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Simple Summary

In this study, we investigated the validity of a blood test to predict thyroid cancer presence
and aggressiveness. The blood test measures antibodies raised against a thyroid protein,
thyroglobulin. The results suggest that testing for the presence of thyroglobulin antibodies
predicts the likelihood of metastasis to lymph nodes, a feature of cancer aggressiveness.

Abstract

Introduction: Thyroglobulin antibodies (Tg-Abs) are often thought to be associated with
thyroid autoimmunity, and as such, a link with thyroid cancer has been found in some, but
not all, studies. Tg-Abs are also found in non-autoimmune thyroid-follicular destruction.
Given these contradictory results, we designed the present study. Methods: We reviewed
data from patients undergoing thyroidectomy for different indications in multiple centers
across Greece and the US over 10 years. We compared the incidence of thyroid cancer
and its features of tumor aggressiveness among patients with positive (>30 IU/mL) and
negative (<30 IU/mL) Tg-Abs titers and the Tg-Abs titers among patients with cancer,
benign disease, and those with and without features of tumor aggressiveness. Further-
more, we performed multivariate and multiple regression analyses to identify if these
effects were independently statistically significant. Results: We reviewed n = 9463 con-
secutive thyroidectomies and included n = 2873 subjects in the present work: n = 1537
with thyroid cancer and n = 1336 with benign disease. The incidence of thyroid cancer
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was significantly higher in preoperative Tg-Abs+ subjects, n = 273/638 (57.2%), compared
with Tg-Abs— subjects, n = 1063/2235 (52.4%), OR 1.21, p < 0.05. Tumor size was larger,
and capsular invasion and lymph node involvement were significantly more common in
Tg-Abs+ subjects. Mean Tg-Abs were higher in subjects with tumors with extrathyroidal
extension, capsular invasion, and lymph node involvement. On regression, Tg-Abs posi-
tivity was not associated with thyroid cancer incidence or aggressiveness, though, with
the important exception of lymph node involvement (p < 0.001). Conclusions: Elevated
preoperative thyroglobulin-antibody titers do not seem to affect the likelihood of develop-
ing thyroid cancer, even though they seem to be a surrogate for lymph node metastasis (as
opposed to thyroid peroxidase antibodies, TPO-Abs). Further work is needed to clarify the
interplay of this immune response on thyroid cancer metastatic behavior.

Keywords: thyroid cancer; autoimmunity; thyroglobulin antibodies

1. Introduction

Thyroid cancer incidence was rising constantly for many years [1], until a plateau was
recently reached [2]. This trend was attributed to the rapidly increasing use of point-of-care
ultrasound and the enhanced detection of potentially indolent tumors [3], even though
that rise was evident in tumors of all stages [1]. At the same time, a rise in thyroid
autoimmunity has been observed [4], leading to a question on the potential association
between autoimmunity prevalence and thyroid cancer. In fact, studies published as early
as the 1950s implied that there is a link between these two conditions, based on data from
surgical series [5]. Over the years, multiple studies evaluated that link, including several
from our group [6], and noted that papillary thyroid cancer frequently coexisted with what
appears to be a chronic form of lymphocytic thyroiditis. The largest effect was seen in
patients who were euthyroid prior to their surgery, and especially those with none or low
thyroid peroxidase (TPO) antibody titers [6,7]. This association is believed to represent
a tumor evasion of the immune system strategy, given the potent cytotoxic responses
produced by TPO in the thyroid microenvironment [7].

On the other hand, thyroglobulin antibodies (Tg-Abs) are often described as another
marker of thyroid autoimmunity, but they seem less able to promote cytotoxicity [8] or
lead to an equally significant thyroid failure when TPO antibodies are not concurrently
elevated [9]. Despite that, multiple studies found a link between Tg-Abs and thyroid
cancer [10], in addition to their well-established role as a post-operative tumor marker,
where serum thyroglobulin measurement alone could be deceiving [11]. Some studies even
suggest a role of Tg-Abs in predicting thyroid cancer aggressiveness [12], while others
argue against it [2]. Our clinical observations tend to contradict the findings of most of
these studies, since we seem to find that Tg-Abs do not predict the development of thyroid
cancer or its aggressiveness. Therefore, we designed the present study to characterize
any effect.

2. Materials and Methods

Our thyroid clinics, located in Greece and the US, are busy referral points where
physicians provide comprehensive care for their patients with thyroid nodules. In these
clinics, all agreeable patients are registered in prospectively collected registries, where
clinical, laboratory, imaging, cytological, pathological, and treatment data are routinely
recorded. In addition, patients who continue their follow-up in our outpatient clinics have
data on tumor recurrence recorded as well.
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For the present work, we retrieved data of patients undergoing thyroidectomy over
10 years from the University of Wisconsin Hospital Thyroid Multidisciplinary Clinic in
Madison, WI; the Center of Excellence in Endocrine Surgery of the Euroclinic Hospital
in Athens, Greece; the Division of ENT Surgery of the University of Patras, Greece; and
10 Hellenic Endocrine Network Endocrinology clinics scattered all over Greece. We in-
cluded data from adult patients with a measurement of serum thyroglobulin antibodies
within 3 months prior to the date of surgery. We excluded patients with no such measure-
ments, as well as those with inadequate pathological data, those with a history of neck irra-
diation or exposure to ionizing radiation, those with mutations known to be directly related
to thyroid cancer development (RET, RAS, pTEN, etc.), those with prior thyroid surgery,
and those with cancers arising from cells other than follicular thyroid cells (medullary
thyroid cancers, squamous cell carcinomas, lymphomas, metastatic/other cancers).

We collected data retrospectively on patients’ gender, age at surgery, preoperative
Tg-Abs titers, TSH (when available), history of use of medications affecting the thyroid
function (thyroid hormone supplementation/replacement or antithyroid medications), and
surgical pathology. Both Tg-Abs and TSH were measured with commercially available
radioimmunoassays at each study site.

Our subjects are grouped into two groups, based on their Tg-Abs titers: those with pos-
itive titers (Tg-Abs+), when Tg-Abs > 30 IU/mL, and those with negative titers (Tg-Abs—),
when Tg-Abs < 30 IU/mL. Our primary outcome is the difference in the incidence of
thyroid cancer and the features of tumor aggressiveness between these two groups. Our
secondary outcomes consist of [1] the difference in mean Tg-Abs concentration between
subjects with benign and those with malignant disease, as well as [2] the difference in
Tg-Abs concentration between subjects with thyroid cancer and features of tumor aggres-
siveness and those without these findings. Our tertiary outcome is the characterization of
the potential independent role of high Tg-Abs in the incidence of thyroid cancer and its
features of tumor aggressiveness.

Statistical analysis and graph generation were performed with GraphPad Prism v5.0
(GraphPad Software, Boston, MA, USA) and STATA v18.0 (StataCorp LLC, College Station,
TX, USA). Categorical variables were compared with Fisher’s exact test or the x> test.
Continuous variables were assessed for normality with the Kolmogorov—Smirnov test.
When normality was not present, the data were log transformed, and normality was re-
assessed. If the data did not follow the normal distribution either way, the non-parametric
Kruskal-Wallis and Mann-Whitney tests were used, while the ¢-test and 1-way ANOVA
were used for data following the normal distribution. For the tertiary outcome, multivariate
and multiple logistic regression analyses were performed, and the coefficient B, standard
error, z, p value, odds ratio, and 95% confidence intervals were calculated. In all analyses,
p values < 0.05 were deemed significant.

3. Results

We reviewed n = 9463 consecutive thyroidectomies: n = 4277 subjects with thyroid
cancer and n = 5186 subjects with benign histology. Out of these, we excluded n = 32 subjects
with mutations that are known to directly produce thyroid cancers (see METHODS), n = 117
with prior thyroid surgery, n = 8 with a history of neck irradiation, and 6433 subjects who
had no Tg-Abs measurements available in the last 3 months, prior to their thyroidectomy

surgery. We ended up including in the present analysis n = 2873 subjects with complete
data: n = 1537 with thyroid cancer and n = 1336 with benign disease. Out of these, n = 745
cases were recruited in the US (University of Wisconsin Hospital and Clinics, Madison, WI,
USA) and n = 2128 in Greece (n = 1340 at the Euroclinic Hospital, Athens, Greece; n = 25 at
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the University of Patras Hospital ENT Department, Patras, Greece; and n = 763 at various
Hellenic Endocrine Network referral centers).

3.1. Primary Outcome

The baseline characteristics of our population, including the two subgroups, along
with their comparisons, are presented in Table 1. Overall, cancers were of the following
histology: papillary thyroid cancer (PTC), n = 1494 (97.3%); follicular thyroid cancer (FTC),
n = 35 (2.3%); anaplastic thyroid cancer (ATC), n = 1 (0.05%); and poorly differentiated
thyroid cancer (PDTC), n = 7 (0.45%). Thyroid cancer incidence and the features of tumor
aggressiveness and their comparisons are presented in Table 2 and depicted in Figure 1. In
brief, thyroid cancer incidence was significantly higher in subjects with positive Tg-Abs
titers, as were the rates of capsular invasion and lymph node involvement and the mean
tumor size, compared to subjects with negative Tg-Abs.

Table 1. Baseline characteristics of the study population and comparison between those with positive
and negative Tg-Abs.

Entire Tg-Abs+ Tg-Abs-

Population >30 IU/mL <30 IU/mL p Value
Males n (%) 750 (26.1%) 140 219%)  610(27.3%) oo
Females n (%) 2123 (73.9%) 498 (78.1%) 1625 (72.7%)
Age, mean (SD) 47.0 (14.5) 45.7 (14.8) 47.4 (14.4) 0.019
TSH, mean (SD) 2.11 (5.09) 2.36 (4.31) 2.04 (5.29) 0.001
TSPII;:aE‘;‘S‘B‘;‘erS' 2.14 (5.21) 235(323)  203(546)  <0.0001
LT4 n (%) 585 (20.4) 220 (34.5) 365 (16.3)
AT n (%) 124 (4.3) 46 (7.2) 78 (3.5) <0.0001
NONE n (%) 2164 (75.3) 372 (58.3) 1792 (80.2)

Tg-Abs titer, mean (SD)  96.0 (614.6)  369.2 (1162.6) 8.7 (8.0) <0.0001

Legend: SD: standard deviation; non-users: subjects who were not receiving any medication affecting thyroid
hormone concentrations prior to thyroid surgery; LT4: number of subjects receiving thyroid hormone supple-
mentation/replacement therapy; AT: number of subjects receiving antithyroid medications; NONE: number of
subjects not on any thyroid function-related treatment.

Table 2. Thyroid cancer incidence and features of tumor aggressiveness in the entire study population
and each subgroup, along with their comparisons.

Entire Tg-Abs+ Tg-Abs- Value Odds Ratio
Population (n) >30 IU/mL <30 IU/mL P (95% CI)
. 273/638 1063/2235
o,
Benign n (%) 1336 (42.8%) (47.6%) o1
c ) 537 365/638 1172/2235 0037 (1.02-1.45)
ancern (/o (57.2%) (52.4%)
. 359/365 1135/1172 0.51
PTCn (%) 1494/1537 (98.4%) (96.8%) 015 (0.21-1.23)
5/365 30/1172 0.53
o,
FICn (%) 35/1587 (1.4%) (2.6%) 0.23 (0.20-1.37)
ATC/PDTC 1/365 7/1172 0.46
n (%) 8/1537 (0.3%) (0.6%) 0.69 (0.06-3.73)
. 97/365 289/1172 111
ETEn (%) 386/1537 (26.6%) (24.7%) 049 (0.85-1.45)
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Entire Tg-Abs+ Tg-Abs- Value Odds Ratio
Population (n) >30 IU/mL <30 IU/mL P (95% CI)
o 160/365 445/1172 1.28
CIn (%) 605/1537 (43.8%) (38.0%) 0.0496 (1.01-1.62)
o 133/365 288/1172 1.76
LNs n (%) 421/1537 (36.4%) (24.6%) <0.0001 (1.37-2.26)
6/365 17/1172 1.14
0,
METs n (%) 23/1537 (1.6%) (1.5%) 0.81 (0.44-2.90)
Tumor size (cm)
Mean (SD) 1.5 (2.0 1.8 (2.7) 1.4 (1.7) 0.006
Tumor foci
Mean (SD) 1.8 (1.9) 1.9 (1.6) 1.8 (1.9) 0.09
Multifocal 580/1537 147/365 433/1172 027 1.15
n (%) (37.7%) (40.3%) (36.9%) ’ (0.90-1.46)
Macrocarcinoma 787/1537 202/365 585/1172 0.08 1.24
n (%) (51.2%) (55.3%) (49.9%) ’ (0.97-1.56)

Legend: PTC: papillary thyroid cancer; FTC: follicular thyroid cancer; ATC: anaplastic thyroid cancer; PDTC:
poorly differentiated thyroid cancer; ETE: extrathyroidal extension; CI: capsular invasion; LNs: lymph node
involvement; METs: distant metastasis; SD: standard deviation. The percentage rates of the histological types of
cancers and the aggressive features refer to the total number of cancers of the group.

Extrathyroidal extension
30 50 4

Capsular invasion

Tumor multifocality

Lymph nodes involvement Distant metastasis

Figure 1. Positive thyroglobulin antibody titers (red bars) vs. negative (green bars). From left to right
(top panel) cancer inci-dence; extrathyroidal extension; capsular invasion; (bottom panel) tumor
multifocality; lymph node involvement; and distant metastasis. Asterisks indicate degrees of
statistical significance.

3.2. Secondary Outcomes

In our secondary analysis, we compared the Tg-Abs titers between patients’ groups
with thyroid cancer and those with benign histology, as well as those with features of
tumor aggressiveness and those without; the results are presented in Table 3 and de-
picted in Figure 2. In brief, subjects with thyroid cancer had lower Tg-Abs titers com-
pared to those with benign disease, while subjects with extrathyroidal extension, cap-
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IU/mL

IU/mL
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sular invasion, and lymph node metastasis had higher Tg-Abs titers compared to those
who did not have these features. The mean Tg-Abs titers were significantly higher in
subjects with macrocarcinomas (i.e., tumors > 1 cm in largest diameter) compared to
those measured in subjects with microcarcinomas (i.e., tumors < 1 cm in largest diameter)
(328.3 £ 1949.8 IU/mL vs. 61.6 = 260.7 IU/mL, p < 0.0001).

B

1504-- cemmmmmmneeeen.

1004

50+

150-1--

100--

50+
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(@) R &‘b é‘b
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Figure 2. High (positive) Tg-Abs titers (>30 IU/mL) vs. low (negative) Tg-Abs titers (<30 IU/mL)
in (A) benign (BEN) and ma-lignant (CANCER) thyroid tumor subjects; (B) thyroid cancer subjects
without (NO ETE) or with (ETE) extratyroidal extension; (C) without (NO CI) or with (CI) capsular
invasion; and (D) without (NO LNs) or with (LNs) lymph node metastasis. Asterisks indicate degrees
of statistical significance.

Table 3. Mean Tg-Abs (IU/mL) titers in different subjects” subgroups and their comparisons.

Presence of Feature Absence of Feature p Value
Thyroid Cancer
Mean (SD) 77.2(318.0)
Benign Histol 0.0001
enlgn 1sto ogy
Mean (SD) 101.2 (757.7)
PTC
Mean (SD) 79.0 (323.0)
FTC
0.11
Mean (SD) 20.2 (54.5) .
ATC/PDTC
Mean (SD) 17.8 (18.5)
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Table 3. Cont.

Presence of Feature Absence of Feature p Value
Mef: ](ESD) 103.0 (443.4) 69.4 (268.7) 0.02
Meail(s])) 92.9 (401.3) 66.9 (248.4) 0.0004
Mexh (5D) 97.5 (367.8) 69.4 (477.9) 0.002
ooy 58.2 (180.5) 88.8 (377.9) 0.89
Mi\:f (T;D) 264.5 (650.8) 74.3 (309.5) 0.23

Legend: PTC: papillary thyroid cancer; FTC: follicular thyroid cancer; ATC: anaplastic thyroid cancer;
PDTC: poorly differentiated thyroid cancer; ETE: extrathyroidal extension; CI: capsular invasion; LNs: lymph
node involvement; METs: distant metastasis; SD: standard deviation.

3.3. Tertiary Outcomes

Our logistic regression analysis consisted of three steps: in the first step, we examined
the influence of Tg-Abs as an independent predictor of thyroid cancer. The analysis showed
that the univariate model was borderline insignificant (x*(1) = 3.7, p = 0.053); the coefficient
b was 0.2, indicating that if Tg-Abs are high (>30 IU/mL), the probability of identifying
cancer by surgical pathology increases insignificantly. The odds ratio of 0.8 means that
the odds of identifying cancer by surgical pathology are 0.8 times as likely when Tg-Abs
are high.

The second step assessed the effect of high Tg-Abs titers on the risk for thyroid cancer
in a multivariate model, including as cofactors the subjects’ age, gender, country of origin,
preoperative TSH, and the preoperative use of thyroxine, antithyroid medications, or the
absence of treatment. This model was highly significant overall, with preoperative use
of thyroxine and male gender being positively associated with the risk for cancer, and
advanced age and the use of antithyroid medications being negatively associated with this
outcome, but Tg-Abs were not independently associated with it (Table 4).

Table 4. Multivariate logistic regression analysis estimating the effect of high Tg-Abs titers on the risk
for thyroid cancer.

Variable Coefficient Std. Error Wald p Value
Age —0.03 0.003 72.56 <0.0001
Country = USA —0.27 0.16 2.76 0.097
Male gender 0.22 0/10 4.54 0.0331
Preop Rx = AT —0.74 0.21 12.64 0.0004
Preop Rx = LT4 0.43 0.11 15.83 0.0001
Preoperative TSH 0.01 0.01 1.01 0.31
High Tg-Abs 0.11 0.11 0.99 0.32
Constant 1.46 0.17 72.54 <0.0001

Legend: Country of origin of the subjects; Rx: preoperative treatment with medications affecting thyroid function;
LT4: levothyroxine; AT: antithyroid medications; High Tg-Abs: Tg-Abs titers > 30 IU/mL.

The third step assessed the effects of high Tg-Abs titers with features of tumor ag-

gressiveness, such as tumor size, extrathyroidal extension, capsular invasion, lymph node
involvement, and distant metastasis in multivariate analyses. The results are presented in
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Table 5. In brief, high Tg-Abs titers were not associated with any of these parameters, with
the notable exception of lymph node involvement, where a strong, statistically significant

association was found.

Table 5. Multivariate analyses results on the effects of high Tg-Abs titers on the features of thyroid
cancer tumor aggressiveness. All analyses are multivariate logistic regression analyses, including as
cofactors the subjects” age, gender, country of surgery, TSH, and use of medications affecting thyroid
hormone concentrations.

Variables Coefficient Standard Error p Value
Tumor size -0.2 0.6 0.75
ETE 0.2 0.2 0.21
CI 0.1 0.1 0.67
LNs 0.6 0.1 <0.001
METs 0.5 0.5 0.37

Legend: ETE: extrathyroidal extension; CI: capsular invasion; LNs: lymph node involvement; METs: distant metastasis.

3.4. Ad Hoc Analysis of Macrocarcinomas Alone

An ad hoc analysis was performed after excluding all subjects with thyroid microcar-
cinomas (i.e., tumors < 1 cm in largest diameter, n = 750), leaving n = 787 subjects with
thyroid macrocarcinomas (i.e., tumors > 1 cm in largest diameter): Tg-Abs+ n = 202 and
Tg-Abs— n = 585. In this analysis, thyroid cancer incidence was statistically significantly
higher in Tg-Abs+ subjects as compared to Tg-Abs— subjects [42.5% (202/475) vs. 35.5%
(585/1648), odds ratio 1.35, 95% confidence interval 1.09-1.66, x> p = 0.005]. Extrathyroidal
extension (Tg-Abs+ n = 64/202, 31.7% vs. Tg-Abs— n = 153/585, 26.2%, p = 0.28), capsular
invasion (Tg-Abs+ n = 99/202, 49.0% vs. Tg-Abs— n = 248/585, 42.4%, p = 0.10), mean
number of tumor foci (Tg-Abs+ 1.9 £ 1.3 vs. Tg-Abs— 1.9 £ 1.7, p = 0.32), multifocal tumors
incidence (Tg-Abs+ n =102/202, 50.5% vs. Tg-Abs— n =270/585, 46.1%, p = 0.29) or distant
metastasis (Tg-Abs+ n = 6/202, 3.0% vs. Tg-Abs— n = 13/585, 2.2%, p = 0.60) were not
significantly different among the two groups. Lymph node involvement, however, was
significantly more frequent in tumors arising in Tg-Abs+ subjects (Tg-Abs+ n = 87/202,
43.1% vs. Tg-Abs— n = 167/585, 28.5%, odds ratio 1.89, 95% confidence interval 1.36-2.64,
p = 0.0002). Mean tumor size was significantly larger in Tg-Abs+ subjects (1.8 &= 1.0 cm) as
compared to Tg-Abs— subjects (2.0 & 1.2 cm), p = 0.025 as well.

3.5. Ad Hoc Analysis Using Higher Thyroglobulin Antibodies Titer Cutoff

Since some studies have used a different cutoff of 60 IU/mL to separate Tg-Abs neg-
ativity (Tg-Abs— < 60 IU/mL) and Tg-Abs positivity (Tg-Abs+ > 60 IU/mL), another ad
hoc analysis was performed using that cutoff in order to allow for the use of this dataset in
future meta-analyses. In that analysis, the results were similar, since thyroid cancer inci-
dence was higher in Tg-Abs+ subjects, n = 261/437 (59.7%), compared to Tg-Abs— subjects,
n = 1276/2436 (52.4%) (odds ratio 1.35, 95% confidence interval 1.10-1.66, p = 0.005).

4. Discussion

Thyroid autoimmunity in the form of chronic lymphocytic thyroiditis has been linked
to follicular-cell-derived thyroid cancers in surgical series, with multiple studies showing
a strong association between these two entities [6,13]. Humoral autoimmune responses
manifest themselves in the form of a high titer of thyroid autoantibodies, namely thyroid
peroxidase antibodies and thyroglobulin antibodies. The first are mediators of categorical
autoimmune humoral responses associated with thyroid parenchymal destruction, thereby
leading to hypothyroidism and elimination of follicular cells [9]. In a cohort study from
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our group, high TPO titers were found to protect from thyroid cancer in an inverse linear
relationship between their titers and thyroid cancer risk [7], while in a more recent study, we
found that aggressive tumors tend to develop in those patients without any TPO antibodies
in their serum ([14] and Part 2). Other studies from the Western world reported similar
results, while multiple studies from China contradicted these findings [15].

On the other hand, thyroglobulin antibodies (Tg-Abs), although reportedly linked
to an autoimmune response, are more rarely associated with hypothyroidism than TPO
antibodies [16]. These antibody titers also seem related to the presence of follicular-cell
derived thyroid cancers, especially papillary thyroid cancer (PTC), in several [17-21] but
not all studies [22]. Out of these, two large retrospective studies from China found an
independent association between elevated Tg-Abs titers and thyroid cancer in multivariate
logistic regression analysis [17,19], even though rising titers did not produce stronger
effects [19]. On the contrary, this association was no longer significant when TSH was
accounted for in another Chinese study including 1400 patients that underwent thyroidec-
tomy [20]. Some other studies claim that there is a correlation between Tg-Abs titers and
features of tumor aggressiveness as well [12]. Specifically, Tg-Abs titers > 1150 IU/mL
were linked to central lymph node metastasis in a multivariate analysis from a study of 214
patients with papillary thyroid cancer also from China [23]. Lymphatic invasion and lateral
lymph node metastasis were found more commonly in patients with positive Tg-Abs in a
study of 1171 patients with differentiated thyroid cancer from Korea as well [12], although
some degree of bias could be present, since more lymph nodes were dissected in the Tg-Abs
positive group in that study. Another study from China, including 2926 patients with PTC,
suggested that higher Tg-Abs titers predict more indolent disease in the form of lower
likelihood of extrathyroidal extension, and when combined with high TPO titers, lower
incidence of central lymph node metastasis [17]. In concordance with these findings, an
older study from Australia, including data from 1770 patients with differentiated thyroid
cancer, found that Tg-Abs did not affect tumor aggressiveness or disease-related outcomes,
such as overall or disease-free survival in multivariate analysis [24]. Additionally, patients
with benign cytology by FNA who were operated on with total thyroidectomy were found
to harbor thyroid cancers more frequently when thyroid autoantibodies (TPO and/or
Tg-Abs titers) were elevated [25]. This association could be due to the effects of chronic
lymphocytic thyroiditis inducing tumorigenesis of small, more commonly multifocal, but
less aggressive thyroid tumors overall [26].

Our study is in agreement with most of these works regarding the effect of elevated
Tg-Abs titers on thyroid cancer incidence when that effect is estimated in a univariate fashion,
claiming that titers higher than 30 IU/mL raise the risk for thyroid cancer (Table 2). This
was also evident in the ad hoc analyses, when macrocarcinomas only were assessed, as well
as when using a higher cutoff of 60 IU/mL of Tg-Abs titers. This does not seem to happen,
though, when a comprehensive multivariate model is used, where gender, age, country
of origin, use of thyroid hormone affecting medications, and preoperative serum TSH are
all accounted for (Table 4). It is impressive to see, though, the strong positive effects of
younger age, male gender, and use of thyroxine supplements, in that risk, as well as the
protective effects of the use of antithyroid medications, which are an indirect marker of
preoperative hyperthyroidism (Table 4), proving that our results are in concordance with
global literature overall.

Furthermore, our study found higher Tg-Abs titers in patients harboring tumors with
extrathyroidal extension, capsular invasion, or lymph node involvement, as compared
to those without these features, while the univariate analysis identified a statistically
significant effect with regard to capsular invasion, tumor size, and lymph node involvement
as well (Table 3). Even though these findings are in agreement with some of the previously
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mentioned studies, the multivariate regression analysis failed to confirm these associations,
with the notable exception of the presence of lymph node involvement (Table 5).

The cancer immunoediting hypothesis [27] suggests that “escape” mechanisms enable
metastatic cancer cells (in our case, follicular thyroid cancer cells) to migrate to draining
lymph nodes. It is well established [28] that thyroglobulin antibodies (Tg-Abs) are not
produced within the thyroid gland itself but arise from B cells in lymphoid tissues. These B
cells are activated by thyroglobulin either leaking from the gland or, particularly in the case
of metastatic thyroid cancer, by thyroglobulin-expressing malignant cells present in lymph
nodes. Thus, it is more than speculative to conclude that metastatic thyroid cancer cells
producing thyroglobulin in lymph nodes are positioned at the optimal anatomical site for
Tg-Ab production. Furthermore, unlike TPO, a stable membrane-bound protein [29], solu-
ble thyroglobulin inside the thyroid follicle exists as a highly ordered dimeric quaternary
structure stabilized by the ionic environment of the colloid. Once outside this environment,
its quaternary structure likely becomes disrupted, potentially exposing neo-epitopes and
triggering an immune response. Therefore, thyroglobulin in lymph nodes is a probable
source of immunogenicity and Tg-Ab production.

4.1. Strengths of the Study

Our study is the largest study to date (to our knowledge) originating from the Western
world assessing the effects of elevated preoperative thyroglobulin antibody titers on the
risk of thyroid cancer, and its results are consistent with findings from other studies from
the Western world [24]. Additionally, it is the only study published to date to incorporate
data from patients operated on in multiple centers in more than one country. Furthermore,
it is the first study to account for the preoperative use of medications affecting thyroid
hormone concentrations, in addition to accounting for preoperative serum TSH, confirming
our previously published findings on the absence of a role of TSH in thyroid cancer
development in the presence of thyroid autoimmunity [30].

4.2. Limitations of the Study

Similar to all previously published studies of this kind, our study is limited by mul-
tiple factors, the most important being its retrospective nature, even though our data are
collected in a prospective manner. Secondly, our thyroglobulin antibody measurements
are performed in multiple, different laboratories, sharing different reagents and potentially
different reference ranges, even though they were all performed in well-established labo-
ratories using well-validated radioimmunoassays. A third limiting factor is the absence
of preoperative serum Tg-Abs titers measurements in a large proportion of the patients
operated on in our centers (which is not a standard of care) [31-33]. Also, Tg-Abs titers
are known to have significant fluctuations over time, even though these measurements
were all performed within 3 months prior to surgery in all subjects. In addition, the use
of data from mostly Caucasian patients limits the generalizability of our results to other
populations, especially Asians, where the results from multiple other studies differ signifi-
cantly [17,19,23]. This has been the case with our prior work on TPO antibodies [7], but
other studies in Caucasian populations were in agreement with our findings as well [15].
Lastly, surgical pathology data originate from multiple practices, which might not follow
the exact same reporting style/methods, thus allowing for some bias, even though this
increases the generalizability of our results.

5. Conclusions

Elevated preoperative thyroglobulin antibody titers constitute a mediocre preoperative
marker of increased risk of thyroid cancer but a solid predictor of lymph node metastasis.
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Tg-Abs positivity remains independently associated with lymph node metastasis but not
with overall cancer incidence or other aggressiveness features. Therefore, we recommend
their measurement as part of the preoperative endocrine evaluation in all patients planned
to undergo surgery for potentially malignant thyroid nodules.

Overall, their role in the immune response, their relationship with thyroid cancer, and
their potential to enhance or suppress tumorigenesis remain controversial and warrant
further exploration with studies assessing their potential effects in the tumor and lymph
node immune microenvironment ([34] and Part 2).

Author Contributions: R.D.P. and ].C.J. conceived and designed the study. All authors participated
in data collection. R.D.P, J.CJ., and N.G.A. performed the statistical analysis of the data. R.D.P,, D.B.,
N.G.A,, and J.C.J. wrote the paper. All authors reviewed and edited the paper. All authors have read
and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from any funding agency in the public,
commercial, or not-for-profit sector.

Institutional Review Board Statement: The study was performed in accordance with the principles
of the Declaration of Helsinki and the 2016 Taipei modifications. Ethical approval for this study was
granted by the University of Wisconsin Hospital and Clinics Institutional Review Board for the US
data and the Hellenic Endocrine Network Institutional Review Board for the Greek data. Approval
code: 2011-0621-CR002; Approval on 1 September 2014.

Informed Consent Statement: Informed consent was waived due to the minimal risks associated
with retrospective review protocols.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding authors.

Acknowledgments: We would like to thank Herbert Chen for sharing part of the thyroid surgical
database. Preliminary data on this work was presented at the 2025 Annual Meeting of the Endocrine
Society in San Francisco, CA, and the 2025 Annual Meeting of the European Society of Endocrinology
in Copenhagen, Denmark.

Conflicts of Interest: All authors report that there is no conflict of interest that could be perceived as
prejudicing the impartiality of the research reported.

References

1. Lim, H.; Devesa, S.S.; Sosa, J.A.; Check, D.; Kitahara, C.M. Trends in Thyroid Cancer Incidence and Mortality in the United States,
1974-2013. JAMA 2017, 317, 1338-1348. [CrossRef]

2. Chen, M.M,; Luu, M,; Sacks, W.L.; Orloff, L.; Wallner, L.P; Clair, ].M.; Pitt, S.C.; Ho, A.S.; Zumsteg, Z.S. Trends in incidence,
metastasis, and mortality from thyroid cancer in the USA from 1975 to 2019: A population-based study of age, period, and cohort
effects. Lancet Diabetes Endocrinol. 2025, 13, 188-195. [CrossRef]

3. Haymart, M.R; Banerjee, M.; Reyes-Gastelum, D.; Caoili, E.; Norton, E.C. Thyroid Ultrasound and the Increase in Diagnosis of
Low-Risk Thyroid Cancer. J. Clin. Endocrinol. Metab. 2019, 104, 785-792. [CrossRef]

4. Zhang, X.; Wang, X.; Hu, H.; Qu, H,; Xu, Y,; Li, Q. Prevalence and Trends of Thyroid Disease Among Adults, 1999-2018. Endocr.
Pract. 2023, 29, 875-880. [CrossRef] [PubMed]

5. Peterson, C.A. Lymphocytic thyroiditis in 757 thyroid operations. Am. . Surg. 1957, 94, 223-228; discussion 228-231. [CrossRef]
[PubMed]

6.  Paparodis, R.; Imam, S.; Todorova-Koteva, K.; Staii, A.; Jaume, J.C. Hashimoto’s thyroiditis pathology and risk for thyroid cancer.
Thyroid 2014, 24, 1107-1114. [CrossRef]

7. Paparodis, R,; Livadas, S.; Karvounis, E.; Bantouna, D.; Zoupas, I.; Angelopoulos, N.; Imam, S.; Jaume, J.C. Elevated Preoperative
TPO Ab Titers Decrease Risk for DTC in a Linear Fashion: A Retrospective Analysis of 1635 Cases. J. Clin. Endocrinol. Metab. 2023,
109, e347—-e355. [CrossRef] [PubMed]

8. Frohlich, E.; Wahl, R. Thyroid Autoimmunity: Role of Anti-thyroid Antibodies in Thyroid and Extra-Thyroidal Diseases. Front.

Immunol. 2017, 8, 521. [CrossRef]

https:/ /doi.org/10.3390/ cancers18050790


https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1016/S2213-8587(24)00310-3
https://doi.org/10.1210/jc.2018-01933
https://doi.org/10.1016/j.eprac.2023.08.006
https://www.ncbi.nlm.nih.gov/pubmed/37619827
https://doi.org/10.1016/0002-9610(57)90649-9
https://www.ncbi.nlm.nih.gov/pubmed/13444540
https://doi.org/10.1089/thy.2013.0588
https://doi.org/10.1210/clinem/dgad408
https://www.ncbi.nlm.nih.gov/pubmed/37440589
https://doi.org/10.3389/fimmu.2017.00521
https://doi.org/10.3390/cancers18050790

Cancers 2026, 18, 790 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Park, WR.; Oh, TK.; Jeon, H.J. Prospective observation of 5-year clinical course of subclinical hypothyroidism in korean
population. J. Korean Med Sci. 2013, 28, 1622-1626. [CrossRef]

Xiao, Y.; Zhou, Q.; Xu, Y.; Yuan, S.L.; Liu, Q.A. Positive thyroid antibodies and risk of thyroid cancer: A systematic review and
meta-analysis. Mol. Clin. Oncol. 2019, 11, 234-242. [CrossRef]

Knappe, L.; Giovanella, L. Life after thyroid cancer: The role of thyroglobulin and thyroglobulin antibodies for postoperative
follow-up. Expert Rev. Endocrinol. Metab. 2021, 16, 273-279. [CrossRef]

Jo,K,; Kim, M.H.; Ha, ].; Lim, Y.; Lee, S.; Bae, ].S.; Jung, C.K,; Kang, M.I; Cha, B.Y.; Lim, D.]. Prognostic value of preoperative
anti-thyroglobulin antibody in differentiated thyroid cancer. Clin. Endocrinol. 2017, 87, 292-299. [CrossRef] [PubMed]
Abbasgholizadeh, P.; Naseri, A.; Nasiri, E.; Sadra, V. Is Hashimoto thyroiditis associated with increasing risk of thyroid
malignancies? A systematic review and meta-analysis. Thyroid. Res. 2021, 14, 26. [CrossRef] [PubMed]

Paparodis, R.D.; Karvounis, E.; Kapezanou, A.; Bantouna, D.; Livadas, S.; Simeakis, G.; Askitis, D.P.; Androulakis, I.; Angelopou-
los, N.G.; Zianni, D.; et al. 7144 Lack of TPO Antibodies Heralds “Immune Escape” of Aggressive Thyroid Cancers of Follicular
Origin: An International Retrospective Analysis of 1,943 Consecutive Thyroidectomy Cases. ]. Endocr. Soc. 2024, 8, bvae163-2180.
[CrossRef]

Zhang, H.; Tian, L.; Wang, X.; Shi, X. The relationship between thyroid peroxidase antibody and differentiated thyroid cancer: A
systematic review and meta-analysis. Front. Endocrinol. 2024, 15, 1349041. [CrossRef]

Iddah, M.A.; Macharia, B.N. Autoimmune thyroid disorders. ISRN Endocrinol. 2013, 2013, 509764. [CrossRef]

Li, L.; Shan, T,; Sun, X.; Lv, B.; Chen, B,; Liu, N.; Zhang, B.; Hu, S.; Zeng, Q.; Turner, A.G.; et al. Positive Thyroid Peroxidase
Antibody and Thyroglobulin Antibody are Associated with Better Clinicopathologic Features of Papillary Thyroid Cancer. Endocr.
Pract. 2021, 27, 306-311. [CrossRef]

Hosseini, S.; Payne, R.J.; Zawawi, F; Mlynarek, A.; Hier, M.P.; Tamilia, M.; Forest, V.I. Can preoperative thyroglobulin antibody
levels be used as a marker for well differentiated thyroid cancer? J. Otolaryngol.-Head Neck Surg. 2016, 45, 31. [CrossRef]

Jia, X; Pang, P.; Wang, L.; Zhao, L.; Jiang, L.; Song, Y.; Fan, X.; Wang, Y.; Zhao, S.; Ba, ].; et al. Clinical Analysis of Preoperative
Anti-thyroglobulin Antibody in Papillary Thyroid Cancer Between 2011 and 2015 in Beijing, China: A Retrospective Study. Front.
Endocrinol. 2020, 11, 452. [CrossRef]

He, L.Z;; Zeng, T.S.; Pu, L.; Pan, S.X,; Xia, W.F,; Chen, L.L. Thyroid Hormones, Autoantibodies, Ultrasonography, and Clinical
Parameters for Predicting Thyroid Cancer. Int. J. Endocrinol. 2016, 2016, 8215834. [CrossRef] [PubMed]

Vasileiadis, I.; Boutzios, G.; Charitoudis, G.; Koukoulioti, E.; Karatzas, T. Thyroglobulin antibodies could be a potential predictive
marker for papillary thyroid carcinoma. Ann. Surg. Oncol. 2014, 21, 2725-2732. [CrossRef]

Gabalec, F; Srbova, L.; Nova, M.; Hovorkova, E.; Hornychova, H.; Jakubikova, I.; Ryska, A.; Cap, J. Impact of Hashimoto’s
thyroiditis, TSH levels, and anti-thyroid antibody positivity on differentiated thyroid carcinoma incidence. Endokrynol. Pol. 2016,
67,48-53. [CrossRef]

Min, Y.; Huang, Y.; Wei, M.; Wei, X.; Chen, H.; Wang, X.; Chen, ].; Xiang, K.; Feng, Y.; Yin, G. Preoperatively Predicting the Central
Lymph Node Metastasis for Papillary Thyroid Cancer Patients with Hashimoto’s Thyroiditis. Front. Endocrinol. 2021, 12, 713475.
[CrossRef] [PubMed]

McLeod, D.S.; Cooper, D.S.; Ladenson, PW.; Ain, K.B.; Brierley, ].D.; Fein, H.G.; Haugen, B.R.; Jonklaas, J.; Magner, J.; Ross, D.S.;
et al. Prognosis of differentiated thyroid cancer in relation to serum thyrotropin and thyroglobulin antibody status at time of
diagnosis. Thyroid 2014, 24, 35—42. [CrossRef] [PubMed]

Wong, S.L.; Grodski, S.; Yeung, M.].; Serpell, ].W. Anti-thyroid antibodies as a predictor of thyroid cancer. ANZ J. Surg. 2015,
85, 849-853. [CrossRef]

Xu, J.; Ding, K.; Mu, L.; Huang, J.; Ye, F; Peng, Y.; Guo, C.; Ren, C. Hashimoto’s Thyroiditis: A “Double-Edged Sword” in Thyroid
Carcinoma. Front. Endocrinol. 2022, 13, 801925. [CrossRef]

Kim, R.; Emi, M.; Tanabe, K. Cancer immunoediting from immune surveillance to immune escape. Immunology 2007, 121, 1-14.
[CrossRef]

McLachlan, S.M.; Rapoport, B. Why measure thyroglobulin autoantibodies rather than thyroid peroxidase autoantibodies?
Thyroid 2004, 14, 510-520. [CrossRef] [PubMed]

Jaume, J.C.; Guo, J.; Wang, Y.; Rapoport, B.; McLachlan, S.M. Cellular thyroid peroxidase (TPO), unlike purified TPO and adjuvant,
induces antibodies in mice that resemble autoantibodies in human autoimmune thyroid disease. J. Clin. Endocrinol. Metab. 1999,
84,1651-1657.

Paparodis, R.D.; Bantouna, D.; Karvounis, E.; Imam, S.; Jaume, J.C. Higher TSH Is Not Associated with Thyroid Cancer Risk in
the Presence of Thyroid Autoimmunity. J. Clin. Endocrinol. Metab. 2020, 105, e2389-e2397. [CrossRef]

Haugen, B.R.; Alexander, E.K,; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,
A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1-133. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ cancers18050790


https://doi.org/10.3346/jkms.2013.28.11.1622
https://doi.org/10.3892/mco.2019.1886
https://doi.org/10.1080/17446651.2021.1993060
https://doi.org/10.1111/cen.13367
https://www.ncbi.nlm.nih.gov/pubmed/28493284
https://doi.org/10.1186/s13044-021-00117-x
https://www.ncbi.nlm.nih.gov/pubmed/34861884
https://doi.org/10.1210/jendso/bvae163.2180
https://doi.org/10.3389/fendo.2024.1349041
https://doi.org/10.1155/2013/509764
https://doi.org/10.1016/j.eprac.2020.10.017
https://doi.org/10.1186/s40463-016-0143-5
https://doi.org/10.3389/fendo.2020.00452
https://doi.org/10.1155/2016/8215834
https://www.ncbi.nlm.nih.gov/pubmed/27313612
https://doi.org/10.1245/s10434-014-3593-x
https://doi.org/10.5603/EP.a2016.0022
https://doi.org/10.3389/fendo.2021.713475
https://www.ncbi.nlm.nih.gov/pubmed/34367075
https://doi.org/10.1089/thy.2013.0062
https://www.ncbi.nlm.nih.gov/pubmed/23731273
https://doi.org/10.1111/ans.12453
https://doi.org/10.3389/fendo.2022.801925
https://doi.org/10.1111/j.1365-2567.2007.02587.x
https://doi.org/10.1089/1050725041517057
https://www.ncbi.nlm.nih.gov/pubmed/15307940
https://doi.org/10.1210/clinem/dgaa237
https://doi.org/10.1089/thy.2015.0020
https://www.ncbi.nlm.nih.gov/pubmed/26462967
https://doi.org/10.3390/cancers18050790

Cancers 2026, 18, 790 13 of 13

32. Durante, C.; Hegediis, L.; Czarniecka, A.; Paschke, R.; Russ, G.; Schmitt, E.; Soares, P.; Solymosi, T.; Papini, E. 2023 European
Thyroid Association Clinical Practice Guidelines for thyroid nodule management. Eur. Thyroid J. 2023, 12, €230067. [CrossRef]

33. Haddad, RI; Bischoff, L.; Ball, D.; Bernet, V.; Blomain, E.; Busaidy, N.L.; Campbell, M.; Dickson, P; Duh, Q.Y.; Ehya, H.; et al. Thyroid
Carcinoma, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2022, 20, 925-951. [CrossRef]
[PubMed]

34. Jaume, ].C. Thyroid Cancer-The Tumor Immune Microenvironment (TIME) over Time and Space. Cancers 2025, 17, 794. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ cancers18050790


https://doi.org/10.1530/ETJ-23-0067
https://doi.org/10.6004/jnccn.2022.0040
https://www.ncbi.nlm.nih.gov/pubmed/35948029
https://doi.org/10.3390/cancers17050794
https://www.ncbi.nlm.nih.gov/pubmed/40075642
https://doi.org/10.3390/cancers18050790

	Introduction 
	Materials and Methods 
	Results 
	Primary Outcome 
	Secondary Outcomes 
	Tertiary Outcomes 
	Ad Hoc Analysis of Macrocarcinomas Alone 
	Ad Hoc Analysis Using Higher Thyroglobulin Antibodies Titer Cutoff 

	Discussion 
	Strengths of the Study 
	Limitations of the Study 

	Conclusions 
	References

