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Objective This study aimed to assess the usefulness
of thyroglobulin (Tg) after radioiodine (RAI) therapy

in predicting excellent response (ER) to therapy in
postoperative differentiated thyroid cancer (DTC).

Methods A retrospective observational study was
conducted on postoperative DTC patients who underwent
RAI from August 2018 to December 2022. Various factors
were analyzed to predict ER to treatment. This involved Tg
under stimulation (sTg) before RAI, Tg immediately (imTg)
112 h post-RAl and imTg/sTg(rTg). Based on the efficacy
of RAI, patients were categorized into two groups: ER and
non-ER (NER). Univariate logistic analysis was utilized to
compare parameters between the two groups, followed by
binary logistic regression analysis on factors associated
with ER. Receiver operating characteristic (ROC) curves
were employed to evaluate the sensitivity, specificity, and
optimal diagnostic cutoff points for parameters affecting
ER.

Results The analysis included 45 ER patients and 56
NER patients. Statistical significance was found in the
binary logistic regression analysis for the number of

Introduction

Differentiated thyroid cancer (D'T'C) generally boasts a
favorable prognosis [1], with a 93% 10-year survival rate.
Nonetheless, approximately 30% of patients encounter
recurrence or metastasis, underscoring the necessity for
ongoing and vigilant monitoring. Thyroglobulin (Tg),
derived from thyroid follicular epithelial cells, plays a
pivotal role in the synthesis and release of thyroid hor-
mones, maintaining the body’s normal physiological
functions [2]. T'g is released not only by normal thyroid
tissue but also by thyroid cancer cells and their meta-
static lesions. While T'g remains stable in normal thyroid
tissue, its levels significantly rise after the occurrence of
thyroid tumors, potentially linked to the proliferation of
thyroid cancer cells and the loss of follicular structures
[3,4]. The established normal reference range for T'g is
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lymph nodes in the lateral cervical region (P=0.016), sTg
(P=0.021), and rTg (P < 0.001) concerning ER. ROC curve
analysis revealed that the rTg area under the curve was
0.845, with an optimal cutoff value of 11.78, sensitivity of
82.6%, and specificity of 74.5%.

Conclusion Post-RAI therapy, significant value is
demonstrated by rTg with high sensitivity and specificity.
This provides a foundation for the evaluation and
decisions about DTC treatment in advance. Nuc/ Med
Commun 46: 146-151 Copyright © 2024 The Author(s).
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1.40-78.00 pG/L.. As serum Tg exclusively originates
from thyroid or thyroid cancer tissue, it serves as a cru-
cial indicator in the treatment and follow-up of D'TC

[5].

Typically, individuals with D'TC undergo radioiodine
(RAI) therapy postsurgery to eliminate normal thyroid
tissue, diminish the risk of recurrence, and enhance
the sensitivity and specificity of monitoring tools
[6,7]. Currently, assessing the efficacy of RAI therapy
involves discontinuing thyroid hormone tablets after 6
months of treatment to stimulate thyroid-stimulating
hormone (TSH) and subsequently measuring thyroid
function and conducting a "*'I whole-body scan (WBS)
[6]. Presently, most studies focus on Tg levels or the
T'g to TSH ratio under TSH stimulation after subtotal
thyroidectomy or before "'l treatment. Additionally,
T'g levels under TSH inhibition are explored to eval-
uate disease status and predict the effectiveness of
iodine therapy [8-10]. While Tg under stimulation
(sT'g) reflects the patient’s disease status, it does not
indicate the treatment’s effectiveness. Currently, no
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research article in China addresses the changes in Tg
within 1 week after "*'I treatment and its response to
iodine therapy.

In theory, following RAI therapy, thyroid tissue and met-
astatic thyroid cancer cells should absorb 'I. As a con-
sequence of radiation effects, both thyroid and tumor
cells are expected to undergo destruction, leading to the
release of T'g stored in the tissue into the bloodstream,
causing a transient increase in T'g levels [11].

Some articles have reported that elevated serum Tg
level after RAI therapy is a good indicator for predicting
treatment outcomes. These researches have examined
the significant rise in T'g levels at 48 h, 3 days, 5 days,
9 days, and 14 days post-RAI therapy [11-14]. Changes
in T'g levels indicate the patient’s response to RAI ther-
apy and predict therapeutic efficacy. However, the num-
ber of cases studied was small, and related influencing
factors were not controlled. There are few cutoff points
for measuring Tg after ' treatment, and there is a lack
of research on the dynamic changes of Tg increase and
decrease after RAI therapy. It is difficult to determine the
optimal T'g cutoff value for predicting the effectiveness
of RAI therapy and the patient’s condition.

As cellular recovery has been identified at day 5 after
radiation damage [15], and taking into account the inves-
tigation of the maximum time point for the increase in T'g
levels and the necessities of clinical practice, this study
measured the serum T'g levels of patients at 112 h (4 days
and 16 h) post-RAI therapy. By investigating the changes
in serum T'g levels, this study addresses the current gap
in research on Tg alterations after iodine treatment in
China. A comparison with the traditional monitoring of
T'g and iodine scan results under TSH stimulation or
inhibition after 6 months was conducted. The study aims
to explore the predictive value of serum Tg levels at
112 h post-RAI therapy, providing insights into patients’
responses to RAI therapy and predicting long-term treat-
ment effects in advance. This approach secks to offer
more reliable evidence-based medical information for
patients to formulate accurate treatment plans.

Methods

General data: patient selection

A retrospective observational study was conducted,
involving 101 patients diagnosed with D'T'C who under-
went their initial RAI therapy at our hospital from August
2018 to December 2022. Inclusion criteria comprised
patients who underwent total thyroidectomy or subtotal
thyroidectomy, expressed willingness for RAI therapy,
and agreed to follow T'SH suppression therapy post-RAIL
Additionally, patients underwent RAI therapy 1 month
after surgery, abstained from thyroid hormone tablets
for a minimum of 3 weeks, adhered to a low-iodine diet,
and maintained TSH stimulation (T'SH > 30 mIU/L).
Exclusion criteria included the presence of local or
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distant metastatic lesions revealed through medical
image examinations [*'T WBS after RAI therapy, diag-
nostic WBS, neck ultrasound, chest computed tomog-
raphy (CT)], TgAb (anti-thyroglobulin antibodies)
positivity (TgAb > 115.00 kIU/L)) [16], Tg measure-
ments exceeding the specified limits, and incomplete
clinical data. This study adheres to the principles of the
Helsinki Declaration and has undergone ethical review
at our institute.

Data collection

Operative pathological data included the presence of
goiter, Hashimoto’s disease, tumor deposit, extraglandu-
lar invasion, capsule invasion, single or multiple lesions,
maximum tumor diameter, and the number of metastatic
lymph nodes (LN no.) in central and lateral regions.

Imaging data comprised ultrasonography and CT scans
of the neck and chest without contrast 1 day before RAI
therapy, *'I WBS on day 4 post-RAI therapy. SPECT/
CT (Infinia Hawkeye, GE Healthcare, Milwaukee,
Wisconsin, USA) used gamma camera equipped with
high-energy collimators and 3/8inch Nal crystals.
Anterior and posterior WBS were acquired at a speed
of 10 cm/min using a 1024 x 256 matrix and a 364 keV
photopeak with a 10% window and diagnostic WBS or
neck ultrasound 6 months post-RAI therapy. Ultrasound
measurements were utilized to assess the residual thy-
roid dimensions.

Thyroid function tests encompassed serum levels of
free tritodothyronine (F'T3), free tetraiodothyronine
(F'T4), TSH, TgAb, and Tg on 1 day before RAI ther-
apy, designated as sF'1'3, sk'T4, sTSH, sTgAb, and sTg.
On 112 h + 20 min post-RAI therapy, immediate serum
thyroid function tests were conducted, designated as
(mFT3, imFT4, imTSH, imTgAb, and imTg), with
Tg changes represented by dTg=imTg-sTg. The
T'g change rate was calculated as r'I'g = imT'g/sTg. Six
months post-RAI therapy, serum thyroid function tests
were performed under T'SH stimulation or inhibition.

Thyroid function tests were conducted using electro-
chemiluminescence immunoassay with reagents pro-
vided by Roche, Switzerland. Normal reference values
were set as follows: Tg: 1.40-78.00 pG/L, T'SH: 0.27-
4.20 mIU/L, TgAb: 0.00-115.00 kIU/L..

Outcome

According to the 2015 ATA guidelines [6], criteria for the
excellent response (ER) group were determined through
a comprehensive analysis of serological (T'g, TgAb) and
imaging (neck ultrasound, chest C'T,and BITWBS) results
obtained during regular follow-ups. Meeting the follow-
ing two points classified a case as ER: negative imaging
and either suppressed Tg <0.2 ng/ml or sTg <1 ng/ml.
For the non-excellent response (NER) group, judg-
ment criteria included three situations: indeterminate
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possible parameters that affect excellent response or non-excellent response

Parameters based on differentiated thyroid cancer patients and postoperative routine pathology: univariate analysis comparing

Parameters Total ER NER Y2IFlu P value
Sex, M/F 18/83 6/40 12/43 1.317% 0.251
Age (years) 43+11.59 43.41 £10.47 42.65+12.54 0.580° 0.745
Goiter (yes/no) 57/44 28/18 29/26 0.675° 0.411
Hashimoto's disease(yes/no) 21/80 11/35 10/45 0.500% 0.480
Tumor deposit (yes/no) 8/93 1/45 7/48 3.825% 0.050*
Single/multiple lesions 41/60 21/25 20/35 0.896° 0.344
Extraglandular invasion (yes/no) 10/91 4/42 6/49 0.138% 0.711
Capsule invasion (yes/no) 44/57 18/28 26/29 0.675% 0.411
Maximum tumor diameter 0.8 (0.60, 1.50) 0.70 (0.50, 1.00) 1.00 (0.70, 2.00) —3.145° 0.002**
LN no. in central regions 2.00 (1.00, 4.00) 2.00 (1.00, 3.25) 3.00 (1.00, 4.00) —1.551¢ 0.121
LN no. in lateral regions 0.00 (0.00, 2.00) 0.00 (0.00, 0.25) 1.00 (0.00, 4.00) —3.174° 0.002**
Total LN no. 3.00 (1.00, 6.00) 2.00 (1.00, 4.25) 4.00 (2.00, 8.00) —2.732° 0.006**
Residual thyroid (I x w X h) 0.00 (0.00, 1.00) 1.00 (0.00, 1.00) 0.00 (0.00,0.00) —2.950 0.003**
%" dosage (mCi) 100.00 (80.00, 100.00) 100.00 (80.00, 100.00) 100.00 (80.00, 100.00) —1.437° 0.151
sTg (uG/L) 9.48 (2.05, 18.73) 6.32 (0.86, 14.45) 13.15 (3.45, 30.42) —2.741° 0.006**
imTg (UG/L) 109.50 (11.79, 500.00) 323.15 (9.97,500.00) 61.99 (7.27, 246.10) —2.249° 0.025*
dTg (UG/L) 76.00 (4.67, 473.67) 314.90 (19.20, 491.96) 35.10 (2.08, 212.53) —3.045° 0.002**
g 12.09 (3.36, 32.88) 26.75 (14.57, 71.02) 4.04 (1.60, 12.64) —5.953° <0.001**

dTg =imTg — sTg, rTg =imTg/sTg, | X w x h length x width x height.

ER, excellent response; imTg, Tg immediately 112 h post-RAI; LN no., number of metastatic lymph nodes; M/F, male/female; NER, non-excellent response; RAI, radioio-

dine; sTg, Tg under stimulation.

22 value.
®F value.
u value.
*0.01 <P<0.05.
*P<0.01.
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Differences between ER and NER. rTg:imTg/sTg. ER, excellent response; imTg, Tg immediately; NER, non-excellent response; sTg, Tg under

stimulation.

response (IDR), biochemical incomplete response
(BIR), and structural incomplete response (SIR). IDR
indicates nonspecific findings on imaging studies, faint
uptake in thyroid bed on RAI scanning, 1 pG/L. < sTg
< 10 pG/LL or 0.2 pG/L. < suppressed Tg < 1 pG/L or
T'gAb stable or declining in the absence of structural
or functional disease. BIR indicates negative imaging

and sTg >10 pG/L. or suppressed T'g >1 pnG/L,, or con-
tinuous TgAb increase. SIR encompassed structural or
functional imaging positivity at any Tg+ or TgAb= level.
The results underwent independent analysis by two
attending physicians with over 5 years of experience in
the nuclear medicine department. Disagreements were
resolved through discussion, and in cases of persistent
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Table 2 Binary logistic regression analysis: assessment of significant variables influencing excellent response

OR (95% Cl)
Parameters Classification P value OR Lower Upper
LN no. in lateral regions 0.016 1.711 1.106 2.645
sTg 0.021 1.065 1.009 1.123
g <0.001 0.917 0.873 0.962

rTg = imTg/sTg.

Cl, confidence interval; imTg, Tg immediately; LN no., number of metastatic lymph nodes; OR, odds ratio; sTg, Tg under stimulation.
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ROC curve of the relationship between imTg, dTg, and rTg and ER.
imTg Tg immediately 112 h post-RAl, dTg = imTg — sTg, rTg =imTg/sTg.
ER, excellent response; imTg, Tg immediately; RAI, radioiodine; ROC,
receiver operating characteristic; sTg, Tg under stimulation.

disagreement, the results were submitted to a chief phy-
sician for a final ruling.

Statistical analysis

Statistical analysis utilized SPSS 29.0.1.0 statistical
software (IBM Corp., Armonk, New York, USA). The
Kolmogorov-Smirnov normality test was applied initially.
Data conforming to normal distribution were presented
as mean =+ SD, whereas nonnormally distributed data
were presented as median (p25 and p75). Independent
sample 7-test, chi-square analysis, and Mann-Whitney U
rank sum tests were employed to compare statistical dif-
ferences between the two groups. Binary logistic regres-
sion analysis (forward: conditional) assessed significant
variables influencing ER. Receiver operating characteris-
tic (ROC) curve analysis identified statistically significant
(P < 0.05) parameters, determining the area under the
curve (AUC), P-value, cutoff value, sensitivity (%), and

specificity (%). The threshold for statistical significance
was set at P <0.05.

Results

General information of patients and univariate analysis
comparing possible parameters that affect excellent
response or nonexcellent response

A total of 101 patients with D'TC underwent RAI therapy
for postsurgical thyroid ablation, with 45 were classified in
the ER group and 56 in the NER group. Patient and thy-
roid carcinoma characteristics are summarized in Table 1.
Univariate analysis was conducted to compare poten-
tial parameters influencing ER or NER, and the results
are presented in Table 1. Statistical differences were
observed in the presence or absence of tumor deposit and
imT'g between the two groups (P < 0.05). Moreover, sig-
nificant variations were noted in the maximum diameter
of the tumor, LN no. in lateral regions, total number of
LN no., residual thyroid (length x width x height), sTg,
dTg, and r'T'g, all with P <0.01.

Binary logistic regression analysis

Binary logistic regression analysis was performed on
meaningful parameters identified in the single-factor
analysis. Of the nine candidate variables, r'T'g retained
strong statistical significance, with a P-value of less than
0.001. The median of rTg, illustrating the difference
between ER and NER, is depicted in Fig. 1. LN num-
ber in lateral regions and sTg exhibited P-values ranging
between 0.05 and 0.01, demonstrating statistical signifi-
cance, as summarized in Table 2.

Receiver operating characteristic curve analysis
Continuous variables, including the maximum diame-
ter of the tumor, LN number in lateral regions, total LN
number, residual thyroid (I x w x h), sTg, imTg, dTg,
and r'T'g, were categorized based on cutoff values through
ROC curve analysis. The analysis aimed to identify sta-
tistically significant parameters and determine AUC,
P-value, sensitivity (%), and specificity (%). ROC curve
analysis revealed the following outcomes: rI'g demon-
strated the most favorable statistical value in predicting
successful ablation, exhibiting 82.6% sensitivity and
74.5% specificity with a cutoff of 11.78 (AUC = 0.845).
Parameters with lower AUC values are not presented
(Fig. 2 and Table 3).
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Table 3 Receiver operating characteristic curve analysis of continuous parameters related to excellent response

Diagnosis index AUC Cutoff Sensitivity 1-specificity Youden index
imTg 0.630 287.75 0.522 0.182 0.340
dTg 0.676 292.12 0.522 0.164 0.358
g 0.845 11.78 0.826 0.255 0.572

dTg =imTg — sTg, rTg = imTg/sTg.
imTg, Tg immediately 112 h post-RAI; RAI, radioiodine; sTg, Tg under stimulation.

Discussion

"T'his study highlights a substantial elevation in Tg lev-
els post-RAI therapy. The novel metric, rT'g, derived
from comparing Tg values at 112 h to those before RAI
therapy, demonstrated notable sensitivity and specificity
in predicting a positive response to RAI therapy. This
contrasts with the limited predictive value observed for
sT'g in assessing thyroid residual ablation efficacy. Earlier
studies [17,18] often failed to exclude patients with
distant metastasis, leading to elevated sTg levels and a
poorer treatment response. Consequently, in our study,
clevated sTg did not accurately reflect the response to
RAI therapy in the cohort of D'T'C patients who were free
from metastasis.

Currently, most research focuses on T'g levels under stim-
ulation before iodine therapy [9,19]. The levels of Tg
under T'SH stimulation in postoperative D'T'C patients
may be linked to residual thyroid tissue volume and dis-
ease status pre-RAI therapy. However, these levels are
not directly associated with the treatment response. At
this juncture, Tg originates from both normal thyroid
tissue and thyroid cancer cells, offering insights into
residual thyroid tissue volume and the thyroid cancer
situation [18]. While this indirect information proves val-
uable in predicting RAI therapy outcomes, it falls short
in directly reflecting the response to radiation therapy,
highlighting a limitation in predicting the effectiveness
of RAI therapy.

Apoptosis in thyroid tissue subsequent to radiation
therapy results in damage to cell membrane integrity
[20,21]. The findings indicate that the release of T'g in
thyroid tissue post-RAI therapy contributes to an acute-
phase elevation in Tg levels. Consequently, imT'g offers
valuable insights into RAI ablation efficacy on residual
thyroid tissue postsurgery. Previous studies observed
a significant increase in 'T'g levels 48 h after RAI ther-
apy, with a median increase of 6.8 ng/ml and a 1.3 times
median increase in r'I'g in patients without distant
metastasis [12]. Similarly, in a study 3 days after RAI
therapy, the average T'g levels increased to 62.7 ng/ml,
with a remarkable 31.2 times average increase in r'l'g
observed in the successful ablation group. Contrarily,
no significant difference in imT'g was noted between
the successful ablation and residual tissue groups
[13]. A 5-day post-RAI therapy study demonstrated
that rT'g increased by 14.8 times in all patients stud-
ied. Unfortunately, the Tg changes in the successful

ablation group were not provided [14]. The findings
of this research align closely with the aforementioned
results, indicating that the median imT'g level for all
patients, irrespective of grouping, was 109.5 ng/ml,
with a median rT'g that was 12.09 times this value.
Furthermore, in the ER group, the imT'g level escalated
to 323.15 ng/ml, accompanied by a median r'T'g that was
26.75 times greater. The elevation in Tg after RAI ther-
apy is influenced by the size of residual thyroid tissue,
with more thyroid tissue leading to higher Tg release
through destruction and subsequently higher imTg
values [10]. To mitigate the impact of residual thyroid
volume, a ratio, r'I'g, was introduced, providing a better
indication of the extent of thyroid response to RAIL. A
high r'T'g signifies early T'g release from residual thyroid
tissue, indicating early tissue destruction and a positive
response to RAI treatment [11]. The study suggests that
'T'g is a specific indicator of RAI treatment response,
surpassing s'T'g as a marker of residual thyroid tissue.
The optimal predictive value for r'T'g in this study was
11.78, slightly lower than a reference literature [13] with
r'T'g (cutoff 212.0) as a significant predictor of successful
ablation. However, the area under the ROC curve and
sensitivity are higher than the reference literature.

Our research has certain limitations. This article did not
delve into the impact of T'SH levels on Tg, and varying
doses of *'T administered to patients may also influence
T'g changes. To calculate r'T'g, some data with T'g meas-
urements below the minimum value were excluded.
Additionally, our study did not encompass investigations
on metastatic patients. Notably, ongoing research on T'g
heterogeneity presents a promising avenue for distin-
guishing differences between normal thyroid tissue and
tumor tissue [22]. In the future, our research will take
these factors into account and seek more robust indica-
tors to predict treatment response.

The clinical significance of this study includes (1) inves-
tigating changes in serum Tg levels at 112 h after RAI
therapy in patients with D'T'C and (2) exploring the cor-
relation between 1r'T'g and the prognosis Of RAI therapy,
determining the optimal predictive cutoff point for r'T'g.
This enables short-term evaluation of treatment efficacy
following RAI therapy, enabling timely formulation of
effective treatment. It is expected to replace the tradi-
tional prediction method that can only be conducted 6
months after RAI therapy, thereby reducing the time
needed for efficacy and alleviating the economic burden.
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