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I-131 uptake and serum thyroglobulin levels: 
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Abstract 

Background I-131 treatment (RAI) decision relies heavily on serum thyroglobulin (Tg) levels, as higher Tg levels 
are assumed to be correlated with higher I-131 uptake. Tg elevation, negative iodine scintigraphy (TENIS) definition 
is becoming more clinically relevant as alternative treatment methods are available. This study examined the cor-
relation between Tg levels with I-131 uptake in remnant thyroid gland to evaluate the reliability of serum Tg levels 
in predicting I-131 uptake.

Methods From March 2012 to July 2019, 281 papillary thyroid cancer patients treated with 150 mCi RAI were retro-
spectively enrolled. Early (2nd day) and Delayed (7th day) post-RAI whole-body scan (WBS) neck counts were cor-
related with clinical and pathologic findings. Patients with normal neck ultrasound and undetectable level of serum 
Tg (< 0.2 ng/mL) and thyroglobulin antibody (TgAb) (< 10 IU/mL) were defined as ablation success within 2 years 
after I-131 ablation.

Results Thyroid gland weight, tumor size and thyroiditis were independent factors of preoperative serum Tg lev-
els. Serum off-Tg levels correlated with Early and Delayed WBS neck counts, and thyroiditis pathology contributed 
to lower neck counts in both Early and Delayed WBSs. In multivariable analysis, Delayed WBS neck count, serum off-Tg 
and off-TgAb were significant factors for predicting ablation success.

Conclusion I-131 uptake and retention in remnant thyroid gland correlates with serum off-Tg levels, thyroiditis, 
and ablation success in thyroid cancer patients receiving high-dose I-131 therapy. Semi-quantitative I-131 analysis 
with Early and Delayed WBSs provides additional information in evaluating ablation success, with the potential appli-
cation for metastasis treatment response evaluation.

Keywords Radioiodine ablation, Papillary thyroid carcinoma, Thyroiditis, I-131 ablation

†Sang Hyun Hwang and KwanHyeong Jo contributed equally to this work.

*Correspondence:
Arthur Cho
ARTYCHO@yuhs.ac
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40644-024-00664-0&domain=pdf


Page 2 of 10Hwang et al. Cancer Imaging           (2024) 24:21 

Introduction
Post-operative surveillance for thyroid cancer is heavily 
dependent on serum thyroglobulin (Tg) levels. The cur-
rent American Thyroid Association guidelines recom-
mends periodical serum Tg measurements after total 
thyroidectomy along with thyroglobulin antibody (TgAb) 
and thyroid stimulating hormone (TSH) measurements 
combined with ultrasonogram for structural recurrence 
evaluation  [1]. High-dose I-131 therapy (≥ 100  mCi) is 
recommended for high-risk patients, as it reduces recur-
rence rate and increases patient survival [2, 3] with the 
additional benefit of higher ablation success rates, which 
results in more reliable evaluation of serum Tg levels 
[4]. Excluding structural recurrence, clinicians depend 
mostly on rising serum Tg levels to determine repeat 
radioactive iodine (RAI) therapy. However, there are lim-
itations of relying only on serum Tg levels, as the reliabil-
ity of Tg measurements in patients with elevated TgAb 
is reduced, and also considering that some patients are 
Tg seronegative despite I-131 positive whole body scans 
(WBS). Therefore, the evaluation of clinical factors influ-
encing I-131 uptake and serum Tg levels may be helpful, 
especially as lenvatinib is indicated for RAI-refractory 
(RAI-R) thyroid metastasis, of which I-131 uptake and 
serum Tg levels has not been clearly defined [5, 6].

A clinical unmet need in repeated I-131 treatment 
decision is the discordance between I-131 uptake on 
WBS and serum Tg levels in the absence of structural 
evidence of metastasis. Major factors contributing to 
this discordance are biologic factors, such as loss of 
iodine organification ability, de-differentiation resulting 
in reduced sodium iodide symporter (NIS) expression, 
and physical limitations of low resolution of I-131 WBS. 
Without biopsy of each metastatic site, it is difficult to 
determine which factors contribute to the discordance 
between I-131 uptake on WBS and serum Tg levels in 
metastatic lesions. However, it is possible to evaluate the 
concordance between I-131 uptake with serum Tg levels 
by evaluating I-131 uptake in the remnant thyroid gland 
during remnant thyroid gland ablation. This will over-
come the previously mentioned limitations in metastasis 
evaluation, as the remnant thyroid gland retains original 
thyroid gland functionality and I-131 soft tissue attenu-
ation is minimal because of similar depth of the rem-
nant thyroid gland. An analysis on serum Tg levels, I-131 
uptake in functioning remnant thyroid gland, and patho-
logic specimen findings may provide additional informa-
tion on the reliability of I-131 uptake on WBS with serum 
Tg levels.

This study aimed to correlate I-131 uptake in the 
remnant thyroid gland with TSH-stimulated Tg levels 
(off-Tg) and evaluate available clinical and pathologic 
findings that may influence RAI ablation success in a fully 

functional thyroid gland in real-world clinical setting, 
which may be helpful in determining repeat I-131 treat-
ment in thyroid cancer RAI ablation or metastasis.

Materials and methods
Patient selection and follow‑up
Patient selection was targeted at controlling factors that 
influence I-131 uptake and retention. We selected only 
patients receiving high-dose I-131 ablation (150 mCi) to 
control for administrated dose and thyroid uptake. We 
also selected patients who received post-ablation I-131 
WBS on the 2nd day and 7th day post-administration to 
control for changes in biodistribution on different days 
of WBS scan during semi-quantitative evaluation of 
I-131 retention. To fully correlate serum Tg levels with 
I-131 uptake in the remnant thyroid gland, we excluded 
all patients who had metastasis during I-131 WBS or 
newly developed metastasis during the follow-up period. 
Additionally, we included patients who had pre-opera-
tive serum Tg levels, thyroid weight, and tumor size on 
pathologic reports, in order to evaluate whether there is 
a correlation between serum Tg levels and thyroid gland 
size.

From March 2012 to July 2019, a total of 1,319 patients 
were admitted to our hospital for high-dose (150  mCi) 
I-131 ablation. Of these patients, 1,066 patients had 
WBS on the 7th day, and 706 of these patients had WBS 
on the 2nd day. Of these 706 patients, 47 patients were 
excluded due to administration of recombinant human 
TSH, 80 patients were excluded as these patients received 
prior I-131 therapy, 89 patients were excluded for hav-
ing > 150 mCi I-131 re-treatment for metastasis, and 130 
patients were excluded due to insufficient data for fol-
low-up (either less than 6 months of follow-up or fewer 
than two times of follow-up measurements). Finally, 79 
patients were excluded for insufficient pre-operative data 
(nine patients for no preoperative serum Tg, 66 patients 
for no thyroid gland weight on pathologic report, and 
four patients for no iodine/creatinine ratio). Finally, this 
study enrolled 281 patients who had no known metasta-
sis, received first I-131 therapy, and had follow-up serum 
TSH, Tg, and TgAb level detected for at least 2 years at 
approximately 6-month interval as routine clinical fol-
low-up protocol. The patients’ TNM stage, serum TSH, 
Tg, and TgAb levels acquired on ablation day, and lym-
phocytic thyroiditis determined on pathologic slides 
were recorded. Successful thyroid remnant ablation 
(golden standard) was defined as no structural lesion on 
neck ultrasound and undetectable serum Tg levels dur-
ing levothyroxine administration (on-Tg) (< 0.2  ng/mL) 
and TgAb (< 10  IU/mL) between 6  months and 2  years 
after treatment. The institutional review board of our 
university approved this retrospective study, and the 
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requirement to obtain informed consent was waived (IRB 
approved no. 4–2021-0257).

Radioactive‑iodine remnant ablation protocol
Before RAI remnant ablation therapy, all patients discon-
tinued levothyroxine supplement for 5 weeks with triio-
dothyronine replacement for the initial 3 weeks. Patients 
underwent strict iodine restriction diet for 2  weeks 
before I-131 administration, which ended 3  days after 
RAI administration. TSH levels were confirmed to be at 
least 30 mIU/L before admission. All patients underwent 
two post-RAI WBSs after hospital discharge. The first 
WBS was performed on the day of discharge (2nd day 
after I-131 administration; Early scan) and on the 7th day 
after I-131 administration (Delayed scan).

Post‑RAI whole body scan analysis
Early and Delayed post-RAI WBSs were acquired using 
a gamma camera equipped with a high-energy parallel 
hole collimator (Infinia, GE Medical Systems, Milwau-
kee, WI, USA). Early and Delayed scans obtained from 
a total of 281 enrolled patients were analyzed. The count 
of these two scans was measured by Xeleris workstation 
(GE Medical Systems) using the following method: A 
circular region of interest (ROI) was drawn on the neck 
on the Early scan to encompass the remnant thyroid, 
and the same size ROI was copied and pasted onto the 
neck of the Delayed scan. The same sized ROI was used 
for all patients, and the total counts in each ROI was 
recorded. Also, since the whole body counts were higher 
at Early scan compared to Delayed scan, Early WBS scan 
was acquired faster than Delayed scan. To compare the 
thyroid uptake in Early scan compared to Delayed scan, 
both Early scan speed and Delayed scan speed were 
factored into analysis. This was done by first record-
ing the scan speed on DICOM header (Tag (0008,0008), 
which records scan speed as mm/sec), and then dividing 
the neck ROI counts by scan speed for both Early and 
Delayed scans. Finally, Early scan counts were decay cor-
rected to Delayed scan. This was done using the following 
formula:

Finally, the reduction ratio was calculated using the fol-
lowing formula: (Delayed WBS neck count—Early WBS 
neck count)/Early WBS neck count * 100.

Statistical analysis
Pearson’s chi-square test or linear-by-linear associa-
tion test was used to compare differences in qualitative 

Decay corrected Activity(counts) = Ao Early scan counts × e
−

0.693
8.04 ×Time

Time = (day interval between Early andDelayed scan)

variables, and Mann–Whitney U test or Kruskal–Wal-
lis test was used to compare differences in continuous 
variables. Simple and multiple regression analyses were 
performed to evaluate the factors influencing preopera-
tive serum Tg levels. Serum off-Tg level were categorized 
with quartile, and Early and Delayed WBS neck counts of 
each group were compared by Kruskal–Wallis test and 
Dunn’s post-hoc analysis. Early and Delayed WBS neck 
counts were divided into quartiles and evaluated. Univar-
iable and multivariable logistic regression analyses were 
performed to evaluate the prediction of ablation success. 
P values less than 0.05 were on univariable analysis were 
included in the multivariable analysis. With respect to 
post-RAI WBS parameters, receiver-operating charac-
teristic (ROC) curve using Youden index was performed 
to determine the cut-off values for predicting ablation 
success. DeLong test was used to compare the difference 
between the area under the ROC (AUROC) curve of dif-
ferent models. Factors significantly associated with abla-
tion success in the univariable analysis were selected for 
constructing a nomogram. The Hosmer–Lemeshow test 
and calibration curve were employed to assess the model 
calibration. Internal validation was performed using 
1,000 bootstrap resampling. All statistical analyses were 
conducted using R version 4.0.4 (R Foundation for Statis-
tical Computing, Vienna, Austria), and GraphPad Prism 
version 9.0 (GraphPad Software, San Diego, CA, USA) 
was used for figures. P values less than 0.05 were consid-
ered statistically significant.

Results
Patient characteristics
The characteristics of the 281 patients enrolled in this 
study are shown in Table 1. The median age at the time 
of RAI remnant ablation was 38 years (range 16–75), and 
196 patients (69.8%) were female. The median weight of 
the resected thyroid gland was 19.0 g (range 4.2–127.0), 
and the median tumor size was 1.3  cm (range 0.3–7.0). 
In post-RAI WBS analysis, the median Early and Delayed 
neck counts were 49,823 range (656–560,227) and 2,379 
(85–46,212), respectively. The median reduction ratio 

was 95.2% (range 70.1–99.3). Seventy patients (24.9%) 
had lymphocytic thyroiditis on pathologic report, and 
157 patients (55.9%) had ablation success.

Factors associated with preoperative serum Tg levels
An initial assessment of known clinicopathological fac-
tors contributing to pre-operative serum Tg levels was 
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assessed to evaluate for the correlation between serum 
Tg levels with thyroid gland size. Univariate analysis 
was performed to assess the association between pre-
operative serum Tg levels and clinical and pathologic 
factors. Thyroid gland weight (β = 3.68, p < 0.001), thy-
roiditis (β = -29.51, p = 0.027), and tumor size (β = 41.7, 
p < 0.001) were significantly correlated with preoperative 
serum Tg levels, while TNM stage was not (Supplemen-
tary Table 1). Multivariable analysis was performed using 
other statistically significant factors in univariable analy-
sis, and thyroid gland weight, tumor size and thyroiditis 
were independent determinants of preoperative serum 
Tg levels (β = 2.47, β = 27.0, β = -25.83, respectively).

Serum off‑Tg level and WBS neck count
When serum off-Tg levels were grouped into quar-
tiles (Q1 (0.039–0.49  mg/mL), Q2 (0.50–2.49  mg/
mL), Q3 (2.50–6.39 mg/mL), and Q4 (6.40–280.0 mg/

mL)), there was a statistically significant increase in 
neck uptake as serum off-Tg levels increased (Fig.  1). 
This trend was seen in both Early and Delayed WBS, 
except between Q3 and Q4, which confirms there is a 
correlation between functional remnant thyroid gland 
and serum Tg levels. Early WBS neck counts in each 
serum off-Tg quartile groups were 14,614 counts/mm/
sec (interquartile range [IQR] 6,572–33,011) (Q1), 
50,647 counts/mm/sec (IQR 24,377–97,466) (Q2), 
85,090 counts/mm/sec (IQR 35,594–151,606) (Q3), 
and 93,690 counts/mm/sec (IQR 38,964–185,066) 
(Q4). The Delayed WBS neck counts of quartiles of 
serum off-Tg were 653 counts/mm/sec (IQR 248–
1,970) (Q1), 2,409 counts/mm/sec (IQR 1,264–4,875), 
3,776 counts/mm/sec (IQR 2,092–8,131) (Q3), and 
4,175 counts/mm/sec (1,587–10,608) (Q4). In Early 
WBS neck count, Q1 was significantly lower than Q2, 
Q3, and Q4 in post-hoc analysis (p < 0.001, respec-
tively), and Q2 was significantly lower than Q3, and 
Q4 (p = 0.002, p = 0.003, each). In Delayed WBS neck 
count, Q1 was significantly lower than Q2, Q3, and Q4 
(p < 0.001, respectively), and Q2 was significantly lower 
than Q3 (p = 0.011).

Correlation between WBS neck count and pathologic 
and clinical parameters
Further analysis was performed to evaluate for known 
clinicopathologic factors contributing to I-131 uptake 
and serum off-Tg levels (Supplementary Table 2). When 
Early WBS neck counts were grouped into quartiles, 
there was a significant trend of increase in the percent-
age of thyroiditis patients with lower neck counts and a 
lower percentage of thyroiditis patients in patients with 
high neck counts (Q1 49.3% (35/71), Q2 31.4% (22/70), 
Q3 15.7% (11/70), and Q4 2.9% (2/70), p < 0.001, by 
linear-by-linear association). Additionally, there was 
a decreasing trend in female proportion as early WBS 
neck counts increased (p < 0.001). There was also a 
positive correlation between serum off-Tg levels and 
Early WBS neck counts, which also contributes to the 
assumption that I-131 WBS correlates with functional 
remnant thyroid gland.

Delayed WBS neck counts also showed similar inverse 
correlation between thyroiditis percentage, proportion 
of female population, and neck counts, as well as a posi-
tive correlation between off-Tg levels and neck counts 
(Supplementary Table 2).

There was no difference in iodine/creatinine ratio 
between each quartile group of both Early and Delayed 
WBS neck counts. We re-organized the data to evalu-
ate I-131 uptake according to thyroiditis. Thyroidi-
tis patients had significant lower neck counts in both 

Table 1 Patient demographics of the 281 enrolled patients

Continuous values are presented as median (range)

ATA  American Thyroid Association, TSH thyroglobulin stimulating hormone, Tg 
thyroglobulin, TgAb thyroglobulin antibody, WBS whole body scan
a Scan speed adjusted neck count = neck counts/scan speed (mm/sec)

Characteristics Number of patients (%)

Age (years) 38 (16–75)

Sex

 Male:Female 85 (30.2%):196 (69.8%)

Thyroid gland weight (g) 19.0 (4.2–127.0)

Primary tumor size (cm) 1.3 (0.3–7.0)

Pathologic TNM stage

 T1aN1b 25 (8.9%)

 T1bN1b 10 (3.6%)

 T2N1b 5 (1.8%)

 T3N0 2 (0.7%)

 T3N1a 8 (2.8%)

 T3N1b 231 (82.2%)

ATA risk stratification

 Intermediate risk 196 (69.8%)

 High risk 85 (30.2%)

Assay at ablation

 TSH (mIU/mL) 51.31 (30.13–158.81)

 Tg (ng/mL) 2.5 (0.039–280.0)

 TgAb (IU/mL) 10.9 (9.9–1,859.0)

I-131 WBS analysis

 Early WBS neck  counta 49,823 (656–560,227)

 Delayed WBS neck  counta 2,379 (85–46,212)

 Reduction ratio (%) 95.2 (70.1–99.3)

Interval between surgery and ablation 
(months)

3.1 (1.5–8.5)

Thyroiditis (Present:None) 70 (24.9%):211 (75.1%)

Ablation success: Ablation failure 157 (55.9%):124 (44.1%)



Page 5 of 10Hwang et al. Cancer Imaging           (2024) 24:21  

Early (64,554 vs. 17,741 counts/mm/sec, p < 0.001) 
and Delayed (3,279 vs. 738 counts/mm/sec, p < 0.001) 
scans. However, the reduction ratio of each group 
(95.2% vs. 95.4%) was not statistically significant 
(p = 0.422) (Fig. 2).

Prediction of ablation success
ROC curve analysis was performed to evaluate for the 
optimal cut-off values for serum Tg level (4.7  ng/mL), 
TgAb level (19.2 IU/mL), Early WBS neck count (51,814 
counts/mm/sec), Delayed neck count (4,376 counts/
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mm/sec), and reduction ratio (-95.8%). Using these val-
ues, univariable logistic regression analysis showed that 
coexisting thyroiditis, serum Tg, serum TgAb, Early 
WBS neck count, Delayed WBS neck count, and reduc-
tion ratio were significant factors for ablation success 
(p < 0.05, respectively, Table 2, Supplementary Fig. 1).

Based on the univariable analysis results, four dif-
ferent multivariable models were established to com-
pare the additive predictive power of WBS parameters. 
Model 1 showed that the known factors for ablation 
success, serum Tg (odds ratio [OR] = 12.26, 95% confi-
dence interval [CI] = 6.49–24.14, p < 0.001), and serum 
TgAb (OR = 8.99, 95% CI = 3.90–22.36, p < 0.001) 
were significant factors for predicting ablation suc-
cess. Model 2 added Early WBS neck counts to Model 
1 factors, and showed that serum Tg (OR = 14.72, 95% 
CI = 7.31–29.62, p < 0.001), serum TgAb (OR = 8.12, 
95% CI = 3.36–19.62, p < 0.001), and Early neck counts 
(OR = 2.16, 95% CI = 1.12–4.2, p = 0.022) were signifi-
cant factors for predicting ablation success. Model 3 
added Delayed WBS neck counts to Model 1 factors, 
and showed that serum Tg (OR = 17.59, 95% CI = 8.28–
37.37, p < 0.001), serum TgAb (OR = 7.91, 95% 
CI = 3.25–19.23, p < 0.001), and Delayed neck counts 
(OR = 3.59, 95% CI = 1.67–7.74, p = 0.011) were signifi-
cant factors for predicting ablation success. Model 4 
included all WBS parameters, and showed that serum 
Tg (OR = 18.07, 95% CI = 8.77–40.45, p < 0.001), serum 
TgAb (OR = 7.13, 95% CI = 2.99–13.30, p < 0.001), and 
Delayed neck counts (OR = 2.93, 95% CI = 1.11–8.05, 
p = 0.032) were significant factors for predicting abla-
tion success. The AUROC curve of each model was 
0.803 (95% CI = 0.752–0.855 for Model 1), 0.828 (95% 
CI = 0.779–0.876 for Model 2), 0.842 (95% CI = 0.796–
0.888 for Model 3) and 0.844 (95% CI = 0.798–0.891 
for Model 4). The DeLong test showed that models 
with delayed or all WBS parameters (Models 3,4) were 
more effective in predicting ablation success (p = 0.003, 
0.006, respectively) compared to those without WBS 
parameters (Model 1) in predicting ablation success. 
Although Early WBS neck count was significantly cor-
related with ablation success in multivariable analysis 
(Model 2), there was no significant difference in pre-
dicting ablation success compared to Model 1 (Delong 
test p = 0.09).

Based on these results, the variables significantly 
associated with ablation success in the univariable 
analysis (Model 4) were used in the construction of the 
nomogram (Fig.  3). The Hosmer − Lemeshow test dem-
onstrated that the model was a good fit (p = 0.961). More-
over, calibration plots for bootstrap resampling validation 
demonstrated good consistency (Supplementary Fig. 2).

Discussion
The present study evaluated the clinical relevance of 
semi-quantitative evaluation of I-131 uptake in the rem-
nant thyroid using routine Early and Delayed I-131 WBS 
acquired in the clinical setting, which may be helpful 
in providing baseline information for evaluating I-131 
uptake and retention in the thyroid. To semi-quantita-
tively evaluate I-131 uptake and retention, we controlled 
for administrated dose and biodistribution changes by 
selecting patients receiving 150  mCi and I-131 WBS 
acquired on the same days, and demonstrated that the 
thyroid uptake in Delayed I-131 WBS contributed to pre-
dicting ablation success. To our knowledge, this study is 
the first to evaluate the correlation between quantified 
I-131 neck uptake and thyroiditis pathology with ablation 
success in patients with remnant thyroid gland only. Con-
sidering the different contribution of I-131 neck counts 
in early and delayed scans in ablation success evaluation, 
dual timepoint I-131 imaging, especially dual timepoint 
single-photon emission computed tomography/computed 
tomography (SPECT/CT), may also be useful in metas-
tasis treatment response evaluation and in the charac-
terization of neck nodules found in post-operative neck 
ultrasonogram. I-131 SPECT/CT will be needed for semi-
quantification analysis of individual metastatic lesions, 
as well as to account for different soft tissue attenuation 
correction. Potentially, dual time point SPECT/CT analy-
sis may show different retention patterns of each lesion, 
which may be correlated with iodine organification ability, 
and may better predict therapy response.

To confirm that serum Tg levels reflect thyroid func-
tion, we first evaluated the factors contributing to serum 
Tg levels in the preoperative thyroid glands. In line with 
previous reports, we have shown that preoperative serum 
Tg levels are positively correlated with thyroid gland size 
and tumor burden, and inversely correlated with thyroid-
itis [7–9]. After confirming that serum Tg levels correlate 
with thyroid gland size in our patient population, we then 
proceeded to evaluate the factors correlating with I-131 
uptake in the remnant thyroid gland. We found a gen-
eral trend of rising serum off-Tg levels in both Early and 
Delayed WBS counts, confirming previous reports that 
I-131 uptake reflects remnant thyroid gland amount [10–
12]. In regard to ablation success, our results support 
previous studies showing that serum off-Tg levels are 
predictive of ablation success [9, 13].

A major finding in the semi-quantification analysis of 
I-131 uptake in the remnant gland was that compared 
to Early scans, a very small remnant amount of I-131 
uptake was retained in Delayed scans, as less than 5% of 
I-131 uptake was retained in Delayed scans. Multivari-
able analysis revealed that I-131 retention contributed 
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more to ablation success in Delayed scans compared to 
Early scans. We speculate that the I-131 retention capa-
bility of the thyroid gland contributes more than ini-
tial Early scans in thyroid ablation. Our findings could 
potentially be applied to metastatic lesions treatment 
response evaluation, as metastasis “retaining” I-131 
seen on Delayed scans may be a more important factor 
than in Early scans in treatment response prediction. A 
potential application of our study could be that semi-
quantitative analysis using Early and Delayed I-131 or 
I-123 SPECT/CT scans might predict therapy response 
or RAI-R.

Another major finding with I-131 semi-quantifica-
tion is that patients with thyroiditis on pathology had 
very low iodine concentration ability, as there was a 
significant difference in I-131 counts in both Early and 
Delayed scans. Our results confirm previous studies 
that showed low ablation success rates in patients with 
Hashimoto’s thyroiditis (HT) [11, 14], and also provide 

supporting clinical data of reduced iodine concentra-
tion ability of HT [15]. However, complete ablation may 
have minimal clinical significance, as HT is a favorable 
prognostic factor for thyroid cancer prognosis [16].

The present study had several limitations. First, this 
was a retrospective, single center study with a rela-
tively short interval follow-up period. Second, we pro-
vided a rather strict definition of ablation success, as we 
defined undetectable TgAb levels for ablation success. 
This was to ensure that serum Tg levels were not influ-
enced by serum TgAb levels, and to correlate the neck 
counts more precisely with Tg levels. This may contrib-
ute to the lower ablation success rates compared to pre-
vious studies, but may more accurately evaluate TgAb 
level disappearance after I-131 administration. Third, 
we were not able to use I-131 standard during I-131 
WBS for absolute I-131 quantification in routine clini-
cal setting; however, we partially corrected for this by 
adjusting for scan time and scanner speed.

Early 

Early Delayed

Delayed

A

B

C

Fig. 3 Nomogram to predict ablation success for patients with thyroid cancer receiving high-dose I-131 therapy based on multivariable analysis 
and example cases. A Nomogram. Each factor was translated into points by drawing a line straight up, after which all points were added to a total 
point score. The total score was then translated into the predictive value axis by drawing a line straight down to estimate the ablation success 
probability. B A 64-year-old male patient with TSH, Tg and TgAb levels of 40.1 mIU/L, 0.1 ng/mL and 28.14 IU/mL at ablation and no evidence 
of thyroiditis on pathology. Neck counts were 128,809 on Early scan and 5,438 on Delayed scan, with 95.8% reduction rate. This patient had ablation 
success. Nomogram total points were 2.5 + 100 + 0 + 5 + 37.5 + 17.5 = 162.5, which translates into a predictive value of 68% of ablation success. C 
A 40-year-old female patient without thyroiditis on pathology. During ablation, TSH, Tg and TgAb levels were 39.0 mIU/L, 5.1 ng/mL and 9.9 IU/mL, 
and neck counts were 51,791 on Early scan and 2,406 on Delayed scan, with 95.4% reduction rate. This patient had ablation failure. Nomogram total 
points were 0 + 0 + 67.5 + 0 + 0 + 17.5 = 85, which translates into a predictive value of 18% of ablation success
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Conclusion
The I-131 uptake and retention in the remnant thyroid 
gland correlates with the serum off-Tg levels, thyroiditis, 
and ablation success in thyroid cancer patients receiving 
high-dose I-131 therapy. Semi-quantitative I-131 analysis 
with Early and Delayed WBSs may provide additional infor-
mation in evaluating ablation success, with the potential 
application for metastasis treatment response evaluation.

Abbreviations
RAI  Radioactive iodine
RAI-R  Radioactive iodine-refractory
Tg  Thyroglobulin
TgAb  Thyroglobulin antibody
TSH  Thyroid stimulating hormone
NIS  Sodium iodide symporter
WBS  Whole-body scan
OR  Odds ratio
CI  Confidence interval
IQR  Interquartile range
TENIS  Tg elevation, negative iodine scintigraphy
ROC  Receiver-operating characteristic
SPECT/CT  Single-photon emission computed tomography/computed 

tomography
HT  Hashimoto’s thyroiditis

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40644- 024- 00664-0.

Additional file 1: Supplementary Figure 1. Representative cases of 
thyroid remnant retention in I-131 whole body scan (WBS) and spot 
views in patients with and without thyroiditis.  Supplementary Figure 2. 
Calibration plots of the nomogram. Supplementary Table 1. Analysis 
of preoperative serum Tg level associated with pathologic and clinical 
parameters. Supplementary Table 2. Correlation between whole body 
scan neck count and pathologic and clinical parameters.

Acknowledgements
Not applicable

Authors’ contributions
SHH, KJ, and AC conceived and designed the study. Data were collected by 
SHH, KJ, CGK, JW, HC, WJK, and AC. Analysis was performed by SHH, JC, and 
AC. SHH, KJ, and AC drafted and revised the manuscript. All authors contrib-
uted to the article and approved the submitted version.

Funding
This study was supported by the Basic Science Research Program through 
the National Research Foundation of Korea (NRF) funded by the Ministry 
of Education, Science and Technology (NRF-2016R1D1A1B01014677 and 
NRF-2022R1A2C2092016).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol followed the ethical guidelines of the 1975 Declaration 
of Helsinki, and ethical approval was obtained from the institutional review 
board of Severance Hospital, Seoul, Korea (IRB number: 4–2021-0257). This 

study was a retrospective study and was exempt from patient consent by 
institutional review board of Severance Hospital, Seoul, Korea.

Consent for publication
Not applicable.

Competing interests
The authors of this work have no conflicts of interest to disclose.

Author details
1 Department of Nuclear Medicine, Severance Hospital, Yonsei University 
College of Medicine, 50-1 Yonsei-Ro, Seodaemun-Gu, Seoul 03722, Republic 
of Korea. 2 Department of Nuclear Medicine, Korea University Guro Hospital, 
Korea University College of Medicine, Seoul, Republic of Korea. 3 Department 
of Nuclear Medicine, Severance Hospital, Seoul, Republic of Korea. 

Received: 12 September 2023   Accepted: 12 January 2024

References
 1. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov 

YE, 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):1–133.

 2. Carhill AA, Litofsky DR, Ross DS, Jonklaas J, Cooper DS, Brierley JD, 
et al. Long-term outcomes following therapy in differentiated thyroid 
carcinoma: NTCTCS registry analysis 1987–2012. J Clin Endocrinol Metab. 
2015;100(9):3270–9.

 3. Durante C, Haddy N, Baudin E, Leboulleux S, Hartl D, Travagli JP, et al. 
Long-term outcome of 444 patients with distant metastases from papil-
lary and follicular thyroid carcinoma: benefits and limits of radioiodine 
therapy. J Clin Endocrinol Metab. 2006;91(8):2892–9.

 4. Paris J, Mc CW, Tauxe WN, Woolner LB, Bahn RC. The effect of iodides on 
Hashimoto’s thyroiditis. J Clin Endocrinol Metab. 1961;21:1037–43.

 5. Fugazzola L, Elisei R, Fuhrer D, Jarzab B, Leboulleux S, Newbold K, et al. 
2019 European Thyroid Association Guidelines for the Treatment and 
Follow-Up of Advanced Radioiodine-Refractory Thyroid Cancer. Eur 
Thyroid J. 2019;8(5):227–45.

 6. Van Nostrand D. Radioiodine refractory differentiated thyroid cancer: time 
to update the classifications. Thyroid. 2018;28(9):1083–93.

 7. Cahoon EK, Rozhko A, Hatch M, Polyanskaya O, Ostroumova E, Tang M, 
et al. Factors associated with serum thyroglobulin levels in a population 
living in Belarus. Clin Endocrinol (Oxf ). 2013;79(1):120–7.

 8. Trimboli P, Treglia G, Giovanella L. Preoperative measurement of serum 
thyroglobulin to predict malignancy in thyroid nodules: a systematic 
review. Horm Metab Res. 2015;47(4):247–52.

 9. Tian T, Xu Y, Zhang X, Liu B. Prognostic Implications of Preablation Stimu-
lated Tg: A Retrospective Analysis of 2500 Thyroid Cancer Patients. J Clin 
Endocrinol Metab. 2021;106(11):e4688–97.

 10 Doi SA, Woodhouse NJ. Ablation of the thyroid remnant and 
131I dose in differentiated thyroid cancer. Clin Endocrinol (Oxf ). 
2000;52(6):765–73.

 11. Wagieh SM, El-Refaei SM, Salem SS, Al-Shiekh EA, Al-Ghamdy HA, Al-
Juhani NR. Impact of histopathology of non-neoplastic thyroid tissue on 
ablation outcome in patients with papillary thyroid cancer. Nucl Med 
Commun. 2011;32(7):597–604.

 12. Hackshaw A, Harmer C, Mallick U, Haq M, Franklyn JA. 131I activity for 
remnant ablation in patients with differentiated thyroid cancer: A system-
atic review. J Clin Endocrinol Metab. 2007;92(1):28–38.

 13. Park HJ, Jeong GC, Kwon SY, Min JJ, Bom HS, Park KS, et al. Stimulated 
serum thyroglobulin level at the time of first dose of radioactive 
iodine therapy is the most predictive factor for therapeutic failure in 
patients with papillary thyroid carcinoma. Nucl Med Mol Imaging. 
2014;48(4):255–61.

 14. Kwon H, Choi JY, Moon JH, Park HJ, Lee WW, Lee KE. Effect of Hashimoto 
thyroiditis on low-dose radioactive-iodine remnant ablation. Head Neck. 
2015. https:// doi. org/ 10. 1002/ hed. 24080.

https://doi.org/10.1186/s40644-024-00664-0
https://doi.org/10.1186/s40644-024-00664-0
https://doi.org/10.1002/hed.24080


Page 10 of 10Hwang et al. Cancer Imaging           (2024) 24:21 

 15. Bastenie PA, Ermans AM, Delespesse G. CHAPTER 7 - Chronic Lympho-
cytic Thyroiditis and Cancer of the Thyroid. In: Bastenie PA, Ermans AM, 
editors. Thyroiditis and Thyroid Function: Pergamon; 1972. p. 159–70.

 16. Lee JH, Kim Y, Choi JW, Kim YS. The association between papillary thyroid 
carcinoma and histologically proven Hashimoto’s thyroiditis: a meta-
analysis. Eur J Endocrinol. 2013;168(3):343–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Correlation between remnant thyroid gland I-131 uptake and serum thyroglobulin levels: can we rely on I-131 whole body scans?
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient selection and follow-up
	Radioactive-iodine remnant ablation protocol
	Post-RAI whole body scan analysis
	Statistical analysis

	Results
	Patient characteristics
	Factors associated with preoperative serum Tg levels
	Serum off-Tg level and WBS neck count
	Correlation between WBS neck count and pathologic and clinical parameters
	Prediction of ablation success

	Discussion
	Conclusion
	Acknowledgements
	References


