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5.1 Introduction

Thyroglobulin (Tg) is a large glycoprotein that in
healthy thyroid tissue is stored in the follicular
colloid of the thyroid gland where it acts as a sub-
strate for the synthesis of thyroid hormones. As it
is produced by normal or well-differentiated
malignant thyrocytes only, its tissue-specific ori-
gin makes it highly useful as a tumour marker
[1]. Tg is released into the bloodstream together
with thyroid hormones both upon physiological
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and pathophysiological stimulation but also upon
destruction of the thyroid gland [2] (Table 5.1).
The advent of Tg measurement in the early
1980s greatly improved the follow-up of DTC,
and due to the gradual improvements in the sen-
sitivity and precision of Tg assays, the measure-
ment of serum Tg has thus become the cornerstone
in the follow-up algorithms for management of
thyroid carcinomas after successful treatment [3,
4]. However, until recently, optimal sensitivity of
Tg assays for the detection of smaller disease foci
required stimulation of endogenous Tg produc-
tion by high serum TSH concentrations, obtained
after expensive exogenous injections with recom-
binant human TSH or after withdrawal of the

Table 5.1 Causes of increased Tg levels into the
bloodstream

TSH receptor stimulation by TSH, TSH receptor
antibodies and human chorionic gonadotropic
hormone (hCG)

Increased proliferation (e.g. benign and malignant
nodules, goitre)

Iodine deficiency

Destructive thyroiditis (e.g. subacute, postpartum and
silent thyroiditis, hashitoxicosis)

Thyroid surgery

Radioactive iodine therapy

Fine needle aspiration cytology and core needle
biopsy

Thermal ablation of thyroid nodules

Serious manipulation of the thyroid gland (e.g.
anterior neck trauma, strangulation)
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patient’s levothyroxine (LT4) replacement ther-
apy, resulting in profound hypothyroidism [5-8].

Over the years, the sensitivity and precision of
Tg assays have improved by multiple orders of
magnitude, and nowadays new highly sensitive
Tg assays are available. In fact, such assays are
sufficiently sensitive to obviate the need for TSH
stimulation in most patients with DTC [9-12].

Therefore, the increasing adoption of these
assays in clinical practice has considerable impli-
cations, such as a reduction of costs of DTC fol-
low-up and avoidance of hypothyroidism [13].

However, measuring Tg is technically chal-
lenging, and in addition, criteria adopted to define
assay sensitivity by different manufacturers, lab-
oratories and clinicians may diverge considerably.
In the present chapter biological basis, advances
and challenges in Tg measurement techniques
and their impact on clinical management of DTC
patients are reviewed.

5.2  Thyroglobulin: Biochemistry

and Physiopathology

The thyroid gland is responsible for the produc-
tion of thyroid hormones, mainly the prohor-
mone thyroxine (T4), which contains four iodide
molecules [14]. The gland consists of thyroid
follicles; i.e. epithelial cells that border a lumen
with their apical membranes and are in contact
with the blood circulation through their basal
membranes, respectively. Thyroidal proteins
involved in thyroid hormone synthesis are the
thyroid-stimulating hormone receptor (TSH-R);
i.e. a seven-transmembrane receptor located in
the basal membrane. Upon stimulation of the
TSH-R, several processes, including Tg synthe-
sis, are upregulated in the thyroid cells to favour
thyroid hormonogenesis [15]. The most abun-
dant protein in the thyroid gland is Tg which
functions as a scaffold protein for thyroid hor-
monogenesis and as a storage protein for thyroid
hormones and iodide. Initial transcription of the
Tg gene (>300 kb) is regulated by thyroid-spe-
cific transcription factors (TTF-1 and TTF-2)
and Pax8 [16]. After translation of the mRNA,
the post-translational route of Tg starts with the

signal peptide directing the uptake in the endo-
plasmic reticulum (ER), where the first mannose
and glucose residues are added and the Tg pro-
tein is folded. Therefore Tg is directed to the
Golgi apparatus, where glycosylation proceeds.
At this point, Tg molecules have a molecular
weight of 300,000, contain 10% carbohydrate
structures and are routed through to the follicular
lumen of the thyroid cells where homodimers
with a molecular weight of 660,000 are formed
[17]. The sodium iodide symporter (NIS),
located in the basal membrane, and pendrin,
located in the apical membrane, are responsible
for the iodide supply and transport within the
gland. Iodination of specific tyrosine residues in
Tg and coupling of these iodinated residues to
form thyroid hormones are done by the thyroid
peroxidase (TPO) anchored in the apical mem-
brane and on one or more thyroid oxidases (Tox)
that provide the H,O, [18]. Before the secretion
of thyroid hormones, Tg is taken up by the fol-
licular cells through a process involving endocy-
tosis and phagocytosis, and thyroid hormones
(mainly T4) are released by proteolytic enzymes
into the bloodstream [19]. For a long time, it was
assumed that no Tg secretion or leakage from the
healthy thyroid could occur. However, when
more sensitive methods to measure Tg became
available, low concentrations of circulating Tg
were demonstrated in virtually all healthy sub-
jects [20-22].

As previously mentioned different benign and
malignant thyroid diseases release significant
amounts of Tg into the blood (i.e. Graves’ dis-
ease, goitre, destructive thyroiditis, differentiated
thyroid carcinoma) with a wide overlap between
them. As a consequence, serum Tg measurement
cannot be used to diagnose and differentiate dif-
ferent thyroid diseases, and Tg is mainly useful
as a tumour marker only after thyroidectomy
(ideally followed by thyroid remnant radioiodine
ablation).

However, in rare cases of patients with proven
distant metastases, high Tg levels may serve as a
useful tool to identify an unknown primary thy-
roid cancer. Finally, serum Tg may be measured
to aid in the differential diagnosis of congenital
hypothyroidism and thyrotoxicosis  factitia.
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Interestingly, serum Tg levels recently proved to
be a useful complementary tool in the challeng-
ing management of thyroid nodules with indeter-
minate cytology reading [23].

5.3  Thyroglobulin Measurement:
Methods and Analytical

Performance

Immunoassay has been the main analytical tech-
nique used for the measurement of serum Tg,
first by competitive immunoassay and later by
immunometric (reagent excess) assays. More
recently, also mass spectrometric methods have
been developed. Each new assay format has been
developed to attempt to overcome the major ana-
lytical challenges in measuring Tg, a heteroge-
neous analyte of large molecular weight, in the
presence of interfering antibodies. It is notable,
however, that there is no reference method sys-
tem including a reference method procedure
available for Tg, and use of the BCR® 457 certi-
fied reference material (formerly CRM 457) has
not completely eliminated the notable differences
in results obtained by different methods [24].
Issues of commutability of the BCR® 457 mate-
rial and the need for harmonization have yet to be
addressed [25].

5.3.1 Standardization

and Harmonization

Tg is a large (660 kDa), highly glycosylated
dimeric molecule that is heterogeneous in serum
due to differential splicing of Tg mRNA as well
as carbohydrate and iodide heterogeneity. In
addition, biosynthesis of the mature Tg molecule
may become deregulated in thyroid tumour cells
resulting in differences in the structure of circu-
lating Tg protein. These changes can lead to
exposure or masking of epitopes and hence dif-
ferences in Tg immunoreactivity. Different Tg
assays employ a number of antibodies against
Tg, with varying specificity for different epit-
opes. Potentially this introduces variability in the
measurement of different Tg isoforms and ulti-

mately to differences in Tg concentration
reported by the assays [26, 27]. Early interna-
tional collaborative studies showed that serum Tg
concentrations varied by as much as 40-60%
between methods [28, 29]. The introduction and
use of the BCR® 457 have significantly reduced
inter-method variability to about 30% but have
not completely eliminated it [30]. Consequently,
any change in Tg assay has the potential to dis-
rupt serial monitoring and prompt inappropriate
clinical decisions. For longitudinal consistency
of clinical care, consecutive measurements of Tg
concentrations should be performed in the same
laboratory using the same assay each time. If an
assay change is unavoidable, a new baseline of
the individual patient’s serum Tg concentrations
should be established through parallel Tg mea-
surements using both the old and the new assay
[26, 27, 30]. Furthermore, internal and external
quality control programmes, including samples
at low and very low Tg concentrations, are of piv-
otal importance for checking the precision, repro-
ducibility (internal quality control) and accuracy
(e.g. lack of bias of analytical results) of assays to
ensure optimal patient care. Laboratories provid-
ing Tg measurement are required to participate in
a certified national or international programme of
quality assurance [31].

5.3.2 Analytical Performance

Laboratory specialists are familiar with the nec-
essary experiments that must be performed in
order to verify assay performance, namely,
assessment of linearity, measuring range, true-
ness (measurement bias), comparability through
patient comparison studies and limit of detection/
limit of quantitation/functional sensitivity. It is
worth considering some particular points with
regard to serum Tg [32]. Commercial assays may
be provided with an assay diluent and specify a
dilution value (e.g. 1 in 10 v/v). Laboratories may
wish to consider whether this covers the range of
concentrations that is required from a clinical
perspective (i.e. monitoring of metastatic dis-
ease). The concentration at which the high-dose
hook effect has been excluded should also be
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determined. The feasibility of using an in-house
human serum pool as diluent (with undetectable
TgAb as measured by a suitable assay and Tg
concentration less than 0.1 pg/L) may need to be
investigated and the linearity over a wider con-
centration range determined. Estimation of
recovery of added Tg has been proposed as a
method of assessing whether there is interference
by endogenous antibodies (i.e. Tg antibodies,
TgAb and heterophilic antibodies, HADb),
although this is not advocated by current guide-
lines (see section on Interferences). Nevertheless,
determination of quantitative recovery should be
performed as part of the method validation of the
assay [32]. Studies have shown that the measured
recovery is dependent on the protocol used—in
particular the Tg concentration, source of Tg
(degree of iodination) and incubation time.
Assessment of recovery using a source of Tg
independent of the kit calibrators is suggested,
though manufacturers may recommend a proto-
col if recovery is being determined in the context
of assessing assay interference [26].

5.3.2.1 Analytical Sensitivity

The growing recognition of the clinical need for
improved precision of assays at low Tg concen-
trations has been paralleled by improvements in
assay sensitivity with the original radioimmuno-
assays (RIAs) reporting down to 2-5 pg/L, the
first immunometric assays (IMA) down to 1 pg/L
and, more recently, IMAs with limits of about
0.1 pg/L. However, these broad comparisons are
limited because of differences in bias between
different assays and because different experimen-
tal and statistical methods were used to determine
the sensitivity of the assays. In the first instance,
analytical sensitivity has often been determined
by repeat analysis of the zero calibrator and
determination of the apparent concentration
equal to the zero plus 2 or 3 standard deviations
of the signal for immunometric assays (minus for
competitive assays), which is known as the limit
of the blank (LOB). In the majority of cases, the
measured sensitivity will be below the concentra-
tion of the lowest concentration calibrator.
Although of limited use in understanding the pre-
cision of low concentration samples, the LOB

can be useful when optimizing conditions during
assay development. The limit of detection (LOD)
is defined as the lowest analyte concentration that
can be distinguished from the LOB using repli-
cate analysis of a sample of known low concen-
tration. Lastly, the limit of quantitation (LOQ) is
similar to the functional sensitivity but does have
an additional requirement for predefined goals
for bias and imprecision and is increasingly used
as a measure of sensitivity for both immunomet-
ric and mass spectrometric assays. The relation-
ship between these estimates of sensitivity is
LOB < LOD < LOQ. Manufacturers should
quote LOB, LOD and LOQ as determined by
regulatory authorities and national guidelines
(e.g. those of the Clinical and Laboratory
Standards Institute EP17-A2) [33, 34]. Functional
sensitivity (FS) was introduced as a measure of
analytical sensitivity and was originally described
for assessing the sensitivity of TSH assays. The
NACB protocol [4] indicates that FS may be
determined from between batch precision of Tg
measurement:

— In patients serum pools

— In the same test mode (singleton or duplicate)
as the patient samples

— Over the clinically relevant concentration
range

— Over two different lots of reagents and
calibrators

— Over a period of >6 months

The patient pools should be TgAb negative.
The protocol specifies three different concentra-
tion ranges for the patient pools. From the calcu-
lated precision profile, a cut-off value
corresponding to a CV of 20% (somewhat arbi-
trarily) is taken as the FS (Table 5.2).

The difference in FS between Tg assays has
created a “generational” nomenclature system
with each subsequent generation exhibiting a
substantial improvement (i.e. tenfold). It should
be recognized, however, that there are limitations
to this approach when determining the sensitivity
of an assay (i.e. potential matrix effects) and dif-
ferences in the statistical approach to the
calculation of the precision profile, principally to
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Table 5.2 Definitions of different parameters describing
analytical sensitivity

Protocol
IFCC

Parameter Definition

Limit of blank

Highest measurement that
is likely to be observed for
a blank sample

[mean, g, + 1.645(SDym)]

Lowest amount of that can
be detected, but not
quantified as an exact
value LOB + 1.645 (SD 4,
concentration mmp/e)

Lowest amount of analyte
in a sample that can be
quantitatively determined
with stated total error,
understated experimental
condition

Limit of IFCC

detection

Limit of IFCC

quantitation

Functional NACB

sensitivity

Lowest amount of analyte
that can be quantitatively
determined with an
inter-assay coefficient of
variation <20%

do with the identification of outliers and the con-
fidence intervals of the profile. In facts confi-
dence intervals of the precision profile may vary
significantly over the concentration range indi-
cating the confidence with which the calculated
FS can be viewed. In addition, the published lit-
erature is often not helpful since details of the
procedure used to generate the precision profile
are rarely provided (e.g. whether within or
between batch precision was used, how many
samples were analysed and whether samples
were analysed in singleton or duplicate).
Therefore, with such sparse data, the relationship
between imprecision and concentration can only
be poorly estimated [35]. Finally, given that assay
performance can vary with time, operator, reagent
lot, calibration, equipment maintenance and
other factors monitoring of sensitivity whether as
FS or LOQ should be ongoing, and laboratories
should determine their own FS/LOQ rather than
just quoting manufacturers’ data [36]. Consequent
to above arguments, it becomes clear that in com-
paring the performance of different Tg assays
and in order to provide clinicians with realistic
interpretations of Tg results, it is necessary to
know exactly how “sensitivity” has been deter-
mined such that like can be compared with like.

Some examples of these approaches are illus-
trated in Table 5.3.

5.3.2.2 Reference Range
Valid estimations of a reference range require
sizable groups of subjects; all of whom must be
correctly identified according to the absence of
disease by methods other than the diagnostic
tests being evaluated [37]. Selection criteria of
reference population are critical as, for example,
Tg reference values are geographically sensitive,
since serum Tg is influenced by iodide availabil-
ity and intake [38]. According to the National
Academy of Clinical Biochemistry, the reference
range could be evaluated in healthy non-smokers
with thyroid-stimulating hormone (TSH) within
the normal reference range for the population,
with no personal or familial history of thyroid
disease, no palpable or visible thyroid gland nor
positive antibodies against Tg (TgAb) or thyro-
peroxidase (TPOADb). The Tg reference range
should be expressed as median =+ 2 standard devi-
ations obtained after log-transformation of data
[39, 40]. Reference ranges of Tg in widely
employed Tg assays are summarized in Table 5.4.
The tissue-specific origin of Tg biosynthesis
dictates that Tg in serum will be absent in DTC
patients treated by thyroid ablation (i.e. expected
Tg values theoretically correspond to zero). As a
consequence, the clinical impact of Tg reference
range in thyroid healthy subjects is limited.
However, a reliable reference range is useful to
properly evaluate the assay performance, espe-
cially at low Tg concentrations. In fact, assays
which provide the greatest distinction between
the lower limit of the euthyroid reference range
and the analytical limit of the assay offer the most
clinical sensitivity for detecting small amounts of
thyroid tissue even in the TSH-suppressed state
[4]. Subnormal to undetectable serum Tg levels
(despite a negative TgAb test results) are occa-
sionally encountered in clinical practice in DTC
patients with clear disease foci or significant thy-
roid remnants [41-43]. Such false-negative
results may erroneously suggest complete
biochemical response and may occur when the
spatial conformation of Tg is changed, leading to
decreased immunoreactivity or when the ability
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Table 5.3 Analytical sensitivity of some commercially available Tg assays as reported in the literature or quoted by

manufacturers

Assay Manufacturer

Methodology

Parameters (ug/L)

sTg KRYPTOR BRAHMS

TRACE

LOB =0.02 (M), LOD =0.04
M)

LOQ =0.1 (M), total
allowable error of <40%

Tg I COBAS ROCHE

ECLIA

LOB 0.02 (M), LOD 0.04 (M)
LOQ 0.1 (M), total allowable
error <30%

FS 0.1 inter-assay CV = 20%

Tg Access Beckmann

CLIA

LOD 0.1 (M)

FS 0.1 precision profile from
ten pools at a CV =20%

FS 0.05 according to NACB

Dynotest Tg Plus BRAHMS

IRMA

LOD 0.16 (M)

FS 0.4 (M)

Values corrected for difference
in BCR® 457 standardization
(i.e. correction factor: x 2)

elASON Tason GmbH

ELISA

FS 0.2 (M)

Legend: LOD limit of detection, LOQ limit of quantification, FS functional sensitivity, M manufacturers, TRACE time-
resolved amplified cryptate emission, ECLIA electrochemiluminescent immunoassay, CLIA chemiluminescent immu-

noassay, /[RMA immunoradiometric assay

Table 5.4 Tg reference ranges in different assays

Assay Manufacturer Methodology Reference range (pg/L)
RIA Tg-plus BRAHMS IRMA 2.00-51
sTg KRYPTOR BRAHMS TRACE 2.40-48
Tg Il COBAS ROCHE ECLIA 3.50-77
Tg IMMULITE 2000 DPC CLIA 1.60-60
Tg Access Beckmann CLIA 1.59-50

Legend: JRMA immunoradiometric assay, TRACE time-resolved amplified cryptate emission, ECLIA electrochemilu-
minescent immunoassay, CLIA chemiluminescent immunoassay

to secrete Tg is lost by cancer cells. In other cases
false-negative Tg results may occur in the pres-
ence of an undetected TgAb interference [44].
As preoperative Tg below the lower reference
limit may be detected in these cases, a measure-
ment of Tg and TgAb before thyroidectomy was
proposed in all DTC patients. This strategy pro-
vides “baseline” Tg and TgAb concentrations
which serves as benchmark for the subsequent
follow-up and could theoretically allow assess-
ment of the reliability of post-surgery Tg and
TgAb measurements [4, 44]. However, this sim-
ple concept is not widely accepted in clinical

practice [despite pre-therapy measurements are
recommended for other tumour marker such as
calcitonin in patients with medullary thyroid
carcinoma.

5.4 The Relationship Between
Thyrotropin
and Thyroglobulin

Like the physiological thyroid secretion,

tumoural secretion of Tg mostly displays a
TSH dependency as follicular-derived tumour
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cells mostly preserve TSH receptors. As a con-
sequence, Tg concentrations measured under
maximum TSH stimulation (i.e. stim-Tg) exceed
Tg values under TSH suppression (i.e. on Tg) by
one order of magnitude. In clinical practice TSH
stimulation is obtained by withdrawing levothy-
roxine (~4 weeks) or by administering recom-
binant human TSH (rhTSH). The protocol for
Tg stimulation approved by regulators in every
country where rhTSH is marketed consists of an
intramuscular injection of 0.9 mg of rhTSH in the
buttock, followed by a second injection of rhTSH
0.9 mg 24h later. A serum stim-Tg is obtained
72 h after the second thTSH injection [45]. A sig-
nificant correlation was found between peak of
Tg after hormone withdrawal and administration
of thTSH; however, rhTSH-stimulated Tg levels
are usually (significantly) lower than off-Tg ones
[46]. Several explanations may be offered for the
Tg increments after thyroid hormone withdrawal
being higher than those after thTSH. Tg synthe-
sis and secretion are more continuous and pro-
longed during endogenous TSH stimulation, and
Tg clearance rate may be lower, compared with
exogenous stimulation. Whatever the cause, this
finding poses relevant problems in the interpreta-
tion of the serum Tg results obtained by different
stimulation protocols. The TSH level is necessary
to achieve adequate Tg stimulation after thyroid
hormone withdrawal has not been determined,
and the commonly used cut-off is derived from
the level thought necessary for radioactive iodine
imaging. Valle and colleagues [47] reported that
TSH and Tg levels continuously rise throughout
4 weeks of thyroid hormone withdrawal, and
the minimal TSH cut-off of >30pUI/mL may be
inadequate to detect many patients that eventu-
ally demonstrated a stimulated Tg >2 pg/L. A
TSH cut-off of >80-100 pUI/mL was more reli-
able to detect these patients, suggesting that
consistent methods and intensity of stimulation
are necessary for adequate comparisons when
monitoring patients with DTC. Interestingly,
when the Tg was undetectable (<0.2 pg/L) at a
TSH level > 20pUl/mL, their final Tg did not
stimulate to >1-2 pg/L during 4 weeks of thyroid
hormone withdrawal with 91% and 100% cer-
tainty, respectively. Similar problems when using

rhTSH stimulation were also reported regard-
ing body surface area, lean body mass and age,
as these factors may affect the TSH concentra-
tion that is reached after thTSH administration
[48-50]. All in all, consistency in the method and
manner in which stimulated Tg is performed is
needed, and differences should be acknowledged
when consistency is not possible. Additionally,
in contrast with clinical guidelines and current
practice, the same cut-off thresholds should not
be used for different stimulation methods. In fact,
when Tg measurements were obtained using both
stimulation methods in the same patients, it was
observed that Tg levels after rh'TSH stimulation
were fourfold lower than after withdrawal of thy-
roxine replacement, respectively [51]. In prac-
tice, clinicians should be prompted to recognize
the dynamic variables of TSH, weeks of thyroid
hormone withdrawal and method of Tg stimula-
tion when they compare different stimulated Tg
results in a DTC patient. Overall, by consider-
ing the principle factors influencing serum Tg
concentrations (i.e. thyroid tissue mass, injury
and TSH), it is evident that the trend in basal
Tg, measured when TSH is suppressed, should
reflect changes in thyroid tissue mass and thus
provide more accurate clinical information than
stimulated Tg testing [4]. A follow-up strategy
centred on unstimulated Tg is now possible by
employing highly sensitive Tg assays. Using an
assay with a functional sensitivity of 0.4 pg/L,
Giovanella et al. measured unstimulated serum
Tg in 117 low-risk DTC patients: the nega-
tive predictive value of a Tg level < 0.4 pg/L
was 96% and increased to 99% when combined
with neck US. In this study, rhTSH-stimulated
Tg measurement only detected one additional
recurrence in 104 patients with an undetectable
unstimulated Tg [10, 13]. After that, a number of
studies were performed to investigate the perfor-
mance of basal highly sensitive Tg measurement
in the follow-up of DTC patients [12, 44, 52-57].
Recently, Giovanella et al. reviewed and meta-
analysed data from nine studies including 3178
DTC patients and confirmed the very high nega-
tive predictive value (98—-100%) of an undetect-
able basal highly sensitive Tg (e.g. <0.1 pg/L).
Importantly, these assays also have an adequate



72

L. Giovanella et al.

sensitivity for detection of recurrent disease
(88-98%) [58]. All in all, the negative predic-
tive value of a thTSH-stimulated Tg value below
1-2 pg/L is comparable to a basal high-sensitive
Tg value below 0.10-0.20 pg/L. Therefore highly
sensitive assays obviate the need of TSH stimula-
tion in DTC patients with undetectable basal Tg
levels. Additionally, although the low frequency
of DTC recurrences impacts the ability to study
positive predictive values (PPVs), the PPV of an
rhTSH-stimulated thyroglobulin above 1-2 pg/L
appears comparable to a basal highly sensitive Tg
above 0.10-0.20pg/L [59, 60]. In addition, the
trend in basal hsTg, measured when TSH is low-
ered/suppressed at constant level, should reflect
changes in thyroid tissue mass and thus provide
a sensitive parameter for disease [4, 44]. This
is also supported by a growing number of stud-
ies showing the prognostic utility of monitoring
the basal hsTg trend and thyroglobulin doubling
time [61-66].

5.5 Thyroglobulin Antibodies
and Other Interferences
on Thyroglobulin
Measurement

Together with thyroperoxidase antibodies,

TgAb are important pathogenic markers of thy-
roid autoimmune disease, present in approxi-
mately 10% of most female populations,
depending on, e.g. the iodine intake [2, 67]. In
DTC, on the other hand, TgAb are detected in
15-40% of patients, i.e. roughly twice or more
as often as in the general population. It has also
been noted that the frequency of a previous or
current history of thyroid autoimmunity is
higher than expected in DTC patients [68].
Epitope recognition patterns of TgAb were
recently shown to be restricted to immunodomi-
nant clusters in 58% of patients with different
thyroid cancer, whereas the rest were either
broadly heterogeneous (16%) or nonreactive
(26%). However, median Tg recovery did not
differ between sera with restricted and unre-
stricted specificities (69% vs 80%; p > 0.05). Tg
recovery in these sera was inversely correlated

with the total number of epitopes recognized by
sera (r = —0.66; p < 0.001). TgAb with both
restricted and broad specificities were present in
patients with differentiated thyroid cancer.
TgAb interference was related to the number of
epitopes recognized by sera rather than the pat-
tern of epitope recognition [69]. In an earlier
study, Ruf et al. showed that Tg epitope speci-
ficity of thyroid cancer TgAb was similar to that
of thyroid healthy subjects with low TgAb con-
centrations but different in patients with overt
thyroid autoimmune thyroid diseases such as
Graves’ disease and Hashimoto’s thyroiditis
[70]. Anyway, regardless of whether the pres-
ence of TgAb is due to true autoimmune disease
or not, the possibility of compromising serum
Tg measurements as tumour marker in DTC is
not negligible. The initially established radioim-
munoassays for measurement of serum Tg used
double antibody techniques, which could result
in either falsely high or falsely low serum Tg
quantification, depending on the nature of the
second antibody in the assay. The influence of
the presence of TgAb in serum, however, will
always be unidirectional resulting in a false low-
ering of the Tg concentration when using cur-
rent immunometric assays. In these cases, Tg
contained in a patient’s serum is “sandwiched”
between capture and detection antibody. TgAb
can prevent binding of capture or detection anti-
body (or both) by blocking access to their
respective epitopes on Tg, thereby resulting in
false low Tg measurements [71] (Fig. 5.1).

5.5.1 Screening for TgAb
Interferences in Tg

Measurement

5.5.1.1 Semiquantitative and Indirect
Methods

Semiquantitative assays make use of percentage
of spiked labelled Tg that can be precipitated as
immunocomplexes, gelatin agglutination and
immunofluorescent methodologies with serial
sample dilution. These methods are not used in
current practice due to their low sensitivity and
specificity, manual format and technical com-
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Fig. 5.1 Schematic representation of TgAb interference
in Tg immunoassay. Legend (a) Normal interaction
between anti-Tg capture antibody, Tg and anti-Tg labelled
antibody; (b) TgAb binds Tg preventing interactions
between anti-Tg labelled antibody and the complex

plexity. Indirect assays are based on comparing
observed recoveries with expected recoveries of
defined amounts of exogenous Tg spiked into
patient samples (i.e. recovery test) and were
widely adopted in clinical practice. However,
recoveries may be influenced by exogenous Tg as
multiple Tg isoforms have been found in both
serum and the tissue-derived Tg preparations
typically used for recovery testing. Conventional
recovery testing with serum buffers containing
40-50 pg/L of Tg is considered undisturbed by
most manufacturers if recovery rates are >70—
80%; that is, a Tg concentration of 10-15 pg/L
can be missed without finding a pathologic recov-
ery. Given such a wide reference range, only
strong interferences will be shown when using a
conventional  recovery buffer containing
40-50 pg/L Tg. In earlier days, when the lower
detection limit of Tg assays was approximately
5 pg/L, this low sensitivity of recovery measure-
ment might have been adequate. In modern clini-
cal practice, a level of less than 1 pg/L is
considered relevant, and as a consequence, con-
ventional recovery testing is no longer adequate,
and its use in clinical practice is discouraged
[72-74]. A new development in recovery testing
is the introduction of the so-called mini-recovery,
in which recovery measurement is performed by
adding serum with a low (i.e. 1-5 pg/L) Tg con-
centration. Theoretically, this mini-recovery test
should be able to identify a detection loss of
about 1 pg/L Tg, which, as already described,
represents a clinically relevant limit. Preliminary
clinical data are promising, but the performance

Tg-anti-Tg capture antibody; (¢) TgAb binds Tg prevent-
ing interactions between anti-Tg capture antibody and the
complex Tg-anti-Tg labelled antibody; (d) TgAb seques-
ters Tg, preventing the binding with the capture and the
labelled antibody

of this mini-recovery has not yet been investi-
gated extensively in DTC patients [75-77].

5.5.1.2 Thyroglobulin Antibodies
Immunoassay

The determination of TgAb started 50 years ago
with little sensitive qualitative techniques such as
complement fixation, indirect immunofluores-
cence tests, passive hemagglutination, particle
agglutination and immunodiffusion [78]. Later,
in the 1980s, more sensitive competitive RIAs
became available; they detected TgAb as a func-
tion of 'I-Tg binding and reported results in
kIU/L relative to the International Reference
Preparation (IRP) and Medical Research Council
(MRC) 65/93 [72]. Over the past decade, most of
the laboratories have preferred non-isotopic,
competitive or noncompetitive, automated IMA
methods. They are currently considered the “gold
standard”, and their use is recommended by both
clinical and laboratory guidelines [4, 8, 44, 79].
The main analytical performances of the current
TgAb automated IMA methods are described in
Table 5.3. They employ defined Tg-derived anti-
gens in controlled concentrations, and most of
them claim to be standardized against the IRP
MRC 65/93 reporting results in kIU/L (= IU/
mL). However, despite IRP standardization, sev-
eral studies demonstrated the persistence of
marked differences between TgAb IMAs: high
variability of LOD, LOQ, FS and TgAb results
for the same specimen measured by different
methods (variation up to 100-fold) [78, 80-90].
The sources of TgAb inter-method variability are
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manifold. First, the IRP MRC 65/93 dates back
about 60 years, and it is made up of a pool of
human plasma samples containing TgAb with Tg
epitopic specificities which are more representa-
tive of thyroid autoimmunity than DTC [69, 91,
92]. In addition, some methods use their own
internal standards being not standardized directly
with IRP MRC 65/93 (Table 5.1), and so the dif-
ference between the epitope specificity of the ref-
erence preparation and of the secondary standards
could result in widely discrepant numeric TgAb
values for the same serum specimen (Table 5.3)
[84, 86]. Another source of variability is the het-
erogeneous Tg immunoreactivity: differential
splicing of Tg mRNA, various post-translational
modifications (glycosylation, sialic acid content,
iodination and sulfation) and alterations of bio-
synthesis regulation in thyroid tumour cells lead
to exposure or masking of epitopes with resulting
differences in Tg immunologic structure [93]. If
the variations of Tg during the follow-up of DTC
patients affect TgAb, characteristics are a matter
which merits to be studied [94]. The assay dis-
cordance could also be assigned to the distinct
specificity of patient’s circulating TgAb for Tg. It
seems that each patient has a typical IgG subclass
and specificity for recognizing the Tg assay
reagents [95]. Latrofa et al. [92], using recombi-
nant human monoclonal TgAb, demonstrated the
existence of two different models of TgAb epit-
opes: autoimmune thyroid disease (AITD) model
and non-AITD model; the first displayed a more
restricted epitope pattern with higher inter-
method concordance; the non-AITD model had
heterogeneous epitope pattern with consequent
discrepantresults in different assays. Interestingly,
papillary thyroid carcinoma with lymphocytic
thyroiditis resembled a model similar to that
AITD with less epitope heterogeneity [94]. TgAb
heterogeneity has two main implications: first,
the ratios between TgAb measurements made
with different assays remain constant during the
serial monitoring of individual patients [73].
Secondly, even when different assays correspond
well with each other in most patients, they might
give discrepant results in certain individuals,
probably due to dissimilarities in the Tg-derived
antigens used in the assays, which might be rec-

ognized differently by distinct patient’s TgAb
[71, 96]. The determination and the interpretation
of the cut-off of positivity are another important
point to be addressed; in fact, the analysis of sev-
eral studies showed a relevant discrepancy
between the upper reference limits (URLs),
according to the method employed [84, 85, 88].
A comparative study with most of the currently
marketed immunometric automated methods in
order to determine the experimental URL
(e-URL) at the 97.5th percentile for each TgAb
method was conducted according to the CLSI
standard C28-A3c (submitted data) [97-99]. A
panel of 120 sera obtained from healthy subjects
were tested for TgAb. A wide variability of the
e-URLs was found between methods but also,
within the same method, between the manufac-
turer’s URL (m-URL) and the e-URL (Table 5.5).

Particularly, with the exception of the
Architect 11000 and the Maglumi 2000 Plus,
e-URLs were lower than those claimed in the
package inserts. These discrepancies could be
related to the lack of strict criteria in the selection
of the subjects for the reference group; in fact,
there could be racial differences as most of the
studies, sponsored by manufacturers, were per-
formed in the geographical area of the production
line and consequently difficult to reproduce in
other settings. Moreover, the use of non-stringent
criteria in the choice of subjects could have led to
the enrolment of individuals with subclinical
AITD and so high levels of TgAb, causing the
raise of the URL. All in all, the differences
between m-URL and e-URL highlight the need
for individual laboratories to confirm the
appropriateness of the reference intervals accord-
ing to the method they use and the patient popu-
lation they serve [85, 99—102]. Theoretically, a
simple relationship exists between Tg and TgAb
and the higher the TgAb concentration, the higher
the Tg concentration that can be concealed by
TgAb. Effectively, a logarithmic relationship was
reported between TgAb concentrations (mea-
sured by IMAs) and surrogate measures of TgAb
interference in Tg assays, such as the prevalence
of undetectable Tg concentrations in patient pop-
ulations or abnormal Tg spike recovery.
Interference rates in two studies, for example,
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were about 5-8% percentages at TgAb concen-
trations of less than 4-6 kIU/L but rose quickly to
approximately 30% just above this level and con-
tinued to rise asymptotically to 70-85% at
50-100 kIU/L with minimal further increment in
prevalence thereafter [69, 103]. However, low
concentrations of TgAb may be sometimes asso-
ciated with strong interference, and, conversely,
patients with high concentrations of TgAb show
no evidence of interference with the Tg measure-
ment. On the basis of these considerations, the
term positivity (that means TgAb concentration
higher than the URL) is used inappropriately, and
many specimens with interfering TgAb were
proved to be misclassified as TgAb negative
using m-URL. In fact, since the relationship
between TgAb concentration and their interfer-
ence in Tg IMAs is not clear, with even low con-
centrations of TgAb being able to cause
false-negative results, TgAb URL must be inter-
preted with caution, never forgetting that it is
usually calculated to diagnose AITD and not to
exclude the presence of potentially interfering
TgAb. Most likely, false-negative misclassifica-
tions could be reduced or even eliminated by
using the LOD/FS of the method employed.
Thus, it is advisable to use high-sensitivity quan-
titative TgAb assays, in order to allow detection
of the majority of possible TgAb interferences
[44]. Therefore, according to these findings, two
different cut-offs for TgAb could be defined, one
for the diagnosis of AITD and one for the effects
of TgAb on Tg measurement [104]. However, it
is noteworthy that the LOD/FS cut-off is associ-
ate with about 20% false-positive cases. In addi-
tion, LOD/FS cut-off also has an inherent
15-20% between-run imprecision, leading to
false fluctuations in TgAb status [4, 105]. Finally,
the relevant difference between URLs supported
concerns regarding inter-method bias; in fact,
despite the attempt of harmonization, TgAb
methods were too qualitatively and quantitatively
variable to come up with any definitive and com-
mon cut-off or to establish conversion factors that
would allow a change in method without disrupt-
ing serial TgAb monitoring [89]. The lack of sat-
isfactory agreement between methods has an
important practical implication: on the one hand,

the clinicians/patients had to use always the same
method to measure TgAb in the follow-up of
DTC, and on the other hand, laboratories had to
notify in time any change in TgAb methods to
facilitate re-baselining. Moreover, as the qualita-
tive characteristics of the TgAb secreted by indi-
vidual patients remain constant over time during
long-term monitoring, independent of changes in
TgAb concentration, it is advisable to store a
patient’s sample in order to establish, if possible,
the ratio between the old and the new method,
allowing re-baselining and so the monitoring of
TgAb trend [44, 91, 104, 106].

5.5.1.3 Comparison of Tg Measurement
by Radioimmunoassay Versus
Immunometric Assay

Competitive Tg assays (usually radioimmunoas-
say, RIA), using polyclonal antibodies, were
reported to be less susceptible to TgAb interfer-
ence than Tg IMA methods, and discordance
between Tg measured by RIA versus IMA was
adopted as an additional methodological bench-
mark for detecting TgAb interference [4, 107,
108]. It is unlikely, though, that this observation
can be generalized to all Tg RIAs, as some
authors have found the opposite [109]. Although
TgAb interference with IMA methodology is
always unidirectional (i.e. underestimation), the
influence of TgAb on RIA measurements is vari-
able and assay dependent. Early studies reported
that TgAb caused overestimation of Tg measured
by RIA, presumably when endogenous TgAb
sequestered ['*I-Tg] tracer. In contrast, more
recent studies have suggested that TgAb causes
underestimation of Tg measured by RIA, pre-
sumably when the second antibody reagent pre-
cipitates endogenous TgAb-[1251-Tg] complexes
[1]. Moreover, most RIA methods are less sensi-
tive in detecting Tg than IMA ones. Hence, any
benefits gained in robustness against TgAb inter-
ference might be negated by the inability to detect
the low Tg levels that characterize cure [110,
111]. In summary, any sample with a positive
TgAb result, measured by a sensitive test, should
be considered unreliable for measuring serum Tg
concentrations in patients with DTC. Several
analytes have been investigated as alternatives to
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Tg measurement to assess relapse/metastases in
TgAb-positive DTC patients such as oncofetal
fibronectin, Tg messenger RNA (mRNA), thyro-
tropin receptor mRNA, thyroid peroxidase
mRNA and circulating mutated BRAF. However,
in most studies it proved impossible to achieve
clinically useful sensitivity and specificity levels
for these analytes [8, 112].

5.5.1.4 Tg measurement by Tandem

Mass Spectrometry: Liquid

Chromatography (MS/MS-LC)
Tandem mass spectrometry-liquid chromatogra-
phy MS/MS-LC) recently emerged as a promis-
ing method to overcome interferences in Tg
measurement [113, 114]. The MS/MS-LC work-
flow for protein measurements involves a diges-
tion of the sample with trypsin. Trypsin cleaves
protein in a predictable fashion into peptides,

which are measured and identified by protein
database matching. In fact trypsin digests all pro-
teins in a sample, including Tg and any TgAb or
other antibodies, by cleaving them at predictable
sites. One can then specifically look for tryptic
peptides that are proteotypic for Tg (based on
predicted cleavage), without any interference by
TgAb [115] (Fig. 5.2).

Current MS/MS-LC Tg assays have shown
comparability to immunoassays in samples that
are TgAb negative. In TgAb-positive samples,
which have detectable Tg by Tg immunoassay,
all published MS/MS-LC Tg assays still corre-
lated with the immunoassay but demonstrated a
slope of ~1.5, consistent with systematic under
recovery of Tg (~50-60%) in the immunoassays.
Finally, in samples that are TgAb positive but
have an undetectable Tg by sensitive immunoas-
say, the Tg MS assays can detect Tg in 20-25%
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of cases [116]. In practice, however, many prob-
lems affect Tg measurement by MS/MS-LC. First,
one faces formidable “signal to noise” problems
in identifying the quite low concentration of Tg
peptides in a trillion-fold higher background
abundance of all the other peptides from all the
other proteins, and sample enrichment is required
(i.e. immune affinity purification of the desired
Tg target peptides from all the other peptides).
Second, MS/MS-LC-based Tg assays are man-
ual, complex, with a the long turnaround time
(largely due to the several hours of tryptic digest).
Third, the LOQ of current MS/MS-LC Tg assays
is 0.5-1 pg/L, higher than that of high-sensitive
Tg immunoassay (FS/LOQ ~0.1 pg/L) resulting
in a suboptimal clinical sensitivity. Azmat and
colleagues [117] recently evaluated the frequency
of detectable Tg-MS/MS-LC with the functional
sensitivity (FS) of 0.5 pg/L in patients with struc-
tural disease and compared performance of Tg
MS/MS-LC versus Tg IMA, using either
Immulite® assay with a FS of 0.9 pg/L or
Beckman® assay with a FS of 0.1 pg/L in detect-
ing structural disease in patients with positive
TgAb. In patients with structural disease and
positive TgAb, Tg MS/MS-LC was undetectable
in 43.7% of patients. In the 26 patients with posi-
tive TgAb where Immulite assay was used, the
sensitivity and specificity for detecting structural
disease were at 44.4% and 94.1% for Tg MS/
MS-LC assay and at 33.3% and 88.2% for
Immulite assay. In the 74 patients with positive
TgAb where Beckman assay was used, the sensi-
tivity and specificity for detection of structural
disease were 62.6% and 93.7% for the Tg MS/
MS-LC and 72.7% and 71.4% for the Beckman
assay, respectively. Overall, Tg MS/MS-LC was
frequently undetectable and was less sensitive for
detecting disease than a Tg immunoassay with
functional sensitivity at 0.1 pg/L questioning the
clinical usefulness of reflexing Tg measurement
to MS/MS-LC in TgAb-positive patients [118].
Furthermore, in TgAb-positive patients with neg-
ative recovery measurement, RIA/IMA compari-
son and MS/MS-LC, falsely low Tg levels may
still occur due to a faster biological clearance of
TgAb-bound Tg [119].

5.5.2 Interfering Heterophilic

Antibodies

Heterophilic antibodies (HAb) can bind animal
antigens and form a bridge between capture and
detection antibody leading to a falsely elevated (or,
rarely, falsely decreased) Tg measurement in
immunometric assays. These interferences are
usually eliminated by the manufacturers by adding
blocking agents to the assay, but a small percent-
age of patients (~1-3%) still show HAb interfer-
ence on Tg measurement [120]. HADb interference
may be detected either by recovery measurement
or measurement of Tg in serially diluted sera (pro-
viding Tg concentrations are sufficiently high). An
additional method, which is more specifically
geared towards HAD interference, is to pretreat a
serum aliquot with proprietary blocking agents
and then compare the Tg result with an aliquot that
was not pretreated [121]. In addition, as HAb
interference is generally assay specific, the use of
an alternate assay may both identify a false-posi-
tive sample and provide the correct test value.
From the practical point of view, routine screening
for the presence of HAb is not recommended;
however, one or more of these tests should be per-
formed in patients with discordant clinical find-
ings, such as high serum Tg but negative imaging
workup, positive imaging but undetectable Tg in
the absence of TgAb and/or an unusual clinical
course of Tg concentrations [122, 123].

5.5.3 Hook Effect

Thyroglobulin, as other tumour marker tests
employing two-site noncompetitive IMAs, is
prone to the so-called high-dose hook effect: this
phenomenon is reported for the first time by
Miles [124]. The excessively high concentrations
of the analyte simultaneously saturate both cap-
ture and detecting antibodies. This prevents the
formation of detectable antibody leading to the
formation of stable capture antibody/analyte/
detecting antibody complexes with a plot resem-
bling a “fish hook” (Figs. 5.3 and 5.4) [3]. It
affects mainly solid-phase assays where the cap-
ture antibody concentrations may be limiting.
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In this case a falsely low serum Tg measure-
ment may have important clinical consequences.
This phenomenon is demonstrated for alphafeto-
protein, prolactin, chorionic gonadotropin, PSA,
NSE, calcitonin and other tumour markers [125,
126]. In the case of Tg, published data show that
the recent two-step sandwich IMAs are very
resistant to high-dose hook effect, probably
occurring only at very high concentrations of Tg
(up to 200,000 mg/L) that is an unusual situation
(about 0.1% of routine samples) [3, 127].
However, all laboratories providing tumour
marker assays (i.e. Tg) should be alert to the pos-
sibility of hook effect ensuring a constant vigi-

lance for this phenomenon: to avoid reporting
falsely low results, some laboratories perform
the Tg measurement on both neat and diluted
serum (for cost reasons possible in few laborato-
ries) or make a pool of patient specimens com-
paring it to the expected average of the batch of
samples [128].

5.6 Role of Thyroglobulin

and Thyroglobulin
Autoantibodies in Managing
Patients with Differentiated

Thyroid Cancer

As previously mentioned preoperative Tg mea-
surement is considered to have limited diagnostic
value, although a number of studies report that an
elevated preoperative serum thyroglobulin is a
risk factor for nodular malignancy [23, 129, 130]
and serum Tg measurement is sometime employed
to strengthen or exclude a suspicion of DTC in
patients with widespread metastases of unknown
origin. Also, the relationship between the serum
Tg levels and tumour burden may give indication
of the efficiency of the tumour cells to secrete Tg
and thereby determine the significance of post-
operative serum Tg changes [3, 4, 44, 131].
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5.6.1 Patients Treated by Total
Thyroidectomy

and Radioiodine Ablation

Current international clinical guidelines agree
that Tg is a pivotal sensitive method for monitor-
ing patients with DTC for the presence of resid-
ual or recurrent disease during follow-up after
total thyroidectomy and, ideally, adjuvant '
remnant ablation. For a long time DTC follow-up
was based on stimulated serum Tg in all patients
who had had remnant ablation and negative cer-
vical US and undetectable TSH-suppressed Tg
within the first year after ablation. A “negative”
TSH-stimulated Tg measurement and no other
evidence of recurrent disease (i.e. negative clini-
cal examination, neck US or additional imaging
procedures, when indicated) predicted a very low
risk of recurrence. The prognosis is excellent and
life expectancy normal if response to the treat-
ment is achieved within 6-12 months after treat-
ment, both for low- and high-risk patients [132].
This approach (i.e. dynamic risk stratification
system) allows tailoring follow-up intensity on an
individual basis according to the response
achieved after primary treatment [133]
(Table 5.6).

Traditionally, “biochemical cure” was defined
by a Tg levels <1-2 pg/L following TSH stimula-
tion. More recently, however, novel highly sensi-
tive Tg assays (with a functional sensitivity
<0.1-0.2 pg/L) have been developed and became
commercially available [9]. As rhTSH typically
stimulates basal Tg approximately tenfold, the
negative predictive value of a rhTSH-stimulated

Tg value below the fixed cut-off of 1-2 pg/L is
comparable to a basal high-sensitive Tg value
below 0.10-0.20 pg/L, as consistently confirmed
by literature [44]. Such concept was introduced
in recent ATA 2015 guidelines [8] where inter-
pretation criteria for basal and stimulated Tg
were provided, as summarized in Table 5.7.
These criteria are simple and practical and
allow clinician to modulate the intensity of fur-
ther follow-up and to avoid inappropriate diag-
nostic procedures with relevant impacts on
patients’ comfort and overall costs. However, a
relevant point of discussion is that most guide-
lines do not sufficiently address differences
between different Tg assays in terms of the lower
reporting limit (i.e. functional sensitivity or
LOQ), analytical and clinical performance and
appropriate cut-off limits. In fact, despite calibra-
tion against an international reference standard

Table 5.6 Response assessment after total thyroidec-
tomy and radioiodine ablation according to ATA 2015
criteria [8]

Response Definition

No clinical, biochemical or
structural evidence of disease

Excellent response

Incomplete Abnormal Tg or rising anti-Tg
biochemical antibody levels in the absence
response of localizable disease
Incomplete Persistent or newly identified
structural response loco-regional or distant
metastases
Indeterminate Nonspecific biochemical or
response structural findings that cannot

be confidently classified as
either benign or malignant

Table 5.7 Response assessment after total thyroidectomy and radioiodine ablation: imaging and biochemical criteria

according to ATA 2015 criteria [8]

Response Imaging Thyroglobulin [pg/L]
Excellent response Negative Basal Tg <0.2 pg/L

OR

Stimulated <1 pg/L
Incomplete biochemical response Negative Basal >1 pg/L

OR

Stimulated >10 pg/L
Incomplete structural response Positive Any value
Indeterminate response Indeterminate findings Basal 0.2-1 pg/L

Stimulated 1-10 pg/L
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(BCR®457), multiple assays analysing the same
samples report different values due to heteroge-
neity in both Tg structure and assay reactivity.
Additionally, different protocols are used by
manufacturers to define analytical characteristics
of different assays, and an assay with a declared
higher functional sensitivity value may have a
clinical performance equal to or better than one
with a lower declared functional sensitivity.
Accordingly, clinical thyroidologists and labora-
tory specialists are strongly advised to carefully
evaluate the analytical and clinical performance
of any newly introduced (highly sensitive) Tg
assay, including a comparison between basal and
stimulated values in the same assay, and to con-
firm cut-off and decision limits in their own DTC
patient populations [44]. As a practical recom-
mendation, it should be noted that Tg results can-
not be reliably interpreted from samples collected
immediately after surgery (i.e. post-surgical Tg
half-life: 2—4 days) or up to 3 months after radio-
iodine therapy [62, 134]. Therefore, waiting
6-8 weeks after surgery and 3 months after radio-
iodine therapy is recommended [4, 44]. Finally, it
is important to note that most patients who were
enrolled in available studies on high-sensitive Tg
were affected by low-risk and, even if less fre-
quently, intermediate-risk DTC. Data on patients
with high-risk tumours, however, are sparse and
less robust. As a consequence, further studies in a
broader spectrum of high-risk DTC patients are
needed before applying the same approach in
these cases, and for the moment, using a combi-
nation of ultrasound, stimulated Tg and diagnos-
tic whole body scan is suggested [135].

5.6.2 IsThereaRoleforTg
Measurement in Patients

Treated with Surgery Alone?

5.6.2.1 Lobectomy

According to current clinical guidelines, it is
sufficient to treat low-risk patients with a thyroid
microcarcinoma by resection of the affected thy-
roid lobe only, without complete thyroidectomy
or BT ablation. In this situation, measuring Tg
using either highly sensitive or conventional

assays is essentially useless as Tg levels will not
depend on the presence or absence of tumour
foci but rather on the remaining thyroid lobe vol-
ume, current iodine status and TSH concentra-
tion. In such patients, the options for DTC
follow-up are to perform cervical US and, if
recurrence or metastasis are suspected, to secure
the diagnosis through a fine needle biopsy [44].
More sophisticated Tg reference intervals, math-
ematically normalized to TSH level and residual
thyroid tissue, tailored to individual patients
should be useful in these cases [1]; for the
moment, however, no reliable interpretation cri-
teria are available.

5.6.2.2 Thyroidectomy

In patients with tumours <10-20 mm, no lymph
node and/or distant metastases, a (near-)total thy-
roidectomy without radioiodine ablation is now
considered a reasonable treatment [8]. These
non-ablated patients may have a considerable
thyroid remnant, and a TSH stimulation during
follow-up is not useful as Tg will be detectable
due to remaining healthy thyroid tissue and will
obscure any possible tumour-related Tg level
rise. In addition, the absolute Tg concentration
will be significantly less useful in this scenario.
However, a decrease of Tg concentrations over
time was reported, and the number of patients
with undetectable Tg significantly increased after
5 years of follow-up [136]. A retrospective evalu-
ation of 86 patients with low-risk DTC treated by
total thyroidectomy only (i.e. without radioiodine
ablation) using a highly sensitive Tg assay (i.e.
functional sensitivity, 0.1 pg/L) was reported
[137]. Of the 76 patients without TgAb, the first
Tg measurement (on T4), obtained at a mean
time of 9 months after surgery, was <0.1 pg/L in
62% of cases, <0.3 pg/L in 82%, <1 pg/L in 91%
and <2 pg/LL in 96% of cases. After a median
follow-up of 2.5 years, one patient had persistent
disease, an unstimulated Tg concentration of
11 pg/L and an abnormal neck US, while two
patients had Tg levels >2 pg/L with normal neck
US. Within the first 2 years after total thyroidec-
tomy, the unstimulated Tg level was <0.3 pg/L in
86% and <2 pg/L in 96% of the cases, respec-
tively. However, the authors emphasize that the
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results were strictly dependent on the complete-
ness of surgery by a dedicated surgeon in a refer-
ral centre. More recently, Tg cut-off levels were
proposed by Momesso and colleagues for DTC
patients treated without radioiodine ablation
[138]. However, relevant methodological prob-
lems hampered such study and precluded any
reliable conclusion for the clinical practice. In
facts, they employed five different Tg immunoas-
says over time with different functional sensitivi-
ties and arbitrarily selected Tg cut-off [139].
Then, although a stable low Tg concentration,
combined with normal neck US, may be helpful
in assessing whether there is concern for progres-
sive disease in these patients, reliable interpreta-
tion criteria of Tg testing are still lacking, as
underlined in the last version of ATA guidelines
[8]. It is true that the trend in basal Tg should
reflect changes in thyroid tissue mass and low Tg
concentrations arising from small post-surgical
thyroid remnants are expected after thyroidec-
tomy, typically in the 0.1-0.5 pg/L range when
TSH is suppressed [59]. However, (1) the volume
of thyroid remnants is “surgeon dependent” with
a high variability [140], and (2) TSH-suppression
is no longer recommended in most low-risk and
intermediate-risk DTC patients and TSH levels
ranged between 0.1-0.5 and 2 mUI/L in such
cases. Of course, Tg reference values may be sig-
nificantly different in patients with small rem-
nants and suppressed TSH after surgery and those
with large remnants and non-suppressed TSH
levels, respectively. Again, Tg values should be
normalized to the volume of remnant tissue and
TSH levels to obtain a reliable clinical informa-
tion. Additionally, TSH levels may also impact
the longitudinal evaluation of Tg [i.e. trend and
doubling time] that recently showed prognostic
utility [141]; in facts, aspecific TSH fluctuations
can induce relevant Tg changes that, in turn, may
falsely alert or reassure both patients and physi-
cians. All considered, it seems very difficult, if
not impossible, to provide general interpretation
criteria for serum Tg in non-ablated DTC patients.
Then, for the moment, Tg interpretation in these
patients requires stable TSH levels, consistency
of Tg assay employed across the follow-up and
cautious clinical interpretation.

5.6.3 Managing Patients
with Positive Thyroglobulin
Antibodies

Serum levels of TgAb are not correlated with the
tumour load of the patient but rather indicate the
activity of the immune system. Furthermore, the
mere presence of TgAb in serum has thus far not
conclusively been shown to correlate with a
worse or better overall prognosis. Chiovato et al.
[142] demonstrated that the concentration of
TgAb after thyroid ablation for thyroid carci-
noma of 182 patients with thyroid autoimmune
disease before treatment had a mean disappear-
ance time of 3 years, indicating that the actual
TgAb concentration is not very useful during that
period for outcome prediction. However, TgAb
can be used as “surrogate tumour marker” as
disease-free patients with high TgAb concentra-
tions typically display a progressive TgAb
decline over time, even if some patients may not
achieve full TgAb negativity, possibly because of
the long-lived memory of plasma cells. In this
context the trend is more important than the abso-
lute level: a consistent reduction in the serum
TgAb concentration thus seems to indicate that
the patient is likely to be free of disease, while a
consistent rise or de novo appearance of serum
TgAb raises suspicion of recurrence, and an
unchanged serum TgAb concentration must be
regarded as indeterminate [109, 143, 144].
Unfortunately, robust quantitative criteria for the
interpretation of a specific “rising” or “falling” of
serum TgAb concentration are still lacking [74],
and few caveats should be also mentioned (1) a
very abrupt and extreme rise in serum Tg as in
rapid development of metastatic thyroid carci-
noma may compromise correct quantification of
TgAb measurements by immune complex forma-
tion with falsely low TgAb concentrations; (2) a
rapid, but transient, increase in measured TgAb
concentration may occur shortly after thyroidec-
tomy in patients with prior positive TgAb; and
(3) a similar but slower reaction is seen after
radioactive iodine treatment [145-147]. As a
guide for TgAb trend interpretation, different
authors have suggested that disease-free patients
typically display a > 50% drop in TgAb in the
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first post-operative year [148—150]. However,
this figure is very likely to depend on the initial
pretreatment concentration, and more studies and
evidence are thus required to be able to use this as
early risk assessment in clinical practice, in order
to avoid uncertainty and additional expensive
imaging procedures.

Finally, it should be emphasized that the rec-
ommendation to use serial TgAb concentrations
as a surrogate tumour marker necessitates conti-
nuity of the method in the laboratory as changing
methods disrupts TgAb monitoring. In this con-
text it is worth noting that despite numeric differ-
ences between methods, the ratio between any
two different TgAb methods appears constant for
a given patient but different for different patients,
reflecting TgAb heterogeneity. Establishing the
ratio between an old and proposed new method
on a specimen from the patient can be used to re-
baseline the new method, which is an important
approach in order to avoid misinterpretation of
the long-term outcomes. However, this is rarely
done in clinical practice [91]. Currently the data
on TgAb use for thyroid cancer management is
based on an initial treatment strategy of total
ablation, since insufficient ablation will hamper
both Tg and TgAb as tumour markers. For TgAb
the important issue is continued presence of auto-
antigens as long as remnant thyroid cells are still
present. In practice, while TgAb together with
the other thyroid autoantibodies generally
decrease after removal of the thyroid tissue by
total ablation [142], their disappearance is not
expected in other cases since autoimmunity will
be continuously stimulated by the presence of
thyroid autoantigens as well as by intrathyroidal
lymphocytes. Importantly, no clinical data are
currently available on the management of TgAb-
positive patients treated by either lobectomy
alone or thyroidectomy without radioiodine
ablation.

Conclusions

The post-surgical follow-up of DTC is aimed
at early identification of the small proportion
of patients who have residual disease or will
develop recurrence. In the absence of TgAb
and heterophilic antibodies, Tg measurements

are nowadays the reference standard for clini-
cal management of patients previously treated
for DTC. Even though the introduction of
high-sensitive Tg assays is not without chal-
lenges, there is an increasing body of evidence
that an undetectable highly sensitive Tg dur-
ing LT4 treatment is sufficient with a high
negative predictive value to forgo TSH stimu-
lation. In the presence of TgAb, it is possible
to follow the dynamic trend of TgAb them-
selves as surrogate markers. Robust data are
urgently needed to define the clinical role, the
interpretation criteria and the limitations of
these markers in the increasing number of
patients treated with lobectomy alone or total
thyroidectomy not followed by radioiodine
ablation. For the time being, the issue remains
largely unaddressed, and no clear-cut recom-
mendations for the clinical practice can be
delivered before well-designed, large and
multicentric studies addressing these issues
have been published.
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