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SUMMARY - The aim was to determine the diagnostic value of stimulated serum thyroglobulin
(sTg) for the follow-up of patients with differentiated thyroid cancer (DTC) and to evaluate whether
repeated sT'g measurement provides additional clinical benefit in detecting persistent or recurrent struc-
tural disease if the initial sTg was negative. The retrospective study included 388 consecutive patients
with DTC treated and followed-up between 2004 and 2018 at the Clinical Institute of Nuclear Medi-
cine and Radiation Protection, Osijek University Hospital. The negative predictive value (NPV) of the
first sTg measured 12 months after the initial treatment was compared with NPV of sTg measured
annually during 3 consecutive years of follow-up. The first sTg NPV was 99.5% in the group of low-
risk patients and 96.1% in the group of intermediate-risk patients. In both low- and intermediate-risk
groups, there were no differences between the first sTg NPV and NPV of sTg measured annually during
3 years of follow-up period. Repeated measurement of the sT'g after initially negative result had a limit-
ed clinical value for detecting persistent or recurrent structural disease and cannot be recommended in
routine follow-up of low- and intermediate-risk patients with DTC.
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localised cancers), i.e. low-risk patients (3). The latest
trends in the follow-up and long-term surveillance of

The incidence of differentiated thyroid cancer
(DTC) has significantly increased in the last several
decades (1). One of the reasons for such a trend is the
improvement of diagnostic tools, especially ultrasound
(2). The main clinical consequence of a widespread use
of neck ultrasound with fine-needle aspiration biop-
sy of small nodules is a growing number of patients
with the disease diagnosed at the early stages (small
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DTC patients are focused on adjusting the intensity
and type of diagnostic tests during follow-up to the
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assessed risk of disease recurrence. This implies more
frequent and more aggressive follow-up of DTC pa-
tients with high risk of disease recurrence and morta-
lity and less frequent and less intensive follow-up of
patients with low risk of disease recurrence. European
and international guidelines increasingly recommend
reducing the frequency or omitting certain diagnostic
tests during follow-up, given the growing proporti-
on of low-risk DTC patients (4-10). However, such
recommendations are still burdened by controversies
regarding the most efficient diagnostic tool for the
follow-up of DTC patients (11,12).

'The aim of this study was to evaluate the diagnostic
value of the initial stimulated serum thyroglobulin
(sTg) measured 12 months after the surgical treatment
and radioiodine ablation therapy in the assessment of
complete disease remission in DTC patients and to
compare the negative predictive value (NPV) of the
initially measured sTg and NPV of repeated sTg me-
asured over a minimum of 3 years of follow-up period
(including 3 consecutive sTg tests under TSH stimu-
lation).

In addition, NPV of sTg was analyzed for each
risk group of DTC patients. The main purpose of this
study was to determine if the repeated measurements
of sTg improve the efficiency of detection of recurrent
or persistent structural disease in the follow-up of

DTC patients.

Patients and methods

This was a retrospective study that included 388
patients with well-differentiated thyroid cancer who
were treated and followed-up at the Clinical Institute
of Nuclear Medicine and Radiation Protection, Osijek
University Hospital from 2004 to 2018 with a median
follow-up of 9 years (interquartile range: 6-12 years).
All DTC patients underwent an initial treatment that
included at least total thyroidectomy (with or without
neck dissection) followed by radioiodine I-131 ablati-
on therapy. Low-risk patients mostly received a dose
of 50 mCi I-131, whereas intermediate- and high-risk
patients mostly received a dose of 100 mCi I-131.The
standard procedure for all DTC patients consisted of
at least 3 periodically performed TSH-stimulation
tests. This procedure included measurement of sTg,
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diagnostic whole-body scan, and neck ultrasound
(with fine-needle aspiration biopsy of a suspicious
nodule). TSH stimulation for sTg measurement was
achieved by withdrawing thyroxine therapy for 4-5
weeks to reach the target value of TSH >30 mU/L
(13,14).

To be included in the study, patients had to have a
well-differentiated thyroid carcinoma (papillary, folli-
cular or Hiirthle cell carcinoma), undergo at least total
thyroidectomy, complete I-131 radioiodine ablation
therapy, and have at least 3 years of regular follow-
up, including at least 3 consecutive examinations and
TSH-stimulation tests (sTg, diagnostic whole-body
scan, and neck ultrasound). Patients with poorly-di-
fferentiated thyroid cancers and other subcategories
of thyroid cancer that do not represent a well-diffe-
rentiated thyroid cancer (medullary thyroid cancer,
anaplastic thyroid cancer, metastasis of some other
primary tumours, etc.), those whose surgical treatment
that did not include at least total thyroidectomy, pa-
tients who did not undergo I-131 radioiodine ablation
therapy, patients who were not regularly followed-up,
and patients who underwent less than 3 consecutive
examinations and TSH-stimulation tests were exclu-
ded from the study.

Patients were categorized in risk groups according
to the 2015 American Thyroid Association (ATA) cla-
ssification criteria (10). Based on the data on their cli-
nical outcomes, all DTC patients were classified into
the following categories: patients with recurrent or
persistent structural disease, patients with biochemical
disease, patients with no evidence of disease (NED),
and patients with indeterminate response to the initial
therapy. Patients with biochemical disease were defi-
ned as having either thyroglobulinemia (sTg >2 ng/
mL) or subsequent increase in thyroglobulin antibody
levels with no evidence of recurrent or persistent stru-
ctural disease.

Measurement of serum thyroglobulin

In the study period, different immunometric assays
were used for thyroglobulin measurement. All the
assays had high sensitivity (minimum functional sen-
sitivity <0.9 ng/mL) and lower limit of detection of
at least 0.2 ng/mL. In addition, thyroglobulin assays
were standardized against the certified reference ma-

terial for human Tg (CRM 457) (15). The result of
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stimulated Tg test was negative if Tg <1 ng/mL (un-
detectable or very low Tg) and positive if Tg 22 ng/
mL. A stimulated Tg value between 1 and 2 ng/mL
was considered a limit value indicating a non-specific
test result. Patients with initially high levels of thyro-
globulin antibodies (TgAb), the presence of which
interferes with thyroglobulin measurements, were
excluded from the study.

Statistical analysis

The validity of sTg as a diagnostic test was assessed
by determining its sensitivity, specificity, positive pre-
dictive value, and negative predictive value. Nominal
indicators were presented as frequency distribution for
each group and ratio. To determine proportion diffe-
rences between two independent causes or between
three or more independent causes, y*-test was used.
The values of p<0.05 were considered statistically
significant. Statistical analysis was performed with
statistical software MedCalc ver. 18.11.3 (MedCalc
Software, Ostend, Belgium).

Results

Low-risk DTC patients accounted for 68.8%
(n=267) of all DTC patients. In the group of low-risk
patients, the risk of recurrent or persistent structural
disease after the initial treatment was 3% (8/267).
In patients with no evidence of disease during 12
months after the initial treatment (including the first
TSH-stimulation tests — sTg, diagnostic whole-body
scan, and neck ultrasound), the risk of recurrent or
persistent structural disease was only 0.6% (1/177) in
the group of low-risk patients. In the group of inter-
mediate-risk DTC patients, who accounted for 24%
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(n=93) of all DTC patients, the risk of recurrent or
persistent structural disease after the initial treatment
was 14% (13/93). In patients with no evidence of
disease during 12 months after the initial treatment
(including the first TSH stimulation tests — sTg, dia-
gnostic whole-body scan, and neck ultrasound), the
risk of recurrent or persistent structural disease was
2.1% (1/48) in the group of intermediate-risk pa-
tients. In the group of high-risk DTC patients, who
accounted for 7.2% (n=28) of all DTC patients, the
risk of recurrent or persistent structural disease after
the initial treatment was 78.6% (22/28). In patients
with no evidence of disease during 12 months after
the initial treatment (including the first TSH-stimu-
lation tests — sTg, diagnostic whole-body scan, and
neck ultrasound), the risk of recurrent or persistent
structural disease amounted to 33.3% (1/3) in the
group of high-risk patients.

With respect to clinical outcomes, there was a sta-
tistically significant difference in the distribution of
structural recurrences between the ATA risk groups
(p<0.001) (Table 1).

The proportion of recurrent or persistent structu-
ral disease was the highest in the group of high-risk
patients (78.6%), followed by the group of intermedia-
te-risk patients (14%) and low-risk patients (3%). The
analysis of paired patient groups (ATA risk groups)
showed a statistically significant difference in the dis-
tribution of structural recurrences between high-risk
and intermediate-risk patients, high-risk and low-risk
patients, and intermediate-risk and low-risk patients
(p<0.001 for all).

There was no statistically significant difference in
the distribution of biochemical disease between diffe-
rent risk groups (p=0.226). The highest proportion of
biochemical disease was 17.2% (n=16), found in the

Tuble 1. Distribution of recurrent or persistent structural disease according to American Thyroid Association (ATA) risk

groups of patients with differentiated thyroid cancer

Structural No. of patients
recurrent/persistent A ) ] . P
disease low-risk intermediate-risk | high-risk total pP*
Yes 8 13 22 43
<0.0001
No 259 80 6 345
Total 267 93 28 388
*X2 test
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Table 2. Distribution of biochemical disease according to American Thyroid Association (ATA) risk groups of patients

with differentiated thyroid cancer

No. of patients
Biochemical disease

low-risk intermediate-risk | high-risk total P*
Yes 28 16 3 47

0.226
No 239 77 25 341
Total 267 93 28 388
*X2 test

intermediate-risk group, followed by 10.7% (n=3) in
the high-risk group and 10.5% (n=28) in the low-risk
group (Table 2).

Stimulated serum thyroglobulin

'The diagnostic value of sTg for detecting recurrent
or persistent structural disease was assessed in 339 pa-
tients (Table 3), after excluding 49 patients (30 with
positive TgAb measured 12 months after the initial
treatment and 19 with sTg value between 1 and 2 ng/
mL, i.e. with indeterminate response to the initial tre-
atment).

Table 3. Recurrent or persistent structural disease in
339 patients with differentiated thyroid cancer and the
Jferst stimulated serum thyroglobulin (sTg) measured 12
months after the initial treatment

Recurrent/persistent . i
structural disease sTg(+) sTg ()t
Yes 39 4

No 44 252

* (+) positive test result: sTg 22 ng/mL
T (-) negative test result: sTg <1 ng/mL

In DTC patients, the sensitivity and specificity of
sTg measured 12 months after initial treatment were
90.7% and 85.1%, respectively. Negative predictive
value (NPV) of sTg was 98.4%, i.e. only 4 of 256
patients with a negative result of the first sT'g test de-
veloped a clear recurrent structural disease during the

follow-up period. Positive predictive value (PPV) of
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sTg measured 12 months after initial treatment was
47%. NPV of the first TSH-stimulated Tg in DTC
patients and repeated TSH-stimulated Tg measure-
ments over a minimum of 3-year follow-up period
(including 3 consecutive sTg tests) was 98.4%. There
were only two patients with subsequent positive thyro-
globulin antibody test result (recurrent biochemical
disease). In the group of low-risk patients, NPV of
the first TSH-stimulated Tg measured 12 months
after the initial treatment was 99.5%. In this group of
patients, the sensitivity and specificity of sTg measu-
red 12 months after the initial treatment were 87.5%
and 88.5%, respectively, and PPV was 21.2%. In the
group of intermediate-risk patients, NPV of the first
TSH-stimulated Tg measured 12 months after the
initial treatment was 96.1%. In this group of patients,
the sensitivity and specificity of sTg measured 12
months after the initial treatment were 84.6% and
76.6%, respectively, and PPV was 42.3%. In the group
of high-risk patients, NPV of the first TSH-stimula-
ted Tg measured 12 months after the initial treatment
was 66.7%. In this group of patients, the sensitivity
and specificity of sTg measured 12 months after the
initial treatment were 95.5% and 40%, respectively,

and PPV was 87.5%.

Discussion

Our study results confirmed the high sensitivity of
the first TSH-stimulated Tg measured 12 months after
the initial treatment for detecting recurrent or persi-
stent structural disease during the follow-up of patients
with differentiated thyroid cancer (16-23). In addition,
the first TSH-stimulated Tg measured 12 months after
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the initial treatment had a very high NPV for detecting
structural recurrent or persistent disease.

The first measurement of stimulated Tg yielded
false negative test results in four patients. In two of
these four patients, recurrent structural disease was
detected on neck ultrasound with fine-needle aspi-
ration. NPV of TSH-stimulated Tg in combination
with neck ultrasound with fine-needle aspiration was
as high as 99.3%. The other two patients with recu-
rrent structural disease, which had not been detected
by TSH-stimulated Tg (false negative sTg), exhibited
clear signs of dedifferentiation of thyroid cancer with
a particularly aggressive clinical course. The research
found that PPV of the first TSH-stimulated Tg is
relatively low. The main reason for this is the high
ratio (12.1%) of patients with thyroglobulinemia
(sTg >2 ng/mL) without clear morphological signs of
recurrent structural disease during further follow-up
period (biochemical disease). Furthermore, our results
showed that, in the group of low- and intermedia-
te-risk patients, there was no difference between the
number of detected structural recurrences based on
the first sTg measurement and successive multiple sT'g
measurements. This means that repeated measurement
of stimulated Tg was not diagnostically useful when
the first sTg was negative. This study confirmed that
negative findings of all diagnostic tests at the first
postoperative examination (12 months after the initial
treatment) were highly predictive of positive outcomes,
with low risk of structural recurrence in the group of
low- and intermediate-risk DTC patients (24-26). In
the group of low- and intermediate-risk patients with
excellent response to the initial treatment, there were
only two patients with biochemically recurrent disease,
i.e. subsequent increase in the thyroglobulin antibody
levels. The very high NPV value of the first TSH-sti-
mulated Tg (99.5% in the group of low-risk and 96.1%
in the group of intermediate-risk patients) implies a
high degree of reliability when deciding either to use
it less frequently or to omit it completely during the
follow-up of patients with negative sTg. Also, all pa-
tients with positive sTg and high-risk patients should
be additionally monitored and subject to a procedure
for detecting possible structural signs of the recurrent
or persistent disease.

In conclusion, our study showed that repeated
measurement of TSH-stimulated Tg after the initially
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negative result had a limited clinical value for detecting
recurrent or persistent structural disease. Therefore,
repeated TSH-stimulated Tg measurement cannot be
recommended for routine follow-up in the group of
low- and intermediate-risk DTC patients.
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Sazetak

DIJAGNOSTICKA VRIJEDNOST STIMULIRAJUCEG SERUMSKOG TIREOGLOBULINA U PRACENJU
BOLESNIKA S DIFERENCIRANIM KARCINOMOM STITNJACE

V. Wagenhofer, I. Mibaljevic, T Kralj, D. Vrdoljak i T. Kizivat

Cilj ovoga istrazivanja bio je ocijeniti dijagnosticku vrijednost stimulirajuéega serumskog tireoglobulina (sTg) tijekom
pracenja bolesnika s diferenciranim karcinomom stitnjace (DTC) i utvrditi hoce li ponovno mjerenje sTg-a nakon urednoga
prvog nalaza pokazati klinicku korist u otkrivanju strukturnih recidiva bolesti tijekom pracenja bolesnika s DTC-om.
Usporedena je negativna prediktivna vrijednost (NPV) prvoga sTg-a izmjerenoga godinu dana nakon inicijalnog lije¢enja
te nakon minimalno tri godine ponavljanja tog dijagnostickog testa. Ispitivanje je obuhvatilo 388 bolesnika s DTC-om
lijecenih i kontroliranih u Klini¢kom zavodu za nuklearnu medicinu Klini¢kog bolni¢kog centra Osijek od 2004. do 2018.
godine. NPV prvog izmjerenog sTg-a (godinu dana nakon inicijalnog lijecenja) u otkrivanju strukturnog recidiva bolesti u
skupini niskorizi¢nih bolesnika iznosila je 99,5 %, a u skupini srednjerizi¢nih bolesnika 96,1 %. U te dvije skupine bolesnika s
DTC-om nije utvrdena razlika u vrijednosti NPV-a prvoga sTig-a i NPV-a sTg-a nakon visegodisnjega testiranja u uvjetima
TSH stimulacije tijekom minimalno 3 godine pracenja oboljelih. Ponavljanje mjerenja sTg-a nakon urednog prvog nalaza
izmjerenog godinu dana nakon kirurskog lije¢enja i radiojodne ablacijske terapije ima ogranicenu klini¢ku korist u otkrivanju
strukturnih recidiva bolesti i ne preporucuje se za rutinsko izvodenje tijekom pracenja niskorizi¢nih i srednjerizi¢nih bolesnika

s DTC-om.

Kljuéne rijeci: Karcinomi Stitnjace; Procjena rizika; Tireoglobulin
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