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ARTICLE INFO ABSTRACT

Keywords: Almost 15-30% of patients with papillary thyroid carcinoma (PTC) experience some degree of
TthOid cancer ) recurrence after treatment. Long-term follow-up and examination after thyroidectomy are very
Papillary thyroid carcinoma important in dealing with this issue. Serum thyroglobulin (Tg) level and neck ultrasound are the

Anti-thyroglobulin antibody

Persistence and prognosis main part of follow-up for this purpose. The presence of thyroglobulin antibodies (TgAbs) leads to

unreliable thyroglobulin (Tg) levels. The present study aims to evaluate the relationship between
the simultaneous measurement of Tg and TgAb with long-term survival and response to treatment
in these patients. This study was conducted by surveying available data from the medical records
of 204 out of 600 patients over a 20-year period. In this research, 104 patients with positive TgAb
were considered as the case group, and 100 patients with negative TgAb were selected as the
control group. The relationship of TgAb titer was investigated with the staging, response to
treatment (including the surgery number, number of radiotherapies, and dose of radioactive
iodine), and recurrence in these patients. Also, the trend of TgAb changes was examined in the
presence of high or low thyroglobulin levels during the follow-up period. Patients with high TgAb
levels had more lymph node involvement, higher cumulative dose, a higher number of times
received iodine, more surgical number, higher recurrence rate, and less excellent response (ER) to
treatment during follow-ups. This effect of TgAb worsened in the presence of high Tg titer and
remained up to 36 months. Overall, the baseline level of TgAb and its changes can be a suitable
factor for predicting subsequent response to treatment and recurrence in patients with PTC.
Accordingly, in cases with high TgAb and Tg levels, close follow-up should be considered up to Tg
and TgAb normalization.

1. Introduction

Papillary thyroid carcinoma (PTC) is the most common thyroid cancer among children and adults, accounting for 85%-90% of
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differentiated thyroid carcinoma (DTC) [1]. Although most PTC patients have an indolent clinical course and a favorable prognosis,
15%-30% of them experience recurrence. Therefore, a lengthy surveillance period is needed, owing to the risk of recurrence after
initial treatment [2]. About 1-7% of patients with PTC have distant metastasis at diagnosis [3]. Also, a scoring index has been devised
to predict the risk groups of PTC patients. This index includes 4 independent variables: tumor size, tumor spread rate, tumor grade, and
patient age [4].

Thyroglobulin (Tg) is the primary DTC serum marker, particularly when assessed after stimulation with recombinant thyroid
hormone or during hypothyroidism [5]. Normal thyroid cancer cells or thyroid tissue are the sole bodily Tg origin, leading to its high
specificity [6]. Increase or persistence in Tg concentrations after total thyroidectomy or radioiodine treatment is a valid index of
disease persistence or recurrence in PTC [6,7]. A non-stimulated thyroglobulin level of less than 10 usually indicates persistent and
recurrent disease in the neck. Values between 10 and 100 indicate pulmonary metastasis, and values in the range of several thousand
can indicate bone metastases [8]. In this regard, neck ultrasound is the main part of this follow-up. Thyroglobulin antibodies (TgAbs)
may be induced by the reaction to the release of Tg produced by thyroid cancer cells or thyroid tissue [7].

TgAb is produced in approximately 25% of patients with thyroid cancer and 10% of the general population. The presence of TgAbs,
even at very low levels, may lead to unreliable Tg measurements, resulting in an incorrect diagnosis of recurrent disease or persistent
[9,10]. Guidelines instruct that the estimation of Tg levels should continually go with a TgAb test in patients with DTC at intervals of
6-12 months [2]. Destruction of normal or neoplastic thyroid cells decreases the level of TgAbs. Therefore, except for a few cases, a
constant or rising level of antibodies can indicate the recurrence or non-treatment of cancer [11]. However, after thyroidectomy, the
level of these antibodies in the body increases due to the immune response to the intervention [11].

Various studies have shown a positive and significant relationship between the TgAbs level and the increased risk of non-response
to treatment or recurrence [12-14]. Patients with an incomplete response (IR) had central compartment lymph node metastases and
higher baseline TgAb in comparison to those with an excellent response (ER) [13]. The existence of TgAb is indicative of an active
tumor. Sequential TgAb change is a good disease prognosis predictor and is useful for clinical decision-making. Recent studies have
also shown that a reduction of antibodies level by at least 50% after treatment will significantly reduce the recurrence risk [12,15,16].

Cortes et al. stated that among low- or intermediate-risk patients with undetectable Tg and the normal US after thyroidectomy,
those with borderline TgADb are at no greater risk of tumor persistence or recurrence. In contrast, when undetectable Tg levels continue,
recurrence should be suspected in the case of a TgAb elevation above the reference limit [17]. Besides, PTC patients with positive
serum TgAD titer during the first year after primary treatment were more likely to have persistent/recurrent disease than those who
were consistently TgAb-negative. Finally, the negativization of TgAb presented an excellent prognosis [17,18]. The presence of
perioperative TgAbs is associated with aggressive histological features and thyroiditis. Detection of TgAbs perioperatively may
encourage surgeons to consider more extensive initial surgery [19]. A rising trend in Tg-Ab ensures further investigation to identify
recurrent diseases. Stable or declining Tg-Ab levels do not seem to reflect a risk for recurrence [20].

According to above mentioned, a high level of TgAD is related to the possibility of recurrence and persistence of disease increases.
This study examined the relationship between high levels of thyroglobulin antibodies (TgAb) and the duration of needed follow-up and
recurrence rate. Also, we investigated the trend of changes in serum levels of TgAbs and the evidence of recurrence in PTC patients with
positive and negative TgAbs during follow-up sessions according to the simultaneous changes in serum thyroglobulin levels.

2. Material and methods

This retrospective study enrolled 600 PTC patients treated at the specialist referral clinic in Kerman (a city in the southeast region of
Iran) between 2001 and 2021. The study protocol was approved by the ethics committee of the Kerman University of Medical Sciences,
Kerman, Iran (Ethic code No IR. KMU.REC.1401.427). Verbal informed consent was obtained for the use of patients’ information. All
patients underwent total thyroidectomy at our institution or a regional hospital. Patients underwent biopsy-proven lymph node
metastases, central compartment neck dissection (CCLND) in advanced primary tumors, or suspicious neck USG findings preopera-
tively. In this research, 130 out of 600 PTC patients had thyroglobulin antibody levels higher than the normal range of standard referral
laboratory (TgAb positive). On the other hand, 470 patients had negative thyroglobulin antibody levels. TgAb >115 IU/ml was defined
as TgAD positive, and TgAb <115 IU/ml was defined as TgAb negative.

We included patients who 1) were diagnosed with PTC (based on the pathology sample obtained from thyroid surgery) and had a
minimum of one-year follow-up, 2) had a valid phone number to verify their survival status, 3) the availability of TgAb and Tg levels
(reported by the standard center) at the same time after surgery and during the follow-up period, 4) the amount and number of doses of
radioactive iodine received, and the definiteness of reported recurrence (recurrence was defined as any documented evidence of
recurrence that was noted by sonography, isotope scan, PET scan or the development of elevated serum thyroglobulin (Tg). Histo-
pathology reports of the surgical samples were used to define lymph node status, extrathyroidal extension, and thyroiditis, according to
the current definitions [21]. Also, a thyroid ultrasound with lymph node mapping was applied [22]. Exclusion criteria were: 1) Death
of a patient for a cause other than thyroid cancer, 2) The follow-up period was less than 1 year (whether due to the occurrence of
diagnosis less than one year ago or non-referral despite contact), and 3) Missing or inaccessible surgical records. Finally, 104
TgAb-positive PTC patients were included in the study. The control group included PTC patients with negative TgAb, and 100
TgAb-negative patients were selected. Based on patients’ record number, a PTC patient record was examined before and after positive
TgAb and patients who had been followed up for at least three years, had complete data, were matched by age, gender, tumor size, Tg
level, etc. based on analysis and their visit time was close to that of the positive TgAb patient were selected as the control group or
negative TgAb. As presented in Table 1, basic specifications were the same and only the outcomes were different (Fig. 1).

The information of patients from their file included age, sex, tumor size, serum TgADb (reported after thyroidectomy and reported
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during follow-up and treatment), serum TgAb simultaneous with thyroglobulin (Tg) serum, serum TgAb simultaneous with simul-
taneous TSH level (stimulated and non-stimulated), the disease stage (staging based on initial surgery and pathological findings),
Classification Risk Based on Risk Stratification System (Low, Intermediate, and High), lymph node (LN) involvement, recurrence and
(isotope scan, local or metastasis noted by sonography, the development of elevated serum thyroglobulin (Tg) or PET scan) and time to
recurrence (as the number of months between the time of diagnosis and time of recurrence based on information in the medical re-
cords), and TNM classification and staging. Moreover, therapeutic information included the number of surgeries, radioactive iodine
(cumulative dose and frequency of receiving radioactive iodine), and final response to treatment (Excellent, Biochemical incomplete,
Structural incomplete, Indeterminate), all extracted from the patient’s file. Tests and dates of Tg, TgAb, and TSH tests (stimulation
without levothyroxine treatment and non-stimulation with levothyroxine treatment) were also extracted and recorded from the pa-
tients’ files. TgAb positive and negative groups were divided into 2 subgroups based on serum thyroglobulin level simultaneously
(Fig. 1). The study groups were compared in 3 steps: 1) The difference between the mentioned data was investigated between 4 groups,
2) The TgAb positive group in terms of changes of antibody level (remaining positive or becoming negative) and its relationship with
Tg level and recurrences reported in 6 follow-up sessions (including 6 months, 12 months, 24 months, 36 months, 72 months, and 108
months) were investigated. 3) In TgAb positive and negative groups, the trend of antibody titer and thyroglobulin (Increasing,
Declining, Stable, and Undetectable) were investigated in the follow-up sessions, and the presence of recurrence or non-recurrence at
the same time.

2.1. Laboratory

TgAb levels were measured by an automated chemiluminescence assay, Immulite 2000 system, and Siemens kits (Siemens
Healthcare Diagnostics Products Limited, Munich, Germany). Serum Tg quantifications were accomplished by radioimmunoassay (Tg

Table 1
Baseline characteristics of patients in positive and negative TgAb groups.
Negative TgAb Positive TgAb p-value

@ Age 38.55 +13.49 37.55 £ 12.36 0.84
iTg 30.56 + 8.63 64.56 + 25.34 0.53
Follow-up (months) 52.44 + 29.62 56.76 + 35.24 0.01*
@ Tumor size (cm) 215+ 1.25 1.86 + 0.95 0.14
# Cumulative dose of iodine 157.73 +£ 13.86 218.54 £17.97 0.01*
b sex
Female 86(48.3) 92(51.7) 0.67
Male 14(53.8) 12(46.2)
> TNM Stage
1 38(45.2) 46(54.8) 0.71
2 38(50.0) 38(50.0)
3 10(50.0) 10(50.0)
4 14(58.3) 10(41.7)
bLN
Yes 46(38.0) 54(65.1) <0.001***
No 54 (65.1) 29 (34.9)
b Metastasis
Yes 6 (75.0) 2(25.0) 0.28
No 89 (50.3) 88(49.7)
b Stage
1 82(48.0) 89(52.0) 0.35
2 8(44.4) 10(55.6)
3 10(66.7) 5(33.3)
> Number of surgeries
1 77(52.0) 71(48.0) 0.02*
2 20(52.6) 18(47.4)
3 3(27.3) 8(72.7)
4 0 7(100)
b Recurrent
Yes 16(32.0) 34(68.0) 0.006**
No 84(54.5) 70(45.5)
b Risk Stratification System
Low 23(44.2) 29(55.8) 0.72
Intermediate 38(50.7) 37(49.3)
High 39(50.6) 38(49.4)
b Response to treatment
Excellent 90(58.8) 63(41.2) <0.001***
Biochemical incomplete 2(28.6) 5(71.4)
Structural incomplete 4(21.1) 15(78.9)
Indeterminate 4(16.0) 21(84.0)

Data are shown as mean =+ SD (a) and number(percent) (b). Mann-Whitney U test/Chi-square test. *P < 0.05, **P < 0.01, and ***P < 0.001. Tg:
Serum Thyroglobulin, TgAb: Serum Antithyroglobulin antibody, LN: Lymph node.
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-deaths due to
causes other than
thyroid  cancer
(n=4).

- Patients who had
a follow-up of less
than one year (due
to a diagnosis less
than one year ago

or no referral
despite phone
calls) were

excluded from the ‘

study (n=22).
Fig. 1. Flow chart shows the recruitment of the study subjects. PTC: Papillary thyroid cancer, TgAb: Antithyroglobulin antibodies, Tg:
Thyroglobulin.

26 patients excluded
study

IRMA; CIS-Bio International, Bagnols-sur-Ceze, France). The serum level of TSH was measured using an ELISA kit following the
manufacturer’s instructions.

3. Statistical analysis

Means were compared between groups using the nonparametric Mann-Whitney U test or the student t-test. Chi-square test or
Fisher’s exact test was used to identify differences in the ratio of cases. A p-value lower than 0.05 was determined to be significant.
Continuous variables were expressed as mean =+ standard deviation and nominal variables as the number of cases and (%). The data
were analyzed using logistic regression at 95% confidence level. Variables with P-value less than 0.1 in univariate analysis were added
to the final multivariate models in order to control the effect of confounding variables. The receiver operating characteristics (ROC)
curve was utilized to calculate the area under the curve (AUC) and appropriate cut-off value with corresponding specificity and
sensitivity for detecting recurrence by TgAb levels. The data were analyzed using the IBM SPSS Statistics V-22 (SPSS Inc., Chicago, IL,
USA).

4. Results
4.1. Baseline characteristics

Of the 600 PTC patients enrolled in the study, the data from 204 patients (104 patients with positive antibodies and 100 patients
with negative antibodies) were collected. The mean age of patients was 38.04 & 12.91 years, with a range of 13-78 years. About 86.7%
of patients were women. The mean Tg, tumor size, and cumulative dose of prescribed iodine were 47.9 + 13.61 (ng/ml), 2 + 1.11
(cm), and 188.73 + 165.38 (Ul/ml), respectively. Also, 60.9% of patients had LN involvement, 4.3% had metastases, and most were in
stage one disease (79.4%). Furthermore, more than half of the patients had undergone surgery once (71.1%), and most of them were
prescribed radioactive iodine once (64.7%). Finally, 24.5% of patients had a recurrence, and 74.0% of them showed excellent re-
sponses to treatment.

4.2. Comparison of variables in positive and negative TgAb groups
The two groups of positive and negative TgAb in terms of LN involvement (P < 0.001), the mean of follow-up time (P = 0.01), the

number of surgeries (P = 0.023), the cumulative dose of iodine (P = 0.012), recurrence (P = 0.006), and response to treatment with the
excellent final response (P < 0.001) had a significant relationship (Table 1). In terms of LN involvement, a higher percentage of
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individuals in the positive TgAb group (65.1%) had LN involvement than those in the negative TgAb group (38.0%). Patients with
positive TgAb (100%) underwent more surgeries than those with negative TgAb (0.0%). A higher percentage of individuals in the
positive TgAb group (68.0%) experienced recurrence than the group with negative TgAb (32.0%) (Table 1). There was no significant
difference between the two groups of positive and negative TgAD in terms of tumor size (P = 0.058), metastasis (P = 0.17), disease
stage (P = 0.350), TNM (P = 0.71), and Risk Stratification System (P = 0.72) (Table 1).

4.3. Comparison of variables in TgAb (negative and positive) and Tg (low and high) subgroups

The mean difference in the cumulative dose of iodine between the four groups was significant (P < 0.001). Positive TgAb and high
Tg group received the highest cumulative dose of iodine (265.06 &+ 25.96; Table 2) compared to TgAb negative-Tg high (P < 0.05),
TgAb negative-Tg low (P < 0.001) and TgAb positive -Tg low subgroups (P < 0.01). In terms of LN variables (P < 0.001), the number of
surgeries (P < 0.001), frequency of receiving radioactive iodine (P < 0.001), the recurrence rate (P = 0.008), and the response to
treatment (final class) of cancer (P < 0.001) showed a significant difference between the four groups. The group of positive TgAb and
high Tg (40.5%) had the most involvement in LN (Table 2) compared to TgAb negative-Tg high (P < 0.01). Only the positive TgAb and
high Tg group underwent 4 surgeries (100%). In the case of undergoing 3 surgeries, the highest proportion belonged to the positive
TgAb and high Tg groups (63.6%), followed by the negative TgAb and high Tg groups (27.3%). A higher percentage of patients in the
positive TgAb and high Tg (47.6%) group received iodine more than once compared to TgAb negative-Tg high (P < 0.05) and TgAb
negative-Tg high groups (P < 0.001). In terms of receiving radioactive iodine, the negative TgAb and low Tg group was significant
compared to negative TgAb and high Tg group (P < 0.05). Besides, the highest proportion of recurrence was seen in the positive TgAb

Table 2
Baseline characteristics of patients in TgAb (negative and positive) and Tg (low and high) subgroups.

TgAD negative-Tg high TgAD negative-Tg low TgADb positive -Tg high TgAD positive -Tg low p-value

2 Age 39.44 +1.87 37.26 + 1.89 38.63 + 1.62 35.90 + 1.79 0.83

2 Tumor size 2.00 £ 0.14 2.38 £ 0.22 1.98 + 0.12 1.67 + 0.12 0.03*

Follow-up (months) 48.2 + 27.69 58.53 + 31.54 61.71 + 34.2 49.17 + 35.77 0.07

:Cumulative dose of iodine 177.52 + 21.97 129.23 + 10.85 265.06 + 25.96 147.07 +17.15 <0.001***
sex

Female 49(27.5) 37(20.8) 56(31.5) 36(20.2) 0.699

Male 10(38.5) 4(15.4) 7(26.9) 5(19.2)

> TNM Stage

1 23(27.4) 15(17.9) 25(29.8) 21(25.0) 0.741

2 21(27.6) 17(22.4) 27(35.5) 11(14.5)

3 5(25.0) 5(25.0) 5(25.0) 5(25.0)

4 10(41.7) 4(16.7) 6(25.0) 4(16.7)

bLN

Yes 31(25.6) 15(12.4) 49(40.5) 26(21.5) <0.001***

No 28(33.7) 26(31.3) 14(16.9) 15(18.1)

b Metastasis

Yes 5(62.5) 1(12.5) 2(25.0) 0(0) 0.184

No 51(28.8) 38(21.5) 52(29.4) 36(20.3)

b Stage

1 46(26.9) 36(21.1) 54(31.6) 35(20.5) 0.350

2 6(33.3) 2(11.1) 5(27.8) 5(27.8)

3 7(46.7) 3(20.0) 4(26.7) 1(6.7)

> Number of surgeries

One time 40(27.0) 37(25.0) 35(23.6) 36(24.3) <0.001***

Two time 16(42.1) 4(10.5) 14(36.8) 4(10.5)

Three time 3(27.3) 0(0) 7(63.6) 1(9.1)

Four time 0(0) 0(0) 7(100) 0(0)

b Radioactive Iodine treatment

One time 43(72.9) 37(90.2) 33(52.4) 31(75.6) <0.001***

More than one time 16(27.1) 4(9.8) 30(47.6) 10(24.4)

b Recurrent

Yes 13(26.0) 3(6.0) 23(46.0) 11(22.0) 0.008%*

No 46(29.9) 38(24.7) 40(26.0) 30(19.5)

b Risk Stratification System

Low 15(28.8) 8(15.4) 16(30.8) 13(25.0) 0.189

Intermediate 17(22.7) 21(28.0) 20(26.7) 17(22.7)

High 27(35.1) 12(15.6) 27(35.1) 11(14.3)

b Response to treatment

Excellent 50(32.7) 40(26.1) 35(22.9) 28(18.3) <0.001***

Biochemical incomplete 2(28.6) 0(0) 3(42.9) 2(28.6)

Structural incomplete 4(21.1) 0(0) 6(31.6) 9(47.4)

Indeterminate 3(12.0) 1(4.0) 19(76.0) 2(8.0)

Data are shown as mean =+ SD (a) and number(percent) (b). Kruskal-wallis test/Chi-square test. *P < 0.05, **P < 0.01, and ***P < 0.001. Tg: Serum
Thyroglobulin, TgAb: Serum Antithyroglobulin antibody, LN: Lymph node.
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and high Tg group (46.0%; Table 2) compared to TgAb negative-Tg high and TgAb positive- Tg low groups (P < 0.05). Excellent
response was seen in negative TgAb and high Tg (32.7%), negative TgAb and low Tg group (26.1%), positive TgAb and high Tg
(22.9%), and positive TgAb and low Tg group (18.3%). More patients with final class 1 cancer were in the negative TgAb and low Tg
group. Tumor size also showed a significant difference between groups (P < 0.05; Table 2). This variable was significant between
negative TgAb and low Tg group and positive TgAb and low Tg group (P < 0.05).

4.4. Sequential changes of serum thyroglobulin antibody levels and recurrence in positive TgAb group during follow-up

After a 12-month follow-up, more than 50% of TgAb-positive patients (n = 104) were negative. Also, 48% of patients (n = 50)
remained TgAD positive, of which 33 were in the high Tg subgroup and 17 were in the low Tg subgroup. Recurrence was observed in
16.3% of positive TgAb patients (n = 17), among which 15 were in the high Tg subgroup and 2 were in the low Tg subgroup (Fig. 2).
After 24 months of follow-up, 80% of antibodies were negative. Meanwhile, 22.1% of patients (n = 23) were positive TgAb, of which
15 were in the high Tg subgroup and 8 were in the Tg negative subgroup. Moreover, recurrence was observed in 12.5% of patients (n =
13), among which 10 patients were TgAD positive and 3 were TgAb negative. Moreover, 12 patients were in the high Tg subgroup and 1
patient in the low Tg subgroup. In the 36-month follow-up, more than 85% of antibodies were negative. Besides, 14.4% of patients (n
=15) were TgAb positive, of which 11 were in the Tg high subgroup, and 4 were in the Tg low subgroup. Also, recurrence was observed
in 4.8% of patients (n = 5), among which 3 were TgAb positive and 2 were negative TgAb, of which 4 patients were in the high Tg

TgAb+
@ n=50 (7Tg subgroup=33,¢Tg subgroup=17)
=
=
=)
=]
~ Recurrence 17(16.3%)
—
TgAb+(%g subgroup=15,¢Tg
subgroup=2)
— > TgAb — (n=19)
TgAb+
wn n=23 (4Tg subgroup=15, #Tg subgroup=8)
=
=
=
= Recurrence 13(12.5%) ‘
s ( TgAb+ =10, Tg Ab- =3)
— » TgAb — (n=2)
TgAb+
_g n=15 (ﬁTg subgroup=11,$Tg subgroup=4)
=
=
g Recurrence 5 (4.8 %)
2 (TgAb+ =3, Tg Ab- =2)
— *>| TgAb — (n=5)
TgAb+
-E n=9 dTg subgroup:G,‘Tg subgroup=3)
=
g Recurrence 0
o
—~
—> TgAb — (n=0)
TgAb+
w2
—E n=5 (ﬁ'g subgroup=3,¢l'g subgroup=2)
=}
E Recurrence 0
o
=
—

Fig. 2. The changes of serum TgADb levels and recurrence in patients with positive TgAb in Tg high and low subgroups during follow-up. TgAb:
Antithyroglobulin antibodies, Tg: Thyroglobulin.



M. Sanjari et al. Heliyon 10 (2024) 26092

subgroup and 1 in the low Tg subgroup. In the 72-month follow-up, more than 90% of antibodies were negative and 8.6 % of patients
(n = 9) were TgAb positive, of which 6 were in the high Tg subgroup and 3 were in the low Tg subgroup. Recurrence was not observed
during this follow-up. Finally, after 108 months of follow-up, despite no recurrence, 5 patients remained positive TgAb, of which 3
were in the high Tg subgroup and 2 were in the low Tg subgroup. In addition, at the end of the study, 3 cases of non-response to
treatment were seen, with high Tg despite the negative antibody level (Fig. 2).

4.5. TgAb and Tg trend

The TgADb trend during follow-up is shown in Fig. 2. The follow-up results of the positive TgAb group indicated that the patients
with increasing TgAb were from 31% at the beginning of the study to 9.8% at 36 months and 7.4% at the end of the study. Also, during
the follow-up period, the percentage of patients with a declining TgAb trend was 48% in the beginning and reached 11% in 36 months,
which was the largest decrease during this period. In addition, these patients showed undetectable levels over time as at the beginning
of the study, only 16% had undetectable levels, reaching 60% in 36 months and 77% at the end of the study (Fig. 3A).

The TgAb trend in the positive TgAb and high Tg groups showed that the patients with the increasing trend of antibodies were from
31.7% to 12.5% in 36 months and 5.8% at the end of the study. Also, the patients with a declining trend of antibodies were from 65.7%
at the beginning of the study to 26% at 36 months and 11.7% at the end of the study. This decrease was due to the increase in the
percentage of patients with undetectable antibody levels. Also, the patients with a decreasing trend of antibodies were 65.7% at the
beginning of the study, 26% at 36 months, and 11.7% at the end of the study. This decrease was due to the increase in the percentage of
patients with undetectable antibody levels (from 3.17% at the beginning of the study to 62% in 36 months and 82% at the end of the
study). Also, this trend of change occurred mostly in 36 months (Fig. 3B).

The trend of TgAb in the positive TgAb and low Tg groups demonstrated that the increasing trend of antibodies in 31% of patients at
the beginning of the study changed to 12.5% at 72 months follow-up. Also, the decreasing trend from 21.9% at the beginning of the
study reached 6.25% in 72 months (the biggest decrease occurred in the first 36 months). The antibody levels of many of these patients
also reached undetectable levels during the follow-up period. As a result, 36.5% of this group had undetectable levels of antibodies at
the beginning of the study, while this amount reached 75% in 72 months (Fig. 3C).

The trend of Tg during follow-up is shown in Fig. 3. The results for the follow-up of the positive TgAb group indicated that the
patients with increasing Tg were 23% (n = 24) at the beginning of the study, 14.2% (n = 10) in 36 months, and 3.7% (n = 1) at the end
of the study. Patients with declining Tg were 53% (n = 56) at the beginning of the study, 17% (n = 12) in the 36 months, and 3.7% (n =
1) at the end of the study. The undetectable level of Tg increased from 19.23% at the beginning of the study to 54% at 36 months and
81.4% at the end of the study (Fig. 4A). In the follow-up of the negative TgAb group, the increasing trend of Tg in 27% of patients at the
beginning of the study reached 49.1% of patients in 36 months. Also, the declining trend of Tg in 42% of patients at the beginning of
the study reached 13% of patients in 36 months and 0% at the end of the study. All these patients showed an undetectable Tg level at
the end of the follow-up period, such that it was 31% at the beginning and 100% at the end of the study (Fig. 4B).

The trend of Tg changes in positive TgAb and high Tg groups was as follows: The proportion of patients with an increasing trend of
Tg was 30% at the beginning of the study to 5.8% at the end. In addition, the proportion of people with an undetectable trend of Tg
level increased from 11.11% at the beginning of the study to 36% at 36 months and 70.5% at the end of the study. The biggest change
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Fig. 3. TgAD trend in positive TgAb group, positive TgAb Tg high subgroup, and positive TgAb Tg low subgroup. Increasing and declining TgAb
trend decreases during 36 months, but undetectable levels increase.
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was in the first 36 months (Fig. 4C). The trend of Tg changes in the group of negative TgAb and high Tg. In this group, the proportion of
patients with the increasing trend of Tg was from 64% at the beginning of the study to 2.5% at 36 months and 0% at the end of the
study during the follow-up period. Also, the proportion of patients with decreasing trend of Tg was from 42% at the beginning of the
study to 22.5% in 36 months and 0% at the end. Notably, all these patients started to have negative Tg levels such that 100% of them
showed undetectable Tg levels at the end of the study (Fig. 4D).

Table 3
Univariate and multivariate analysis for predictors of recurrence in PTC patients.
Variable Recurrent
yes N (%) No N (%) Unadjusted OR (95%CI) Adjusted OR (95%CI)
TgAb
Negative 16 (32. 00) 84 (54.55) Referent Referent
Positive 34 (48.00) 70 (45.45) 2.55 (1.30-5.0) 3.84 (1.76-8.33)
Sex
Women 39 (78.00) 139 (90.26) Referent Referent
Men 11 (22) 15 (9.74) 2.61 (1.11-6.14) 1.09 (0.86-5.85)
Age
>55 years 46(92.00) 140 (90.91) Referent
<55 years 4 (8.00) 14 (9.09) 0.86 (0.27-2.77) -
Tumor size
>4 cm 49 (98.00) 147 (95.45) Referent -
<4 cm 46 (32.86) 28 (10.00) 0.42 (0.51-3.57)
Risk Stratification System
Low 5 (10.00) 47 (30.52) Referent Referent
Intermediate 16 (32) 59 (38.31) 2.54 (0.78-7.46) 2.71 (0.88-8.31)
High 29 (58.00) 48 (31.17) 5.67 (0.42-0.26) 5.62 (1.88-16.84)
Subgroup
TgAb negative-Tg Low 3(6.00) 38 (24.68) Referent Referent
TgAb negative-Tg High 13 (26.00) 46 (29.87) 3.57 (0.94-13.49) 3.08 (0. 75-12.65)
TgADb positive -Tg Low 11 (22.00) 30 (19.48) 4.64 (1.18-18.15) 6.96 (1.64-29.53)
TgAb positive -Tg High 23 (46.00) 40 (25.97) 7.28 (2.02-26.25) 8.90(2.29-34.51)
TNM stage
1 16(32.00) 68(44.16) Referent
2 21(42.00) 55(35.71) 1.62 (0.77-3.4) -
3 6 (12.00) 14 (9.09) 1.82 (0.6-5.47)
4 4 (14.00) 17 (11.04) 1.75 (0.62-4.92)
Stage
1 38 (76.00) 133 (86.36) Referent Referent
2 3(6.00) 15 (9.74) 0.7 (0.19-0.4) 0.52 (0.13-2.08)
3 9 (18.00) 6 (3.9 5.25 (1.75-15.67) 5.36(1.56-18.37)

CI: confidence interval.
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4.6. Assessment of factors affecting recurrence among PTC patients

Table 3 presents the factors affecting recurrence among PTC patients. As indicated, 32% and 48% of negative TgAb and positive
TgADb patients experienced recurrence, respectively. Accordingly, the adjusted odds ratio (AOR) of TgAb-positive patients was 3.84
times more, indicating the recurrence risk in positive TgAb patients was 3.84 times more than that of negative TgAb patients (AOR:
3.84 CI: 1.76-8.33). The univariate analysis results indicated age was not correlated with increased recurrence risk (OR: 0.86, 95% CI:
0.27-2.77). Moreover, the univariate analysis results revealed tumor size was not correlated with increased recurrence risk (OR: 0.42,
95% CI: 0.51-3.57). The adjusted odds ratio of male patients was 1.09 times more, indicating the recurrence risk among men was 1.09
times more than that of women (AOR: 1.09, 95%CI: 0.86-5.85). Analyzing the four subgroups showed recurrence in TgAb negative Tg
low group was only 6%, while it was 26% in TgAb negative Tg high group. The adjusted odds ratio analysis revealed recurrence in
TgADb negative Tg high subgroup was three times more; however, this correlation was not significant (AOR: 3.08, 95%CI: 0.75-12.65).
The recurrence risk in TgAb positive Tg low subgroup was approximately 7 times more than that in TgAb negative Tg low subgroup
(AOR: 6.96, 95%CI:1.64-29.53). The highest recurrence risk, with the odds ratio of 8.9, was observed in TgAb negative Tg high
subgroup, which was significant (AOR: 8.90, 95% CI: 2.29-34.51). The highest recurrence risk based on RSS was observed in high risks
compared to low risks, so that based on the adjusted odds ratio, it was 5 times more (AOR: 5.62, 95%CI: 1.88-16.84). The univariate
analysis results showed TNM stage was not correlated with increased recurrence risk. The highest recurrence risk with the odds ratio of
5.62, was observed in stage 3 patients. This odds ratio shows that the risk of recurrence in stage 3 patients was more than 5 times that of
stage 1 patients (AOR: 5.36, 95% CI: 1.56-18.37) (Table 3). We depicted an ROC curve to specify a cut-off point for the high TgAb to
predict the possibility of recurrence. The area under the ROC curve (AUC) was 68.95% for the positive TgAb group (Fig. 5), which was
above the 50% standard reference line. Since the test precision is above the 50% cut-off point for positive TgAb, the possibility of
recurrence could be reliably and adequately evaluated. From the available TgAb level cut-off values, the cut-off value, i.e., at TgAb =
409 IU/ml (Sensitivity = 61%; Specificity = 70%), was considered the best cut-off value.

5. Discussion

The follow-up examination of patients with PTC due to the interference of thyroglobulin level and the thyroglobulin antibody has
been among the challenges of researchers and therapists in recent years. Accordingly, the present study attempted to determine factors
for predicting the prognosis and clinical course. The results showed that patients with high TgAb levels (especially in the case of
concomitant high thyroglobulin levels) had a worse prognosis and a more severe clinical course than the control group with low
antibody levels. Besides, patients in the positive TgAb and high Tg group significantly experienced a higher recurrence rate during the
follow-up and a lower number with class 1 cancer. Also, the 36-month follow-up showed a significant difference in the recurrence rate
between positive TgAb and negative TgADb groups. The highest rate of relapse in the first 36 months in the group with high Tg can point
to the diagnostic and predictive value of a high Tg level in the presence of positive antibodies. Moreover, the declining and increasing
trends of thyroglobulin antibodies have decreased over 36 months while it increased to an undetectable number.

The current study included a wide age range from Youth to the elderly, most of whom were women. Like numerous previous
studies, most patients with PTC were female [17,23,24].
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Fig. 5. ROC curve showing diagnostic accuracy of the positive TgAb level to detect recurrence during the follow-up. Area under curve
(AUC): 68.9%.
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The results showed that patients with positive TgAb and high-Tg groups had a higher recurrence rate during follow-up and a lower
number rate in class I final cancer. This finding suggests a significant effect of antibody levels on the outcome of patients with PTC. In
line with this study, Jia et al. showed a higher risk of PTC malignancy among positive TgAb patients [25]. Also, changes in TgAD levels
in the first year after surgery can predict the risk of persistence/recurrence of positive TgAb patients with PTC [26]. Besides, the
negative titers of TgAb at 1 year may be associated with an excellent prognosis [18].

Detecting TgAbs perioperative associates with a higher rate of extrathyroidal extension and aggressive histological features [19].
Tsushima et al. show that patients with postoperative TgAb higher than half of the preoperative values had a poorer prognosis than
those whose postoperative TgAb was less than half of the preoperative values levels [16].

In another study, Turanli and Mersin reported that TgAb positivity had no predictive value for persistence or recurrence in patients
with PTC [27]. The difference between this result and those of us can be attributed to the small number of patients with positive
antibodies in this study. In addition, the results of the present study showed that the highest recurrence rate was in the group with high
Tg (high-risk level group) and the first 36 months. In agreement with the present study, an ascending trend in TgAb justifies further
investigation to detect recurrent disease. On the other hand, declining or stable TgAb levels do not seem to reflect a risk for recurrence
[23].

The patients with stable or declining TgAb without a concomitant rise in Tg developed a recurrence. Four patients suffered a
recurrence. Three of these patients had a rising Tg-Ab trend, with 2 having an undetectable Tg [23]. Yamada et al. showed that in a
follow-up period of 35 months, 12 patients had PTC recurrence and 11 showed TgAb increase later than 1 year after surgery and
postoperative Tg positivity [24]. In terms of the declining and increasing TgAb trend during follow-up, Bueno et al. reported that
changes in TgAb levels over time are more instructive than an absolute TgAb value at a sole time point in predicting structural
incomplete response in patients with DTC after I therapy [28]. Previous studies also showed that the recurrence rate of patients who
had a high TgAb level from the beginning or experienced some degree of increase in TgAb during follow-up was significantly higher
[25,29]. In this respect, a study showed that pediatric patients with declining or increasing TgAb usually have invasive clinicopath-
ologic factors, such as high initial risk stratification and extra-thyroidal extension. This finding shows that the TgAb trend links with
invasive clinicopathologic features in pediatric PTC patients [30].

Therefore, we can assume that changes in TgAb levels could be a prognostic factor in patients with PTC from another viewpoint.
Based on the results of this study, the groups with positive TgAb and high Tg groups and low TgAb and high Tg groups had higher
cumulative doses and number of received iodine and a greater number of surgical treatments, suggesting more resistance of these two
groups to treatment. A previous study showed a significant relationship between the number of courses for '3'I therapy and the number
of thyroid surgeries in pediatric PTC patients [30] and adult patients [13] with high TgAb and high Tg group.

One of the limitations of this study was the impossibility of a complete follow-up of some patients for 108 months. However, most
antibody negativization and relapses occurred within 36 months, and some patients had not yet completed their follow-up. One of the
strengths of this study was the long-term duration of the patient’s follow-up, having a control group, having 4 subgroups, comparing all
subgroups together, and investigating the simultaneous effect of antibody and thyroglobulin levels. Also, the trends of TgAb and Tg
were evaluated during the follow-up.

In conclusion, the current study indicated that a high level of TgAb in patients with PTC predicts a more severe course and a worse
prognosis and can be one of the danger signs for the recurrence of the disease. In case of the simultaneous increase in Tg and TgAD, the
risk of recurrence increases, and the presence of Tg becomes prominent. In this study, most antibody and thyroglobulin negativization
and recurrence cases occurred within 36 months. Hence, it is recommended to follow up on these patients with regular tests and
imaging and monitor them during the first 36 months after thyroidectomy. After this period, the follow-up and examinations depend
on the continuation of the treatment process in case of response or non-response to treatment, recurrence, and clinical evidence.
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