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Stimulated serum thyroglobulin but not RAIU level is a 

prognostic factor for ablation efficacy with a 3.7GBq 
131

(100mCi) fixed I dose in patients with differentiated 

thyroid cancer           

Abstract
Objective: The aim of this study was to determine prognostic value of radioactive iodine uptake (RAIU) and 
stimulated thyroglobulin (sTg) regarding the ablation e�cacy in patients with di�erentiated thyroid cancer. 
Subjects and Methods: We studied 466 di�erentiated thyroid cancer (DTC) patients without distant metas-

131tases after thyroidectomy who underwent iodine-131 ( I) ablation and were pre-therapy assessed by RAIU. 
The patients were divided into four groups according to the RAIU result, including: A) RAIU<2%, B) 2%≤

RAIU<5%, C) 5%≤RAIU<10% and D) RAIU≥10%. Every group was divided into four subgroups according to 
sTg levels, namely: 1) sTg<2ng/mL, 2) 2ng/mL�sTg<5ng/mL, 3) 5ng/mL�sTg<10ng/mL and 4) sTg≥10ng/mL 
subgroup. The ablation success was de�ned as a negative scan 6 months to 1 year and other imaging like US 
did not detect anything suspicious after ablation. Excellent response was considered as: sTg<1ng/mL with ne-
gative thyroglobulin antibodies (TgAb) and negative image scans. Results: The rate of successful ablation 
was 88.3%, 88.7%, 88.4% and 79% between group A to D, respectively (P=0.779). There was also no signi�cant 
di�erence about the excellent response rate (64.5% vs 63.6% vs 48.8% vs 57.1%, P=0.256) between group A to 
D. The ablation success rate did not di�er signi�cantly between subgroups 1 to 4 in every group. However, the 
rates of excellent response were 86.8%, 52.1%, 25% and 15.2% between subgroups 1 to 4 for group A, respec-
tively (P<0.001). Similarly, there was a signi�cant di�erence about excellent response rate between subgro-
ups 1 to 4 for groups B, C and D. Conclusion: After total thyroidectomy, not RAIU but sTg is a prognostic factor 

131for ablation e�cacy with a 3.7GBq (100mCi) �xed I dose in patients with DTC. 
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Introduction

R 131adioiodine ( I) remnant ablation (RRA) is an e�ective adjuvant treatment strate-
gy for some patients with di�erentiated thyroid cancer (DTC) as a postsurgical tar-
geted therapy. Radioiodine remnant ablation treatment is only used in patients 

with a history of total thyroidectomy and not hemithyroidectomy. The purpose of RRA 
therapy is to destroy residual, presumably benign thyroid tissue and tissue with suspec-
ted but unidenti�ed remaining disease to facilitate initial staging and follow-up [1]. Suc-
cessful remnant ablation contributes to a decreased recurrence rate, improves the sensi-

131tivity of I scans and facilitates follow-up studies (serum stimulated thyroglobulin (sTg) 
as a speci�c tumor marker). Ablation success rates vary from approximately 30%-90% 
depending on the criterion used to evaluate the ablation success and the patient popu-
lation [2]. Numerous clinical factors in�uence RRA e�cacy. Some studies have reported 
that tumor size, higher sTg levels, lymph node capsular invasion, N1a classi�cation, and 
distant metastases have a higher risk of ablation failure [3]. Serum sTg <2ng/mL is an es-
sential and independent predictor for an excellent response [4]. Higher sTg levels before 
RRA treatment correlate with a greater likelihood of an incomplete response to initial 
treatment [5]. Thus, sTg levels predict ablation e�cacy.

Radioactive iodine uptake (RAIU) is associated with thyroid remnant weight and ex-
pression of the sodium-iodine symporter [6]. Thyroglobulin is a macromolecular glyco-
protein produced in normal thyroid tissue and DTC cells [7]. Higher sTg levels indicate 
more functioning thyroid tissue or DTC metastasis [8]. Although detectable Tg may be 
the result of distant metastases, RAIU and sTg can represent the extent of thyroid tissue 
remnant for DTC patients without distant metastasis after thyroidectomy. However, the 
e�ect of RAIU combined with sTg on ablation e�cacy remains controversial. A few study 
results indicated an inverse correlation between RAIU levels and ablation e�cacy [9-13]. 
However, another prospective study demonstrated that the rate of successful RRA was 
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similar at di�erent RAIU levels based on di�erent radioactive 
131I therapeutic doses [14]. Similarly, some other reports indica-
ted that RAIU levels did not in�uence ablation e�cacy [15].

Therefore, the aim of this retrospective cohort study was 
to determine the prognostic value of RAIU and sTg regar-
ding ablation e�cacy in patients with di�erentiated thyroid 
cancer.

Subject and Methods

Patient 
This cohort study was a retrospective analysis of records of 
466 patients who underwent thyroidectomy and �rst RRA 
treatment for patients with DTC between January 2013 and 
December 2014 in our institution. To be included in the study, 
patients must have undergone thyroidectomy for DTC.

The exclusion criteria were as follows: distant metastasis 
observed by imaging modality such as computed tomogra-
phy (CT), positron emission tomography/computed to-
mography (PET/CT), magnetic resonance imaging (MRI), ul-
trasonography (US); pregnancy or breast feeding women; se-
vere coexisting conditions (including other cancers); previ-

131 131ous I ablation treatment; a recent history of I contami-
nation, such as iodine-containing drugs or iodine contrast 
agents within the previous 3 months; incomplete laboratory 
result; and positive TgAb.

Treatment protocol
131I treatment
At our institution, therapeutic planning for patients with pos-
toperative thyroid cancer was determined by a multidiscipli-
nary thyroid cancer board on the basis of a patient risk pro�le, 
including surgical pathology �ndings, clinical parameters, 
baseline and stimulated Tg levels, preablation neck ultrasound, 
and other imaging studies (i.e., preoperative or preablation 
chest CT) if available. Iodine-131 ablation was initiated 1 to 6 
months after surgery.

All the patients were staged according to TNM (tumor-
node-metastasis) staging system of the American Joint Com-

thmittee on Cancer (AJCC) 8  edition [16] and re-strati�ed into 
low, intermediate, high risk groups according to the 2015 

131American Thyroid Association (ATA) guidelines [17]. Before I 
treatment, serum thyroid stimulating hormone (TSH) levels 
were greater than 30mIU/L in all patients after maintaining a 
low-iodine diet for 2 weeks and withdrawing from levothyro-
xine for 3 to 4 weeks (none of the patients were administered 
triiodothyronine). Thyroid stimulating hormone, Tg, and TgAb 
measurements were performed during hypothyroidism at ab-

131lation before ablative I administration. The range of detec-
tion was 0.04-1000ng/mL for Tg and 10-4000IU/mL for TgAb. 
TgAb >115IU/mL was regarded as a positive standard. Next, 
RAIU was measured 24h after the administration of 0.185MBq 

131of I using a gamma counter during hospitalization. Then, 
99mtechnetium-99m pertechnetate ( TcO �) thyroid imaging was 4

performed. Thyroid imaging results were considered as po-
99m -sitive or negative. Positive thyroid imaging showed TcO  4

radioactive uptake in the thyroid bed area, and negative thy-
99mroid imaging indicated that no TcO � uptake was found in the 4

thyroid bed area. Time interval between RAIU measurement 
and RRA treatment was 2-3 days.

131We selected DTC patients with dose of 100mCi of I for sim-
ple remnant ablation and adjuvant therapy. Five days after oral 

131administration of ablation activity of I, postablation scintigra-
phy was performed to detect unde�ned or unexpected local 
and distant metastases.

131Initial evaluation after I therapy
Approximately 6 to 12 months after the initial application of 
RRA treatment, all the patients (n=466) underwent a second 

131diagnostic WBS (Dx-WBS) with 5mCi of I, and serum sTg 
and TSH levels together with TgAb were measured after 
withdrawal of levothyroxine replacement therapy for 2-4 
weeks. We evaluated the ablation e�cacy based on the ab-
lation success rate and therapeutic response. Ablation suc-
cess was de�ned as a negative scan 6 months to 1 year, and 
other imaging modalities, such as US, did not detect any-
thing suspicious after ablation. Therapeutic response was 
divided into excellent response and non-excellent response 
according to ATA guidelines released in 2015 [17]. Excellent 
response was de�ned as the presence of sTg <1ng/mL (with 
negative TgAb) and negative image scans.

Late follow-up
Patients without apparent disease at the initial evaluation 
were followed-up by annual measurement of sTg and TgAb 
during levothyroxine replacement therapy and neck US. 
Imaging methods other than US (chest and mediastinal CT, 

18�uorine-18-�uorodeoxyglucose ( F-FDG) PET/CT) were also 
performed in certain patients as needed when metastatic 
lesions were suspected. Diagnosis of a tumor in lesions de-
tected by the imaging methods was made by cytology or 
histology and/or unequivocal ectopic uptake (excluding fal-

18se-positive results) on Dx-WBS or F-FDG PET/CT.

Patient group
A total of 466 DTC patients were collected. All the patients 
were divided into four groups according to RAIU levels: A, 
RAIU<2% group; B, 2%≤RAIU<5% group; C, 5%≤RAIU<10% 
group; D, RAIU≥10% group. Every group was divided into 
four subgroup according to sTg levels: 1, sTg <2ng/mL; 2, 
2ng/mL≤sTg<5ng/mL; 3, 5ng/mL ≤ sTg <10ng/mL; 4: sTg ≥
10ng/mL subgroup (Figure 1).

We compared the ablation success rate and excellent res-
ponse rate between the A-D group and between subgroups 
1-4 in the A-D group.

Statistical analysis
Continuous variables were reported as the mean±standard 
deviation (SD) for variables with normal distributions or as 
the median and 25th to 75th percentiles (P25-75) for vari-
ables without normal distributions. Categorical variables are 
expressed as absolute numbers and percentages. One-way 
ANOVA was performed to analyze continuous data bet-
ween four groups. Comparative analyses were performed 
with an unpaired Student's t-test for variables with normal 
distributions, the Mann-Whitney U-test for variables with-
out normal distributions and the Pearson chi-squared test 
for categorical variables. Receiver operating characteristic 
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(ROC) was used to determine the optimal cut-o� of sTg to 
predict ER and ablation success. Statistical analysis was per-
formed with SPSS software (SPSS, version 21.0; SPSS Inc., 
Chicago, IL, USA). A P-value <0.05 was considered statisti-
cally signi�cant.

Results

Baseline characteristics
We studied 466 patients with DTC for RRA treatment who 
did not have distant metastasis. Of the 466 enrolled DTC pa-
tients, 45.9% (214/466) were classi�ed into the A group, 
41.8% (195/466) were classi�ed into the B group, and 9.2% 
(43/466) and 3% (14/466) were classi�ed into the C and D 
groups, respectively. In the D group, the RAIU ranged from 
10% to 30%. The mean sTg was the lowest in the A group and 
the highest in the D group (5.15±10.85 vs 26.40±23.04, res-
pectively). There was a signi�cant di�erence in the rate of 

99m -positive TcO  thyroid imaging between the A-D groups 4

(52.8% vs 75.4% vs 81.4% vs 92.9%, P<0.001). The other base-
line characteristics of the enrolled patients are shown in Tab-
le 1.

The relationship between RAIU and excellent respon-
se and ablation success
The rates of successful ablation were 88.3%, 88.7%, 88.4%, 
and 79% between groups A and D, respectively (P=0.779). 
There were also no signi�cant di�erences in the excellent 
response rate (64.5% vs 63.6% vs 48.8% vs 57.1%, P=0.256) 
between the A-D groups (Figure 2). In group 4, 3 of 14 pati-
ents did not have ablation success, and their RAIU values we-
re 14.5%, 22.3%, and 30%, separately. In Figure 3, we present 
a DTC patient who achieved ablation success and excellent 
response (RAIU: 21%).

The relationship between RAIU combined with sTg 
and excellent response and ablation success
Next, we performed subgroup analysis on the basis of di�e-

rent sTg levels. The ablation success rate was not signi�cantly 
di�erent between groups 1-4 in the A-D group. However, the 
rates of excellent response were 86.8%, 52.1%, 25%, and 
15.2% between 1-4 in the A group, respectively (P<0.001). 
Similarly, signi�cant di�erences in the excellent response ra-
te were noted between groups 1-4 in the B, C, and D groups 
(Figure 4).

Receiver operating characteristic curve analysis was per-
formed to evaluate the optimal cut-o� to predict excellent 
response and ablation success. As shown in Figure 5A, the 
area under the curve (AUC) was 0.795 (95% con�dence in-
terval 0.753-0.836; P<0.001), and the optimal cut-o� was 
3.95ng/mL to predict an excellent response (with a sensiti-
vity of 76.6% and speci�city of 69.9%). Figure 5B shows the 
ROC curve for sTg levels to predict ablation success. The AUC 
was 0.632 (95% con�dence interval 0.551-0.773; P<0.001), 
and the optimal cut-o� was 2.51ng/mL, yielding a sensitivity 
of 47.4% and a speci�city of 74.5%.

Late follow-up
The time of follow-up ranged from 5.2 to 7.1 years (median, 
5.8 years). During follow-up, a total of 17 patients (3.6%) 
were con�rmed to have structural recurrent disease. Among 
17 patients, 4 patients (high risk) had pulmonary metastasis. 
Their RAIU and sTg levels were 1%, 1%, 2%, and 18.9% and 
9.64ng/mL, 49.4ng/mL, 72.86ng/mL, and 84.46ng/mL, res-
pectively. The other patients had lymphatic metastasis. The 
median RAIU level was 4.5%, ranging from 1 to 18.6%. The 
median sTg was 23.98ng/mL, ranging from 16.84 to 73.31 
ng/mL.

Discussion

Thyroid carcinoma is an increasingly prevalent malignancy 
worldwide, and its incidence is gradually increasing [18]. Dif-
ferentiated thyroid cancer is the main type of thyroid cancer. 
Successful RRA treatment can decrease the recurrence rate 
and disease-speci�c death rate [19]. Many clinical factors 

93www.nuclmed.gr 55Hellenic Journal of Nuclear Medicine     January-April 2021•   

Original Article

 

Figure 1. Patients without distant metastasis for radioactive iodine (RAI) treatment.
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Table 1. Patients baseline characteristics.

 RAIU<2% 2%≤RAIU＜5% 5%≤RAIU＜10% RAIU≥10% P

Age  42.4±11.4 44.9±11.5 38±12.3 47.9±11.4  0.624

Gender Male/female 64/150 62/133 15/28 9/5 0.082

Pathology PTC/FTC 211/3 190/5 42/1 13/1 0.605

T stage T1/T2/T3/T4 147/16/32/19 128/15/25/27 28/5/7/3 8/2/1/3 0.662

N stage        N0/N1a/N1b 57/113/44      59/86/50 12/21/10 5/6/3      0.735

AJCC stage I/II/III 193/18/3 168/24/3 42/1/0 12/1/1 0.066

ATA Risk 
stratification

Low/intermediate/
high 

68/123/23 58/110/27 11/28/4 3/8/3 0.732

Extrathyroidal 
invasion

No/yes 167/47 151/44 36/7 10/4 0.709

99m - TcO  4

Thyroid 
imaging

Positive % 113(52.8%) 147(75.4%) 35(81.4%) 13(92.9%) <0.001

sTg mean±SD 5.15±10.85 8.68±15.18 14.32±13.98 26.40±23.04 <0.001

 

131Figure 3. A 20-year-old man was admitted to our hospital for I treatment (T1bN1aM0, I stage, intermediate-risk) after surgery for papillary thyroid carcinoma. The RAIU 
99m -level was 21%, and the sTg level was 17.71ng/mL. TcO  thyroid imaging showed the residual tissue of the left lobe. A total dose of 100mCi was administered for ablation 4

131treatment. Rx-WBS demonstrated apparent remnant thyroid tissue (RTT). Six months after I treatment, the Dx-WBS showed no RTT (sTg: 0.04ng/mL), indicating an ex-
cellent response.

Figure 2. The relationship between RAIU and ablation success and excellent response. 



A

B

Figure 4. The relationship between RAIU combined with sTg and ablation success and excellent response.

Figure 5. ROC curve to predict excellent response (A) and ablation success (B).

may in�uence ablation e�cacy. However, there is no speci�c 
conclusion about the relationship between RAIU combined 
with sTg and ablation e�cacy. This current study con�rmed 
that RAIU had no in�uence on ablation e�cacy after thyro-
idectomy with a dose of 100mCi for simple remnant ablation 
and adjuvant treatment. A recent meta-analysis showed that 

131lobar ablation with I is e�ective with a pooled rate of suc-
cessful ablation of 69% and an ablation success rate ranging 

131from 75% to 90% when a relatively high dose of I (95-100 
mCi) was used [20]. Lobectomy is associated with more resi-
dual thyroid tissue and higher RAIU levels than total thyro-
idectomy, thus indicating that high RAIU levels after lobec-
tomy potentially have good ablation e�cacy.

Several studies have been conducted to investigate the in-
�uence of RAIU levels on ablation e�cacy, reporting that RAIU 
levels in�uence ablation e�cacy [9-13]. The reason may be as-

131cribed to the low dose of I (less than 100mCi) for simple rem-
nant ablation and adjuvant treatment. Rosario et al. (2004) re-
ported an inverse correlation between RAIU levels and ab-
lation e�cacy with low-dose ablation treatment (30mCi) [9]. 
However, their results indicated that the ablation success rates 

131using a I dose of 100mCi in patients with RAIU levels <2%, 2-
5%, and >5% were 92.5%, 86.6%, and 70%, respectively (P= 
0.06). Similarly, a retrospective study including 235 DTC pa-

131tients using low doses of I (30-80mCi) according to RAIU le-
vels for simple remnant ablation found that the ablation failure 

 131rate was 43% (presence of I uptake in the neck region). The 
ablation success rate was only 60.6% when the RAIU level was 
greater than 10%. Based on our present study results, an RAIU 
less than 10% seems to be ideal considering the high success 

131rate (88.4%). The ablation success rate with a I dose of 
100mCi was 79% when RAIU was greater than 10%, which was 
similar to the study results by van Wyngaarden et al. (1996) and 
Leung et al. (1992) [11, 21].

A prospective study including 277 DTC patients by Jin et 
al. (2019) compared the ablation e�cacy between a �xed ac-
tivity group (100mCi) and RAIU-Tg-based activity group (30-
150mCi), which reported a higher success rate based on RA-
IU-Tg-guided dosimetry and showed that patients with RA-
IU >15% were administered a higher ablation dose (150mCi) 
with an ablation success rate of 88.7% [14]. A meta-analysis 

131also indicated that a high dose of I was signi�cantly better 
than a low dose to achieve successful remnant thyroid abla-
tion [22]. Nevertheless, as shown in Figure 3, a patient with a 
21% RIAU based on an ablation dose of 100mCi eventually 
had ablation success. Whether higher RAIU levels require a 
higher ablation dose should be further explored. However, 
DTC patients with RAIU <5% may be given an individualized 
ablation dose of less than 100mCi for ablation success accor-
ding to the results of Jin et al. (2019).

Furthermore, our results also showed that preablation sTg 
(pre-sTg) was one of the main prognostic factors for excellent
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response. At di�erent RAIU levels, the higher the pre-sTg le-
vel was, the lower the excellent response rate was. Emerging 
literature has elucidated the good predictive value of pre-sTg 
for ablation e�cacy [23, 24]. It has been reported that pre-
sTg exhibits great performance in predicting excellent res-
ponse. In the study by Zhang et al. (2018), the rate of excel-
lent response was 92.2% when pre-sTg was less than 2ng/mL 
[4], which was similar to our research result. In an observati-
onal retrospective study of 1093 DTC patients, a pre-sTg cut-
o� of 10µg/L predicted an excellent response with a negative 
predictive value of 94% [25]. Another study by Mousa et al. 
(2017) including 393 low- or intermediate-risk DTC patients 
found that pre-sTg values greater than 5.6ng/mL before radi-
oactive iodine ablation treatment were associated with a 
2.38-fold risk of relapse [26]. In addition, Bernier et al. (2005)  
also showed that an increasing pre-sTg level during ablative 
radioiodine treatment in patients with DTC was associated 

131with less e�cacy for I treatment [23]. The optimal pre-sTg 
cut-o� to predict an excellent response in our research value 
was 3.95ng/mL. Considering the above literature report and 
our research, increasing pre-sTg levels were strongly predic-
tive of ablation e�cacy.

Our study has several limitations. First, it was retrospective 
study. Di�erentiated thyroid cancer patients in our study we-
re enrolled between 2013 and 2014 in our institution, and we 
reperformed risk strati�cation based on the 2015 ATA guid-
elines. Thus, some low-risk patients underwent RRA treat-
ment and were included in our research. According to the 
2015 ATA and NCCN guidelines, low-risk DTC patients with 
no known or likely evidence of residual disease are not rou-
tinely recommended for RRA treatment [27]. Some study re-
sults also demonstrated that the survival rate was not 
di�erent between low-risk patients receiving or not recei-
ving RRA [28]. Further studies can be performed to identify 
low-risk patients for overtreatment, which may help impact 
practice patterns and improve the e�ciency [29]. Second, all 
the patients used a dose of 100mCi for ablation treatment. A 
lower dose of 30mCi may be a reasonable dose for treating 
individuals with low-risk DTC patients [27, 30]. Third, only 14 
DTC patients with RAIU >10% in our research were observed. 
The relatively small sample size may hint at an improvement 
in surgical methods. Based on the results in Figure 3, we re-

131commend that DTC patients with RAIU<20% can receive I 
treatment to achieve ablation success and avoid unneces-
sary surgery.

In conclusion, after total thyroidectomy, not RAIU but sTg is 
a prognostic factor for ablation e�cacy with a 3.7GBq 

131(100mCi) �xed I dose in patients with DTC.
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