TgAb
Postoperative risk stratification is based on the
criteria reported by ATA guidelines [1].

Tg is a 660-kDa glycoprotein produced exclu-
sively in the thyroid gland where it serves as the
source for thyroxine (T4) and triiodothyronine
(T3) production within the thyroid follicles.
Small amounts of Tg are detected in the serum of
healthy individuals as it is secreted alongside T4
and T3 [5]. Increased serum Tg levels are present
during several disordered thyroid growths,
increased thyroid activity, and glandular destruc-
tion such as in goiter, Graves’ disease, and thy-
roiditis, or in DTC cells. Thus, the measurement
of Tg for the initial evaluation of suspicious thy-
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roid nodules is not recommended, due to the
overlap in Tg levels in patients with DTC and
benign nodules [3, 4].

Absolute Tg concentrations are correlated
with tumor load and are widely employed to
assess the extension of the disease and evaluate
the response to treatments. However, this single
tumor marker measurement may not be exhaus-
tive in the whole comprehension of disease status
and treatment response, because it is not intrinsi-
cally inclusive of previous measurements and the
overall trend.

During initial follow-up, the recommended
interval for serum Tg measurement is about
6—12 months, unless in high-risk patients where
more frequent measurements may be suggested.

Tg together with thyroglobulin autoantibodies
(TgAb), neck ultrasound (US), and any addi-
tional imaging procedures (i.e., *'I whole-body
scintigraphy [WBS], computed tomography
[CT], positron emission tomography [PET], and
magnetic resonance imaging [MRI]) are manda-
tory for the monitoring of patients in the postop-
erative field, aiding in the early detection of
persistent or recurrent disease and guiding the
evaluation of dynamic risk.

The main limitation of Tg is the potential
interference of TgAb which makes Tg not per-
fectly evaluable. More rarely, also heterophilic
antibodies (HAb) may interfere with Tg mea-
surement in vitro and cause false-positive Tg
results. In DTC patients, the presence of TgAb
and HAb is not so rare, with a prevalence
described in up to 15-25% for TgAb and 1% for
HAD [6].

Historically, Tg measurement was first per-
formed by competitive radioimmunological
assays (RIAs). However, RIAs were replaced by
direct immunometric assays (IMAs), which are
more sensitive, have a shorter incubation, a more
robust labeled antibody reagent and a larger
working range. Tg-IMAs are based on a two-site
reaction that involves Tg capture by a solid-phase
antibody followed by the addition of a labeled
antibody that targets different epitopes on the
captured Tg. Over the years, Tg assays have
evolved to achieve superior sensitivities and a
number of commercially available Tg-IMAs have

functional sensitivities of 0.1-0.2 mg/L, referred
to as high-sensitive (hsTg) or second-generation
Tg-IMas [7]. Before the introduction of hsTg,
thyroid hormone withdrawal or recombinant
human TSH stimulation was necessary to reach
the best degree of diagnostic sensitivity. Now,
these procedures can be skipped in most cases
with a significant improvement in patient quality
of life and a reduction in costs.

When possible it is fundamental that consecu-
tive Tg measurements be performed in the same
laboratory using the same assay each time. If any
change is unavoidable, a new baseline should be
established and proceed with the same method.

A big problem of different IMAS is the inter-
method variability, despite the introduction of the
Certified Reference Material (CRM 457, cur-
rently called BCR 457) has partially reduced this
variability. For this reason, it would be desirable
to have assay-specific Tg cutoffs instead of fixed
thresholds.

Moreover, the susceptibility of Tg-IMAs to
antibodies-based interference is another limita-
tion, causing an underestimation of Tg.
Otherwise, TgAb concentration may become a
surrogate tumor marker and guide patient man-
agement. Tumor recurrence can be anticipated by
arise in Tg antibodies with or without an increase
in serum Tg.

Serum Tg concentrations are further influ-
enced and regulated by the degree of thyroid
stimulating  hormone (TSH) stimulation.
Measurements of Tg can be TSH suppressed
while patients remain on suppressive doses of
thyroid hormone, or TSH stimulated after thyroid
hormone withdrawal or administration of recom-
binant human TSH (rhTSH).

Minor fluctuations between Tg measurements
are possible and not necessarily referable to the
recurrence or progression of the disease.
However, a progressive increase in circulating Tg
measurement strongly suggests recurrence/pro-
gression and should lead to further imaging tests
to identify the site of the disease. The dynamic
changes of Tg over time may be an alternative or
complementary tumor marker, aside from the
absolute Tg value. Tg kinetics may be expressed
as Tg doubling time (Tg-DT) or Tg velocity
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(Tg-vel). Tg doubling time (Tg-DT) was studied
more and has been demonstrated as a valuable
biomarker to predict loco-regional recurrences,
distant metastases, and survival independently
from the main prognostic variables (like gender,
age, and TNM stage) [8]. In addition, Tg-DT may
also help to select patients that will benefit from
[18F]-FDG PET/CT [9]. About Tg-vel only ini-
tial evidences are available and further studies are
mandatory [10].

Biomarkers Role in DTC
Patients Treated by Total
Thyroidectomy and 3"l

8.2.1

As previously discussed, Tg is a pivotal sensitive
tool used in monitoring patients with DTC for the
presence of residual or recurrent disease. In par-
ticular, Tg values have the highest sensitivity and
specificity for the detection of recurrent disease
after total thyroidectomy and '*'I ablation.

In the past, a measurement of stimulated Tg
(after thyroid hormone withdrawal or rhTSH
administration) every 6-12 months was sug-
gested. Stimulated Tg < 1-2 ng/mL without evi-
dence of structural disease (negative clinical
examination, US, and/or other imaging modali-
ties) predicted an excellent prognosis with a very
low risk of recurrence and a normal life expec-
tancy even in patients with high-risk disease [1].
More recently, with the development of Tg
immunoassays more sensitive (hsTg), measure-
ment of serum Tg concentrations of 0.1-0.2 ng/
mL is possible. hsTg assays let to avoid the need
for TSH stimulation, due to the fact that hsTg less
than 0.1-0.2 ng/mL has a comparable negative
predictive value (>95%) than sTg less than
1-2 ng/mL.

ATA guidelines classified response assess-
ment after total thyroidectomy and radioiodine in
different categories according to clinical, imag-
ing, and serum results [1].

Response to therapy is assessed at each clini-
cal appointment during surveillance. Careful
clinical assessment and review of serial Tg and
TgAb results allow us to follow patients during
the course of the disease. An excellent response is

defined in case of no evidence of disease on clini-
cal exam and imaging and undetectable serum Tg
measurements. A biochemical incomplete
response is defined in a case of no clinical or
imaging evidence of disease but with an elevated
or rising Tg or TgAb concentration. Structural
incomplete response is defined in case of evi-
dence of disease in the thyroid bed, cervical
nodes, or at distant sites in the presence of any Tg
or TgAb value. Lastly, an indeterminate response
category is for patients with non-specific or bor-
derline biochemical or structural findings. Often
patient surveillance with serial Tg and imaging
will allow them to be recategorized into one of
the above groups. Table 8.1 summarizes the
response to therapy definitions according to ATA
guidelines.

For patients undergoing total thyroidectomy
and B! therapy that achieved an excellent
response, an undetectable Tg during the follow-
up may avoid performing imaging procedures.
Instead in case of increasing Tg or TgAb levels,
further investigations, like neck US and radioio-
dine WBS, should be performed [11].

8.2.2 Biomarkers Role in DTC
Patients Treated by Total
Thyroidectomy

A total or near-total thyroidectomy without 31
ablation is now suggested in selected low- to
intermediate-risk DTC. In this scenario, Tg is
significantly influenced by the amount of residual
thyroid remnants and the TSH level at the time of
Tg measurement [12]. Thus, Tg potentially
obscures possible tumor-related Tg levels and
reduces the accuracy of dynamic risk stratifica-
tion. Spencer et al. [13] speculated that Tg values
under TSH suppression remain in the 0.1-
0.5 mg/L range during long-term follow-up of
these patients. Moreover, the amount of residual
remnant thyroid tissue 1is strictly surgeon-
dependent and widely variable, and chronic TSH
suppression is no longer recommended in these
patients. Tg reference intervals mathematically
normalized to TSH level and residual thyroid tis-
sue are needed to be validated. However, to guar-
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Table 8.1 Response assessment after total thyroidectomy and radioiodine ablation according to ATA guidelines

Response Definition Imaging Thyroglobulin ng/mL

Excellent No evidence of disease (clinical, Negative bTg<0.20RsTg< 1
biochemical, and structural)

Incomplete Abnormal Tg or rising TgAb. No Negative Tg>1O0ORSsT>100R

biochemical evidence of structural disease rising TgAb

Incomplete Evidence of structural disease Positive Any value

structural

Indeterminate Non-specific results Indeterminate bTg 0.2-1 OR sTg 1-10

bTg basal Thyroglobulin, s7g stimulated Thyroglobulin

antee reproducible results, stable TSH values are
desirable or, at least, extremely low lot-to-lot
variability and extremely good reproducibility
are needed over a long time to guarantee repro-
ducible results [3, 4, 14]. Dynamic evaluation of
circulating Tg concentration may still provide
useful information in such circumstances. A
trend of decreasing Tg after surgery is usually
reassuring, but general interpretation criteria for
Tg in non-ablated DTC are lacking.

8.2.3 Biomarkers Role in DTC
Patients Treated by
Lobectomy

In DTC patients treated only by lobectomy, mea-
suring Tg is not so useful as Tg levels will not
depend on the presence or absence of tumor foci,
but rather on the mass of the remaining thyroid
lobe, TSH concentration, and current iodine
status.

A recent meta-analysis based upon 7 studies
for a total of 2455 patients demonstrated that cir-
culating Tg was non-reliable in detecting early
response and predicting recurrence in patients
treated with lobectomy/hemithyroidectomy,
especially those with a low initial ATA classifica-
tion [15].

Thus, the benefit of Tg concentration in this
setting is questionable. If performed, the results
should be carefully interpreted, taking into
account both the corresponding TSH value and
the imaging findings (such as neck US). The
options for follow-up of DTC patients treated by
lobectomy are to perform periodic neck US and,
if recurrence or metastasis is suspected, to con-

firm the diagnosis through a fine-needle biopsy
or further examinations.

8.2.4 Patients with Positive TgAb

TgAb are present in approximately 10% of the
general population and in up to 25-30% of
patients with DTC [5]. Serum levels of TgAb are
not correlated with the tumor load of the patient,
but rather indicate the activity of the immune sys-
tem [16]. However, TgAb interference may result
in false low results in Tg-IMAs. TgAb interfer-
ences are variable in different patients and differ-
ent IMAs and are independent of TgAb levels
[17].

Tg RIAs are reported to be more resistant to
TgAb interference; however, a significant num-
ber of falsely low and falsely high results have
been described; moreover, the functional sensi-
tivities of these assays are suboptimal in com-
parison with IMAs.

Recently, tandem mass spectrometry-liquid
chromatography (MS/MS-LC) and Tg (mini)-
recovery test has emerged as a promising
method to overcome interferences in Tg mea-
surement, but the current generation of MS/
MS-LC assays had suboptimal functional sensi-
tivity and yield false-negative results in a sig-
nificant number of patients with evidence of
structural disease and slightly detectable Tg
concentrations in high-sensitive assays (0.1-
0.5 ng/mL).

Thus, hsTg assays remain the mainstay of
monitoring TgAb-negative patients, and also in
patients with TgAb-positive with detectable Tg
levels can be indicated.
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Serum TgAb had an average disappearance
time of 3 years after thyroid ablation for DTC,
indicating that TgAb can be used as a “surrogate
tumor marker.” Similarly to Tg, the use of serial
TgAb measurements as a surrogate tumor marker
needs continuity of the laboratory method to per-
form an accurate comparison.

A consistent reduction in the serum TgAb
level (especially when the reduction is more than
50% in the year after operation) indicates that the
patient is likely to be free of disease, whereas a
consistent rise or de novo appearance of serum
TgADb raises suspicion of recurrence and prompts
additional investigations; instead, an unchanged
serum TgAb concentrations should be regarded
as indeterminate and carefully monitored over
time [6].

In summary, undetectable high-sensitive Tg
and declining TgAb levels are both highly reas-
suring and predict favorable outcomes in TgAb-
positive DTC patients after complete thyroid
ablation and the lower, but still detectable Tg lev-
els can be followed over time by high-sensitive
Tg assay. No data are currently available to prop-
erly inform the management of TgAb-positive
DTC patients treated by surgery alone without
radioiodine ablation.

8.3  Molecular Imaging

8.3.1 Whole-Body Scintigraphy
and SPECT/CT

8.3.1.1 Postoperative Setting

The last ATA guidelines [1] suggest that postop-
erative planar whole-body scintigraphy (WBS),
after the administration of a diagnostic activity
(1-5 mCi) of ', may be useful for the assess-
ment of differentiated thyroid cancer (DTC)
when the extent of thyroid remnants or the pres-
ence of residual disease could not be accurately
ascertained from surgical report or ultrasonogra-
phy (US). In this setting, the specific choice of
the dose of *'T used to perform '3'T therapy can be
made empirically or can be guided by the integra-
tion of postoperative WBS. This latter method is
theoretically able to improve risk stratification

and staging of DTC patients, influencing the clin-
ical management of the patients in up to 25-50%
of the cases [11, 18, 19]. However, there are no
clear evidences to suggest the superiority of one
method over the other.

One of the issues that need to be considered
with the use of postoperative WBS is the so-
called “stunning effect,” resulting in a temporary
suppression of iodine trapping function of the
thyrocytes and thyroid cancer cells, as a result of
the radiation given off by *'I. In this setting, sev-
eral studies have reported that the use of 5 mCi of
BIT before RAI treatment was independently
associated with an increased risk of remnants
ablation failure. However, these findings were
not confirmed in other studies, resulting in het-
erogeneous insights. Recent improvements in
technology, imaging acquisition, and imaging
processing enable to use of lower *!'I doses,
resulting in reduced risk of the stunning effect. In
this setting, the possible negative impact of post-
operative WBS on RAI therapeutic efficacy and
on the success of remnant ablations may be
reduced or avoided with the use of low-activity of
BIT (1-3 mCi at least 72 h before the therapeutic
dose) or the use of alternative isotopes such as '*1
[20].

The use of single photon emission computed
tomography/computed tomography (SPECT/CT)
is one of the main factors that allow the reduction
of ¥ dose and it has also demonstrated signifi-
cant clinical benefit in terms of staging, risk strat-
ification, and follow-up of patients with DTC,
influencing the choice of the therapeutic dose to
use. Notably, SPECT/CT is able to improve the
diagnostic accuracy of planar WBS, reducing the
number of equivocal foci interpretations. In this
contest, it has demonstrated the ability to detect
residual or unsuspected regional metastasis in
about one-third of cases and distant metastases in
about 10%. When coupled with the presence of
high stimulated Tg values, postoperative diag-
nostic SPECT/CT underlined the presence of
unsuspected nodal and distant metastasis result-
ing in a change in the estimated risk of recurrence
and management. In addition, SPECT/CT is also
able to perform three-dimensional imaging,
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enabling the execution of dosimetric evaluation
in selected cases [21, 22].

8.3.1.2 Posttherapy Setting

Planar WBS, usually obtained 3-10 days after
BIT therapy, is considered as an essential diagnos-
tic tool in order to complete the staging, the risk
stratification, the assessment of residual disease,
the therapeutic planning, and the detection of
recurrence in patients affected by DTC. Recent
ATA guidelines [1] suggest that a posttherapy
WBS (with or without the use of SPECT/CT) is
recommended after ' treatment to complete the
disease staging and document radioiodine avidity
of any structural disease. The same guidelines
suggest that WBS integrated by SPECT/CT after
therapeutic radioiodine, and pre-ablation stimu-
lated Tg measurement, remain the most accurate
tools for the restaging of postoperative DTC and
are fundamental elements of the risk stratification
system. In practice, WBS allows the detection of
possible unknown loco-regional and distant
metastases, resulting in changing risk stratifica-
tion that is able to customize additional therapy
and subsequent follow-up. Notably, the presence
of a negative diagnostic WBS is pivotal to under-
line the absence of persistent disease, to fully
reassure the patients, and therefore to monitor
them periodically simply by clinical examination
and basal Tg measurement [11, 18].

The evaluation of the biodistribution of *'I
can be usually well defined with planar WBS
imaging, however, this modality lacks anatomi-
cal information and has poor image resolution.
As previously mentioned, the use of SPECT/CT
can improve the diagnostic accuracy of WBS,
resulting in accurate anatomic localization,
reduction of the number of indeterminate find-
ings, and correct assessment of size, localization,
and avidity of metastatic lesions. These data are
therefore able to guide further management deci-
sions and, in particular, it has been reported that
SPECT/CT was able to change patients’ manage-
ment in 25% of the cases, in particular for what
concerns the frequency and intensity of follow-
up studies. Interestingly, the incremental value of
SPECT/CT in influencing the therapeutic
approach appears to be greater in studies where

its role has been reserved in situations with diag-
nostic uncertainty at posttherapy WBS or in
advanced diseases with inconclusive WBS find-
ings. In this field, the combination of posttherapy
planar WBS and SPECT/CT of the neck and tho-
rax had a sensitivity of 78% and a specificity of
100% for the assessment of DTC and further-
more the use of SPECT/CT can reduce the need
for  additional  cross-sectional = imaging.
Interestingly, it was reported that a positive find-
ing on SPECT/CT was more predictive of treat-
ment failure than a positive finding on WBS [18].

The assessment of nodal localization of dis-
ease is mandatory for the correct staging of
DTC. In this setting, WBS is mandatory for
lymph node assessment and SPECT/CT has been
demonstrated to be more accurate than WBS
when evaluating nodal metastases, resulting
again in a change in risk stratification [21, 22].

SPECT/CT has, however, some limitations,
such as the presence of additional radiation expo-
sure to the patient derived from the CT compo-
nent (low-dose CT usually delivers to the patients
a dose of 2-5 mSv.), the need for additional
imaging time and the increased costs.

8.3.1.3 Response Assessment, Disease
Monitoring, and Long-Term
Follow-Up

The initial risk assessment of DTC patients is
continuously modified and refined by the evalua-
tion of response to treatment. Tg measurements,
neck US and WBS (with both '?*I or 3'T) are used
as primary tools for the follow-up of such sub-
jects, having the potential to impact prognosis
and risk stratification. However, at present no
shared consensus on the routine use of *'I WBS
during the follow-up of DTC patients is avail-
able. In this setting, the aforementioned ATA
guidelines suggest performing WBS in patients
with high- or intermediate-risk of persistent dis-
ease, while it should not be routinely performed
for the follow-up of other patients [1]. The use of
WBS in low-risk patients should be strongly dis-
couraged, especially in the presence of negative
Tg values and neck US [11, 23].

A diagnostic WBS, performed 6-12 months
after RAI therapy, can be useful for the follow-up
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of patients with high- or intermediate-risk and
should be performed with T or 'I. There is a
strong agreement on the relevant role of WBS in
patients with positive TgAb that reduce the eval-
uation of Tg, even in presence of negative US
imaging, with extra-thyroid uptake at postopera-
tive WBS, with large thyroid remnants preclud-
ing the execution of postoperative WBS and in
selected cases based on individual risk profile
[11,24].

Moreover, WBS has been reported as a useful
tool to select patients with a high risk of persis-
tence/recurrence of disease, to assess patients
with metastases and for the clear evaluation of
patients with rising markers (Tg or TgAb).
Notably, *'T WBS performed after primary treat-
ment of DTC has been reported as the only imag-
ing modality associated with improved
disease-specific survival. Furthermore, the use of
rhTSH has shown to give reduce patients’ dis-
comfort and significantly improve the diagnostic
performances of planar WBS [25-27].

As previously mentioned, also in the fol-
low-up setting, SPECT/CT after WBS is usu-
ally recommended due to the incremental
diagnostic value over planar imaging. SPECT/
CT is associated with an increased number of
patients with a diagnosis of metastatic lymph
nodes and a decreased frequency of equivocal
findings. In this setting, by providing precise
localization and characterization of the resid-
ual thyroid tissue and '*'T-avid metastases, it
strongly impacts the treatment approach for
DTC patients, leading to a decrease in unnec-
essary 1311 treatment in 20% of patients with-
out disease [22].

WABS is also crucial to define the presence of
iodine refractory disease, the condition when
DTC has lost fully or partially the ability to con-
centrate 3'T despite the presence of disease.

8.3.2 PET/CT Imaging

8.3.2.1 Postoperative Setting

The effective role of !'8F-fluorodeoxyglucose
[18F]-FDG) positron-emission tomography/CT
(PET/CT) for the assessment of DTC remnants at

the time of postoperative evaluation is yet unclear,
with low evidences available in literature.

[18F]-FDG PET/CT might be useful, espe-
cially in high-risk patients, such as those with
aggressive variants and poorly differentiated car-
cinoma, or in case of positive findings on other
imaging modalities. In this setting, it has been
reported that [18F]-FDG PET/CT can be very
effective to search for distant metastases.
Particularly, it can be sensitive for the evaluation
of neck and mediastinal involvement and it may
also be considered a prognostic tool in patients
with metastatic disease, in order to identify sub-
jects at higher risk for rapid disease progression
and poor survival [1, 28].

8.3.2.2 Suspicious Relapse

In general, high-quality evidences about the role
of [18F]-FDG PET/CT in studying DTC sus-
pected relapse have been present. In particular, a
pooled sensitivity ranging from 80% to 88% and
a pooled specificity ranging from 84% to 90%
were reported in the literature. In this setting, sev-
eral factors may influence the sensitivity of
[18F]-FDG PET/CT, such as tumor dedifferentia-
tion, larger tumor burden and, with less evi-
dences, TSH stimulation [29, 30].

The diagnostic performances of [18F]-FDG
PET/CT may improve after TSH stimulation,
however, it has been reported that sensitivity can
be only marginally improved with such interven-
tion and more studies are required to clearly iden-
tify the clinical benefit of this stimulation, in
particular in patients with low Tg values. In this
field, it has been described that [18F]-FDG PET/
CT after TSH stimulation is able to detect more
lesions than imaging performed on thyroid hor-
mone treatment. However, the sensitivity to detect
patients with at least one pathological site was not
different in these two conditions and again the
clinical benefit related to the identification of
focal uptake at PET/CT scan remains to be proven.
As a consequence, there are still no clear evi-
dences that TSH stimulation improves the prog-
nostic values of [18F]-FDG PET/CT [28, 31].

The last ATA guidelines recommend the use
of [18F]-FDG PET/CT in order to assess the pos-
sible presence of DTC relapse in patients with
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increasing Tg levels, negative US, and negative
WBS imaging. Also in cases of patients with neg-
ative WBS and US but increasing levels of TgAb
[18F]-FDG PET/CT has been proposed [1].

Interestingly, it has been reported that
[18F]-FDG PET/CT is more sensitive than neck
US in the detection of relapse in the retropharyn-
geal or retro-clavicular regions [28].

The best Tg cutoff able to define whether
[18F]-FDG PET/CT has been indicated to be per-
formed is still under debate. The aforementioned
ATA guidelines suggest that PET/CT should be
performed when Tg levels are higher than 10 ng/
mL and concomitant negative '*'T imaging. But, it
has been reported that true-positive findings are
present in 10-20% of DTC patients with Tg lev-
els lower than this threshold [32]. Recently, it has
emerged the potential role of Tg kinetics
(expressed as Tg doubling time and/or Tg veloc-
ity) toindependently predicta positive [ 18F]-FDG
PET/CT scan in patients with biochemical relapse
of disease. In particular, the accuracy of
[18F]-FDG PET/CT imaging significantly
improves when the Tg doubling time is less than
1 year, irrespective of the absolute value of Tg [9,
33]. Further studies are needed to confirm or con-
trovert these results.

Another potential field of application of
[18F]-FDG PET/CT is in the presence of high
TgAb levels, where Tg values cannot be reliably
assessed; in presence of elevated TgAb values
and a negative ' WBS a pooled sensitivity of
84% and a pooled specificity of 78% of
[18F]-FDG PET/CT was reported [34].

Moreover, it was also described that a second
empiric session of B!I therapy and subsequent
WBS were not diagnostically or therapeutically
useful in patients with negative [18F]-FDG PET/
CT scan but elevated Tg levels. This evidence
suggests that the correct use of PET/CT imaging
could be able to reduce unnecessary administra-
tions of high 1311 activities. In this scenario, the
correct integration of *'T imaging and [18F]-FDG
PET/CT may optimize additional administrations
of high 3T activities and inform alternative strat-
egies such as surgery or external beam radiation.
Furthermore, the presence of 18F-FDG uptake on
PET/CT imaging in metastatic patients is a major

negative predictive factor for response to '
treatment and an independent prognostic factor
for survival [18].

The presence of positive findings on
[18F]-FDG PET/CT may change the clinical
management of DTC patients in 20—40% of the
cases. In this setting, in the presence of 18F-FDG
positive lesions, alternative procedures instead of
BI therapy may be considered [28].

8.3.2.3 Prognostic Role of PET Imaging

In general, more aggressive and high-grade DTC
are characterized by higher [18F]-FDG uptake
compared to low-grade and less aggressive
tumors. The glycolytic rate of the most active
lesion (sometimes expressed as maximum stan-
dardized uptake value, SUVmax) and the number
of FDG-avid lesions are strongly associated with
survival, even better than RAI uptake, histology,
or immunohistochemical pattern [35-37].

On the other hand, a negative [18F]-FDG
PET/CT scan is able to predict a favorable prog-
nosis because it is associated with the absence of
active DTC and the disappearance of TgAb over
time. On the opposite, the presence of residual
FDG-avid lesions is associated with more aggres-
sive disease and persistently increased levels of
TgAb [38, 39].

Recent studies showed a prognostic role of
metabolic tumor volume (MTV) and total lesion
glycolysis (TLG) in predicting overall survival
and progression-free survival [40].

8.3.2.4 Assessment of lodine
Refractory Disease

In general, [18F]-FDG PET/CT helps address
disease aggressiveness, detect distant metastases,
and risk-stratify patients with iodine-refractory
DTC and anaplastic cancers. It is known that
while more differentiated thyroid cells tend to
retain iodine and have lower glucose metabolism,
undifferentiated cells tend to present with a lower
ability to retain iodine but higher glucose metab-
olism. In this context, [18F]-FDG PET/CT is able
to identify nodal localization or distant metasta-
ses of DTC patients that are not or only partially
detected with *'I WBS and as a consequence, the
need to perform further '*'T therapy should be
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reconsidered and avoided in these situations,
given its low probability to alter the outcome of
such patients. [18F]-FDG PET/CT may detect
new iodine-negative localization of disease in
patients with advanced DTC with stable 3'T WBS
and rising Tg levels. In this scenario, more appro-
priate treatments other than RAI should be con-
sidered [28, 41, 42].

About the role of [18F]-FDG PET/CT for the
prediction of systemic therapy in iodine refrac-
tory DTC, a significant association between aver-
age percent change in SUV and the response
evaluation criteria in solid tumors (RECIST)
response criteria were reported. Early [18F]-FDG
PET/CT in patients on tyrosine kinase inhibitors
(TKI) treatment could be an early indicator of
response and could identify patients that are
unlikely to respond to therapy. It has also been
reported that [18F]-FDG imaging assessment at
the baseline is able to predict radiological
response but not clinical outcomes [43].

8.3.2.5 |
124 is an iodine isotope able to emit positron and
it is, therefore, a suitable tracer to assess iodine
metabolism with PET/CT imaging. The role of
14T in the assessment of DTC is based on the
assumption that this tracer is able to overcome
some intrinsic limits of both '*T and '*’I such as
the reduced spatial resolution of SPECT/CT, poor
image quality, and dose exposure. Theoretically,
2T PET/CT could allow the selection of patients
with rising Tg levels but negative neck US and
[18F]-FDG PET/CT imaging, that will benefit
from subsequent radioiodine in order to avoid
inappropriate therapies. A high level of agreement
between I PET and "*'T WBS scan was reported
in the literature, suggesting that '>*I PET/CT could
be used for individualized treatment planning and
staging in DTC patients. In this setting, data in the
literature are however still controversial [1, 36].
It was reported that > PET/CT is able to pre-
dict the response to high dose "*'T and would be a
good diagnostic tool to support clinical decisions
with high diagnostic accuracy. In particular, this
imaging modality was able to reveal previously
unknown lymph nodes and distant metastases
[30, 44].

A negative '*I PET/CT scan could suggest
avoiding "*'T and performing further imaging to
detect the localization of the non-iodine-avid dis-
ease. In contrast, it has also been reported that !>
imaging had low sensitivity in detecting non-
iodine avid metastases that were subsequently
identified by post-therapeutic *'I WBS. In this
field, the high false-negative rate of rhTSH-
stimulated I PET/CT could preclude its use as
a scouting procedure to prevent futile *'I therapy.
It is worth underlining that low diagnostic sensi-
tivity of '**I imaging was reported in the condi-
tions of rhTSH stimulation, while in studies with
high sensitivity the patients were on thyroid hor-
mone withdrawal [45-47].

12T PET/CT could also be useful for the
assessment of post-operative DTC with high sen-
sitivity, providing the detection of unknown
metastases of disease and guiding subsequent 31
[48].

8.3.2.6 Other PET Tracers

Somatostatin Analogs

DTC expresses somatostatin receptors 2, 3, and
5; thus, as a consequence PET/CT with labeled
somatostatin analogs has been proposed as a
diagnostic tool in such disease. In this setting, the
comparison  between  %Ga-DOTATOC  or
%Ga-DOTANOC and [18F]-FDG PET/CT
revealed similar sensitivity in a patient-based
analysis. However, lesion-based analyses in mul-
tiple studies revealed a higher sensitivity for
[18F]-FDG. Interestingly, it was reported that the
accuracy of both modalities was not related to
serum Tg levels, without significant differences
in terms of accuracy between patients with low
and high Tg [49-51].

When using %Ga-DOTANOC in patients
with both negative '*'T WBS and [18F]-FDG
PET/CT, it was reported that the presence of
positive findings was significantly higher in
poorly differentiated and oxyphilic carcinomas
than in papillary or follicular tumors. In sum-
mary, these insights suggest that the diagnostic
role of radiolabeled somatostatin analogs PET/
CT in DTC is characterized by conflicting
results and therefore it should not be considered
in clinical practice [1].
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More recently peptide receptor radionuclide
therapy has been proposed as an alternative for
the treatment of DTC and therefore
%Ga-DOTATOC PET/CT was suggested as a
guide to select patients for treatment. These
insights are however in an embryonal phase and
need therefore to be confirmed by other data [52].

Choline

It has been reported that PET/CT with radiola-
beled choline may be useful in patients with met-
astatic DTC and negative [18F]-FDG PET/
CT. This imaging modality can also be consid-
ered complementary to [I8F]-FDG PET/CT,
thereby increasing information about the status
of the disease. Data in literature are, however,
still in the early phases, and therefore this imag-
ing modality should not be considered in clinical
practice [53].

PSMA

There are only a few evidences in the literature
on the role of labeled prostate-specific membrane
antigen (PSMA) PET/CT for the assessment of
DTC, underlying its potential usefulness for the
assessment of metastatic radioiodine negative
subjects. However, these insights need to be veri-
fied by further evidences [54].

NIS Imaging

BE-tetrafluoroborate ("F-FTB) and
BE-fluorosulfate (®F-FSO;) are iodine analogs
that are recently emerging as potential candidates
to assess DTC given their ability to visualize
sodium/iodide symporter (NIS) in preclinical and
preliminary clinical applications. Even if in small
samples, they revealed high sensitivity in some
cases but their applications in DTC need, how-
ever, to be verified with further studies [55, 56].

8.4  Future Perspectives:
Artificial Intelligence

and Radiomics

In the last years, new knowledge and better tech-
nologies expanded the applications of artificial
intelligence (AI) and extended it to medical prob-

lems: management of the malignant tumor repre-
sents one of the most important and promising
fields of application of Al, particularly in the
diagnosis of malignancy, in the prognostication
and in the management [57-59].

Moreover, a rising interest in quantitative
image analysis using techniques such as texture
analysis has been developed. This has led to the
introduction of radiomics, which has come to
define large radiological image-derived feature
sets, primed for exploration and analysis with
data mining or machine learning approaches.
Radiomics is a method that extracts a large num-
ber of features from radiographic medical images
using data-characterization algorithms. The goal
of both radiomics and texture analysis is to go
beyond the size or human eye-based semantic
descriptors, to enable the non-invasive extraction
of quantitative radiological data to correlate them
with clinical outcomes or pathological character-
istics [59, 60].

But, there is great uncertainty about the actual
clinical value of information derived from
radiomic features as questions are raised on their
reproducibility and interpretability in biological
terms, beyond ethical concerns.

Regarding the postoperative field, a little num-
ber of studies that investigate the potential role of
IA and/or radiomics are available.

The artificial neural network showed to have
optimal accuracy in identifying factors that pre-
dict the presence of central nodal metastases [61],
even better than traditional logistic regression
analysis [62]. In a recent study [63], the applica-
tion of machine learning algorithms showed to be
superior to the classical US and clinical features
in predicting central nodal metastases and after
multivariate analysis and feature selection, the
combination of young age, male gender, low
serum thyroid peroxidase antibody, and US char-
acteristics (like the presence suspected lymph
nodes, size>1.1 cm and microcalcifications) were
the most contributing predictors.

Furthermore, it has been reported that machine
learning techniques could predict the presence of
lymph node metastases with high sensitivity and
specificity using only visual histopathological
data derived from the primary tumor [64, 65].
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The possible presence of skip metastases (a
nodal disease in laterocervical levels without the
involvement of the VI level), was also assessed
reporting a model with high accuracy, specificity,
and NPV. In this setting, the possibilities to better
predict the presence of undetectable central node
metastases and exclusion of skip metastases may
help to choose when prophylactic lymphadenec-
tomy of the VI level could be necessary [66].

Another promising application seems to be
the prediction of disease recurrence: recent stud-
ies currently reported an accuracy of about
70-90% in the prediction of disease recurrence
with an optimal NPV. According to the main
international guidelines, thyroglobulin level after
thyroidectomy, tumor size, and presence of con-
tralateral nodal disease apparently are the most
significant parameters derived by Machine
Learning systems. More studies are needed to
establish the best family of parameters or the
combination of them for predicting the risk of
recurrence. The possibility to predict DCT
metastases and local recurrence could help in
defining therapeutic and follow-up strategies.

It is worth underlining that despite a large
number of works in the literature about the char-
acterization of thyroid nodules and preoperative
management of thyroid malignancy, no studies
about the possible clinical usefulness of the anal-
ysis of radiomics features, a specific field of Al
based on the extraction radiological and nuclear
medicine imaging, in the postoperative manage-
ment of DTC are actually available.

The application of promising machine learn-
ing techniques for the assessment of DTC has
just started and more studies are necessary in
order to create better models able to guide clini-
cal practice.
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