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Abstract: (1) Background—low-dose radioiodine ablation is an accepted strategy for the treatment of
low- and intermediate-risk thyroid carcinomas, although there is no international consensus. The aim
of this study is to describe the clinical experience with low-dose radioiodine ablation in patients
with low- and intermediate-risk thyroid cancer compared to high-dose ablation. (2) Methods—174
patients with low- and intermediate-risk thyroid cancer, 90 treated with low-dose ablation and 84
treated with high-dose ablation, were included. The primary endpoint was response to treatment one
year after ablation, defined by stimulated thyroglobulin, whole body scan and ultrasound imaging.
(3) Results—an excellent response rate of 79.8% in the low-dose group and 85.7% in the high-dose
group was observed (p = 0.049). Stimulated thyroglobulin at the moment of ablation (p = 0.032) and
positive antithyroglobulin antibodies (p < 0.001) were independent predictive factors for nonexcellent
response. Young age (p = 0.023), intermediate initial recurrence risk (p < 0.001) and low-dose
ablation (p = 0.004) were independent predictive factors for recurrence. (4) Conclusion—low-dose
ablation seemed to be less effective than high-dose ablation, especially in those patients with positive
antithyroglobulin antibodies or higher stimulated thyroglobulin levels at the moment of ablation.
Low dose was associated with higher recurrence rates, and lower age and intermediate initial
recurrence risk were independent risk factors for recurrence in our sample.

Keywords: differentiated thyroid cancer; radioiodine; low-dose ablation; low-risk; antithyroglobulin
antibodies

1. Introduction

Differentiated thyroid cancer is the most frequent endocrine neoplasm, with a rising incidence in
the last decades in Europe and the United States. This increasing incidence is mainly attributed to
the increased diagnosis of clinically nonrelevant papillary microcarcinomas [1,2]. The most frequent
histology in differentiated thyroid cancer is papillary thyroid carcinoma (PTC) (90%), followed by
follicular thyroid carcinoma (FTC) and less commonly Hiirthle cell thyroid cancer (HTC). In most cases
the prognosis is excellent, with low recurrences rates and very high survival rates. Finally, we can
include poorly differentiated thyroid cancer and anaplastic carcinoma, with a worse prognosis but also
with a very low incidence [3,4].
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Classic thyroid cancer management includes surgery followed by radioiodine ablation. However,
in the last years this classic approach has been widely discussed and reviewed to avoid overtreatment of
low-risk carcinomas and improve the identification of those tumours with a more aggressive behaviour.
In fact, in its last edition, the American Thyroid Association (ATA) guidelines for the management
of thyroid cancer included the recommendation for an individualized treatment regarding surgery,
but also radioiodine (RAI) ablation. After surgery and depending on the initial recurrence risk,
the patient could undergo a RAI ablation with a low or high dose [5,6].

RAI ablation has a different purpose depending on the initial recurrence risk. In a patient with
a low-risk tumour, RAI ablation could be considered in aggressive histologies and a low-dose is an
accepted approach to eliminate residual thyroid tissue and facilitate subsequent monitoring. In patients
with intermediate-risk tumours, RAI treatment has an adjuvant objective to prevent recurrences and
the dose should be individualized (30-50 mCi). Finally, in high-risk tumours, RAI ablation has a
therapeutic purpose to eradicate disease, and high doses are preferred [5]. Nevertheless, controversy
regarding RAI doses is not solved yet. Two clinical trials have been performed to compare low-dose
and high-dose RAI ablation in patients with thyroid cancer. ESTIMABLI1 concluded that disease
recurrence was not related to RAI ablation strategy in low-risk carcinomas, while [7] in the HiLo study
they found noninferior results when comparing low-risk and intermediate-risk tumour recurrence
rates with low (<100 mCi) and high doses (=100 mCi) of RAI [8].

Despite the results of ESTIMABL1 and HiLo suggesting that low-dose RAI ablation is effective
in patients with low- and intermediate-risk thyroid cancer, and many subsequent papers supporting
this idea [9-11], there is no international consensus on RAI dose. In fact, the European Association of
Nuclear Medicine and the Society of Nuclear Medicine and Molecular Imaging refused to endorse
the ATA 2015 guidelines. To address some of the controversies in this field, those societies published
recently the Martinique principles. Among these nine principles, we can highlight three of them related
to RAI dose—the need to define RAI therapy as remnant ablation, adjuvant therapy or treatment;
optimization of patient selection for RAI therapy according to postoperative disease status; and the
optimal dose of RAI cannot be definitively determined from the published literature and needs to be
based on multidisciplinary recommendations [12].

Therefore, the activity of RAI administered in differentiated thyroid cancer is not clearly defined,
and should be based on individualized and multidisciplinary management. The aim of this study
was to assess the efficacy of low-dose RAI ablation in patients with low- an intermediate-risk thyroid
cancer and compare the results with patients treated with high-dose ablation in the past.

2. Experimental Section

2.1. Patients

Since 2014, low-dose RAI ablation has been progressively applied in the Thyroid Cancer office
of the Department of Endocrinology at Hospital Universitario Virgen de la Victoria (Mdlaga, Spain).
During this time, more than 90 patients with low- and intermediate-risk thyroid cancer have undergone
ablation with low doses of RAI (<100 mCi). Data from a group of patients treated with high doses
(2100 mCi) before 2014 and who, following current guidelines, would be treated with low doses of
RAI, were collected. The analysis of the data was performed in 2019. Patients with less than one year
of follow-up after RAI ablation were excluded from the analysis.

To estimate the number of patients that would be necessary to recruit for the retrospective
comparative study, we considered a difference of 15% in recurrence rate among subjects treated with
low-dose and high-dose ablation as clinically significant. With an alpha error of 0.05, a power of 80%
and a loss rate of 15% (loss of samples or other reasons), it would be necessary to include at least 79
subjects in each group. Therefore, we proposed to include at least 80 patients in each group.
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2.2. Study Protocol

All patients were operated by total thyroidectomy in one or two stages and subsequently referred
to the thyroid cancer office. They were postoperatively classified according to the ATA initial recurrence
risk classification before they were referred to RAI ablation and this risk state was confirmed with the
results of the whole-body scan performed with the treatment. Low-risk category includes differentiated
thyroid carcinomas, mostly papillary thyroid or minimally invasive follicular thyroid cancer, limited to
the thyroid, with no vascular invasion and no more than five lymph node micrometastases (recurrence
risk = 2-5%). Intermediate-risk category encompasses more aggressive histologies, minor extrathyroid
or vascular invasion and more than five lymph node metastases less than 3 cm (recurrence risk =
10-30%) [5]. All of them were evaluated one year after the RAI ablation to address the response to
treatment according to the dynamic risk stratification scale proposed by Tuttle and adapted by the ATA
guidelines [4,5]. Depending on the results of stimulated thyroglobulin (sTg) and antithyroglobulin
antibodies (anti-TgAb) measured in the third day of stimulation (with thTSH or thyroid hormone
withdrawal) and the results of whole body scan and ultrasound, patients were classified into four
groups—excellent response (sTg < 1 ng/dL, anti-TgAb < 30 Ul and negative image), incomplete
biochemical response (sTg > 10 ng/dL or rising thyroglobulin and anti-TgAb levels with negative
image), incomplete structural response (distant metastases or local disease seen in image studies) and
indeterminate response (sTg 1-10 ng/mL or stable or decreasing anti-TgAb levels with unspecific
images). For practical reasons due to the small sample size in some groups, the sample was divided
into an excellent response and nonexcellent response (including indeterminate, incomplete biochemical
and incomplete structural response). Based on previous publications, we defined recurrence as the
appearance of new biochemical or structural data of disease and persistence when there was no
complete response after the initial treatment [13].

2.3. Ethics

The study was approved by the Ethical Committee for research of Malaga and was conducted
according to the principles of the Declaration of Helsinki. Signed consent has been obtained from each
patient after full explanation of the purpose and nature of all procedures used.

2.4. Statistical Analysis

Normal distribution of the variables was evaluated using the Kolmogorov—-Smirnov test; variables
with Gaussian distribution were expressed as mean (SD). No normal distributed data were expressed as
median (25th-75th percentile). For statistical analysis, values of variables that did not have a Gaussian
distribution were logarithmically transformed. The hypothesis testing for continuous variables was
performed using the ANOVA test (or the Kruskall-Wallis test if non-normality after log transformation).
Associations between the qualitative characteristics were tested using the x2 test. Comparisons were
performed for the total sample and also separately for those subjects with low-risk thyroid cancer
and intermediate-risk thyroid cancer. The relationship between continuous variables was examined
using correlation analyses (Pearson or Spearman). Finally, multivariate logistic regression analysis
was performed to estimate odds ratios (ORs) for presenting a nonexcellent response and recurrence,
respectively, using the complete sample and also including only the group of patients with low-risk
tumours and only the group of patients with intermediate-risk tumours. The variables included in the
multivariate regression models were those statistically significant in univariate analyses.

Significance for all statistical tests was set at p < 0.05 for bilateral contrast. All statistical analyses
were performed with SPSS version 22.0 for Windows (SPSS Ibérica, IBM, Madrid, Spain).
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3. Results

3.1. General Characteristics

A total of 174 patients were included in the final analysis, 90 patients treated with low doses and
84 patients treated with high doses. Clinical characteristics and laboratory parameters of the study
groups (low RAI dose vs. high RAI dose) are shown in Table 1. There were no significant differences
in mean age at diagnosis or sex distribution among the groups. There were some differences in the
tumour histology, with a higher percentage of patients with Hiirthle cell carcinoma in patients treated
with high doses and a higher proportion of mixed tumours in the low-dose group. We also found
significant differences in lymph node involvement, with a greater proportion of Nla and N1b in
patients treated with high doses of ablation so, consequently, there were differences in this risk level
between the groups, with 40.5% of intermediate-risk patients in the high-dose group versus 14.4%
of intermediate-risk patients in low-dose group (p < 0.001). Anti-TgAb status at the moment of RAI
ablation was significantly different between the comparison groups—38.8% of positive anti-TgAb
in the low-dose group versus 15.5% in the high-dose group. Finally, regarding qualitative variables,
there were significant differences in response to treatment, with a greater percentage of indeterminate
responses in the low-dose group and more incomplete biochemical and excellent responses in the
high-dose group (p = 0.049). Regarding quantitative variables, there were significant differences only
in sTg and anti-TgAb one year after the RAI ablation, with higher levels of sTg in the high-dose group
(p < 0.001) and higher levels of anti-TgAb in the low-dose group (p = 0.004). Recurrence rate was
somehow higher in low-dose group though there was no statistical significance.

Table 1. Baseline clinical characteristics. Comparison between groups—low-dose vs. high dose ablation.

Complete Sample Low-Risk Tumours Intermediate-Risk Tumours
Low-Dose High-Dose Low-Dose High-Dose Low-Dose High-Dose
N 90 84 77 50 13 34

Ageatdiagnosis, mean (£5D) 457 139)  433(14.08) 4604 (1432) 4498 (13.62)  43.69 (+1134) 40.82 (+14.58)

(years)
Sex (%) * *
Male 16.7 13.1 13 14 38.5 11.8
Female 83.3 86.9 87 86 61.5 88.2
Histology (%) * * *
PTC 46.7 58.3 46.8 60 426 55.9
FTC 133 7.1 14.3 4 7.7 11.8
Mixed 8.9 0 9.1 0 7.7 0
HTC 11 7.1 0 0 7.7 17.6
PTC + HC 4.4 0 2.6 0 15.4 0
FVPTC 25.6 27.4 27.3 36 15.4 14.7
Multifocality (%)
No 72.2 63.1 72.7 56 69.2 73.5
Yes 27.8 36.9 27.3 44 30.8 26.5
Margins (%) * *
Free 70 63.1 714 70 61.5 52.9
Near 11.1 15.5 9.1 20 23.1 8.8
Contact capsule 5.6 155 6.5 10 0 23.5
Capsule invasion 13.3 6 13 0 15.4 14.7
Tumour size (%) * *
T1 63.3 67.9 62.3 76 69.2 55.9
T2 33.3 32.1 36.4 24 15.4 441
T3 3.3 0 13 0 15.4 0
Lymph node affection (%) * *
NO 85.6 69 95.3 100 38.5 23.5
Nia 13.3 27.4 6.5 0 53.8 67.6
N1b 1.1 3.6 0 0 7.7 8.8
% *%

Initial recurrence risk (%)
Low 85.6 59.5 - - - -
Intermediate 14.4 40.5
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Table 1. Cont.

Complete Sample Low-Risk Tumours Intermediate-Risk Tumours
Low-Dose High-Dose Low-Dose High-Dose Low-Dose High-Dose
Anti-TgAb-RAI ablation (%) * * * * * *
Negative 61.2 84.5 62.5 80 53.8 91.2
Positive 38.8 155 375 20 42.6 8.8
Response to treatment (%) * * * *
Excellent 78.9 85.7 84.4 86 42.6 85.3
Indeterminate 14.4 3.6 11.7 6 30.8 0
IBR 22 6 1.3 6 7.7 59
ISR 44 4.8 2.6 2 15.4 8.8
Recurrence rate (%) * *
No 90 96.4 94.8 100 61.5 91.2
Yes 10 3.6 5.2 0 38.5 8.8
sTg at RAI ablation, median 0.87 1.15 0.84 0.50
(ICR) (ng/dL) (0.12-2.47) (0.20-3.15) (0.11-2.58) (0.20-2.23) 1.30(0.15-2.85) 161 (0.30-543)
Anti-TgAb-RAI ablation, 20
median (ICR) (UI) 20 (15-33.28) (16.05-20.58) 20 (15-30.50) 20 (20-23.75) 17 (15-177.50) 20 (15-20)
sTg 1 year, median (ICR) 0.05 0.20 0.04 0.20 . g
(ng/dL) (0.04-0.20) (0.20-0.20) (0.04-0.20) (0.20-0.20) 005 (0.04-0.20) 020 (0:20-0.47)
Anti-TgAb 1 year, median ~ 8.41 . 8.41 .
(ICR) (UI) 15 (9.61-20) (4.71-15) 15 (8.65-18) (4.80-15) 17 (12.27-47.45)  8.40 (4.55-17.67)

SD, standard deviation; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; HTC, Hiirthle cell thyroid
cancer; PTC + HC, papillary thyroid cancer with Hiirthle cells; FVPTC, follicular variant of papillary thyroid cancer;
RAI radioiodine; anti-TgAb, antithyroglobulin antibodies; sTg, stimulated thyroglobulin; ICR, interquartile range.
*p < 0.05. ** p < 0.001.

When we excluded from the analysis patients with intermediate-risk tumours (Table 1), differences
in the response to treatment disappeared, maintaining differences in histology, sTg and anti-TgAb
levels one year after the treatment. In addition, the marginal effect in the high-dose group was
more frequent than in low-dose group when we included only patients with low-risk tumours but
there were no differences in recurrence rate. When we compared groups including only patients
with intermediate-risk tumours (Table 1), differences in histology among high-dose and low-dose
groups disappeared and differences in sTg and anti-TgAb one year after the treatment remained.
We found similar differences in response to treatment to those described in the complete sample
analysis. However, we found new differences in sex, with a higher proportion of men in the low-dose
group, and in tumour size, with more T3 tumours in the low-dose group. Finally, we found significant
differences in recurrence rate that was nearly five times more frequent in the low-dose group (p = 0.028).

3.2. Association between Clinical Characteristics and Response to Treatment and Recurrence Rate and
Predictive Factors for Bad Response and Recurrence

In the correlation analysis there was a negative correlation between age at diagnosis and sTg at
the moment of RAI ablation (tho = —0.200, p = 0.009) and also with sTg one year after RAI treatment
(rtho = —0.234, p = 0.002). The dose of RAl showed a positive correlation with sTg one year after ablation
(rho = 0.532, p < 0.001) and a negative correlation with anti-TgAb one year after initial treatment
(rtho = -0.220, p = 0.004).

Finally, in the multivariate logistic regression analysis, the sTg at RAI ablation showed a direct
relation with response to treatment—those patients with higher levels had a greater risk for a
nonexcellent response to treatment. Lastly, patients with positive anti-TgAb at the moment of ablation
showed a 5.78-fold increased risk for a nonexcellent response compared to those with negative
anti-TgAb from the beginning (Table 2). We also performed a multivariate logistic regression analysis
to assess the odds of recurrence and we observed an inverse relation between age and recurrence risk.
Patients with an initial intermediate risk showed a 15.45-fold increased risk for recurrence, and patients
treated with low-dose ablation presented a 12.67-fold increased risk for recurrence (Table 3).
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Table 2. Bivariate and Multivariate Logistic Regression Analysis—odds of nonexcellent response.
Complete sample.

Bivariate Multivariate
Independent variables OR 95% CI p OR 95% CI P
Age 0.973 0.944-1.002 0.07 0.971 0.938-1.004 0.087
Lymph node involvement
NO 1 (ref.) 1 (ref.)
N1 2.398 1.026-5.609 0.044 1.113 0.267-4.641 0.883
Initial recurrence risk
Low 1 (ref.) 1 (ref.)
Intermediate 0.482 0.211-1.098 0.082 0.407 0.147-1.123 0.082
RAI dose (mCi) 0.996 0.985-1.007 043 0.994 0.981-1.007 0.361
RAI dose
Low 1 (ref.) 1 (ref.)
High 0.667 0.300-1.484 0.321 1.062 0.510-22.294 0.969
Anti-TgAb
Negative 1 (ref.) 1 (ref.)
Positive 0.202 0.088-0.462 <0.001 5.785 2431-13.762  <0.001
sTg at the moment of RAI 1.032 0.997-1.069 0.073 1.043 1.004-1.084 0.032

Anti-TgAb at the moment of RAI 1.004 1.000-1.007 0.027 1.002 0.999-1.005 0.285

sTg at the moment of RAI

<1ng/dL 1 (ref.)
1-10 ng/dL 1.194 0.520-2.743 0.676 - - -
>10 ng/dL 1.543 0.376-6.329 0.547

RALI, radioiodine; sTg, stimulated thyroglobulin; anti-TgAb, antithyroglobulin antibodies. () These variables were
analysed in bivariate logistic regression but they were excluded in the multivariate analysis because they were not
statistically significant. Significant results are highlighted in bold.

Table 3. Bivariate and Multivariate Logistic Regression Analysis—odds of recurrence. Complete sample.

Bivariate Multivariate
Independent variables OR 95% CI p OR 95% CI P
Age 0.926 0.869-0.987 0.018 0.933 0.879-0.991 0.023
Lymph node involvement
NO 1 (ref). 1 (ref.)
N1 5.687 1.694-19.093 0.005 2.536 0.404-15.921 0.321
Initial recurrence risk
Low 1 (ref) 1 (ref.)
Intermediate 0.159 0.045-0.555 0.004 15.456 3.369-70.907 <0.001
RAI dose
Low 12.596 1.848-85.841 0.01 12.679 2.280-70.516 0.004
High 1 (ref.) 1 (ref.)
Anti-TgAb
Negative 1 (ref.) 1 (ref.)
Positive 2.952 0.892-9.587 0.076 2915 0.703-12.088 0.141

RAI, radioiodine; anti-TgAb, antithyroglobulin antibodies. Significant results are highlighted in bold.

When we excluded from the analysis patients with intermediate-risk tumours, the results of
the multivariate analysis for nonexcellent response were very similar to the results with the whole
sample—patients with higher levels of sTg at RAI ablation had a greater risk for nonexcellent response
and patients with positive anti-TgAb showed a 8.850-fold increased risk for nonexcellent response
(Table 4). However, in the multivariate model for recurrence, we did not find any predictive variable
when we included in the analysis only patients with low-risk tumours, with no influence of RAI dose
in this kind of patient (Table 5).
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Table 4. Multivariate Logistic Regression Analysis—odds of nonexcellent response (separate analysis
based on initial risk of recurrence).

Only Low-Risk Only Intermediate-Risk
Independent variables OR 95% CI p OR 95% CI [4
Age 0.966 0.920-1.015 0.168 - - -
RAI dose
Low - - - 6.029 1.152-31.545  0.033
High 1 (ref.)
Anti-TgAb
Negative 1 (ref.) - - -
Positive 8.850 2.644-29.626  <0.001

sTg at the moment of RAI 1.145 1.014-1.294 0.029 1.054 1.002-1.109 0.042
Anti-TgAb at the moment of RAI 1.011 1.000-1.023 0.054 - - -

RAI, radioiodine; sTg, stimulated thyroglobulin; anti-TgAb, antithyroglobulin antibodies. (-) These variables were
analysed in bivariate logistic regression but they were excluded in the multivariate analysis because they were not
statistically significant. Significant results are highlighted in bold.

Table 5. Multivariate Logistic Regression Analysis—odds of recurrence (separate analysis based on
initial risk of recurrence).

Only Low-Risk Only Intermediate-Risk
Independent variables OR 95% CI p OR 95% CI [4
Age 0.940 0.853-1.035 0.208 0.925 0.854-1.002  0.055
Lymph node involvement
NO 1 (ref) - - -
N1 6.191 0.467-82.010  0.167
RAI dose
Low - - - 11.728
High 1 (ref.) 1.655-83.081  0.014
Anti-TgAb
Negative 1 (ref.) 1 (ref.)
Positive 7412 0.745-73.776  0.088 0.845 0.0.079-8.999  0.889

RAI, radioiodine; anti-TgAb, antithyroglobulin antibodies. (-) These variables were analysed in bivariate logistic
regression but they were excluded in the multivariate analysis because they were not statistically significant.
Significant results are highlighted in bold.

Finally, when we excluded from the analysis patients with low-risk tumours, sTg levels at the
moment of ablation still appeared as a predictor of nonexcellent response, but in this risk level positive
anti-TgAb did not show any influence on response to treatment. However, patients treated with a
low-dose ablation showed a 6.029-fold increased risk for nonexcellent response (Table 4). In the case
of recurrence risk, in intermediate-risk tumours the low-dose ablation was the only predictive factor
(Table 5).

Only twelve patients showed recurrence, and therefore we reviewed the characteristics of
these patients, finding that lymph node involvement was more frequent in patients with recurrent
disease (58.3%) than in patients with no recurrence (19.8%), with statistical significance (p = 0.006).
Recurrence was also more frequent in patients with intermediate-risk tumours (66.7%) than in patients
with low-risk thyroid carcinomas (24.1%), with statistical significance (p = 0.003). There were also
statistically significant differences in anti-TgAb levels, with higher levels in patients with recurrent
disease (p < 0.001). No differences were found in other baseline characteristics.

4. Discussion

We have investigated the efficacy of low-dose RAI ablation in our patients with low-risk and
intermediate-risk thyroid cancer. Our main results suggest that, though low-dose ablation is an effective
strategy in patients with low-risk carcinomas where no RAI therapy is also an acceptable approach, it
might be less effective in patients with intermediate-risk carcinomas. In fact, initial recurrence risk
was one of the factors positively associated with recurrence rate, and positive anti-TgAb and sTg
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levels at ablation were the factors positively associated with a nonexcellent response. Low doses
of RAI were only associated with recurrence and nonexcellent responses in those patients with
intermediate-risk tumours.

Ablation with low doses of RAI in patients with low- and intermediate-risk thyroid carcinomas is
an accepted approach, since the 2015 ATA guidelines included this recommendation [5]. However,
there are many controversies around this topic, as evidenced by the fact that the European Association
of Nuclear Medicine and the Society of Nuclear Medicine and Molecular Imaging refused to endorse
the ATA 2015 guidelines. Even after the meeting of some of these societies in Martinique, the conclusion
was that there is no evidence to recommend a dose for RAI ablation and that the decision should be
made in a multidisciplinary approach [12].

There have been two big clinical trials performed to compare low and high doses of RAI
In ESTIMABLI1, disease recurrence was not related to RAI ablation strategy in low-risk carcinomas,
with 92% rate of excellent response after low-dose ablation and 98% rate of disease-free survival at
5 years [7]. In the HiLo study, they compared low-risk and intermediate-risk tumour recurrence rates
with low (<100 mCi) and high doses (>100 mCi) of RAI, showing a noninferior result (1-2% risk of
recurrence at 5 years in both groups) [8]. Other authors, such as Ghachem [9], Schlumberger [14],
Qi [15] or Jiménez-Londorfio [11], have reported similar results in observational studies, concluding
that low doses were noninferior to high doses in patients with low-risk thyroid cancer. In our study,
we observed a higher rate of indeterminate responses in the group treated with low doses of RAI and
a higher rate of excellent and incomplete biochemical responses in the group of high-dose ablation,
with statistical significance. These differences could be related to the significantly higher frequency of
positive anti-TgAb at the moment of ablation in the low-dose group, since anti-TgAb is used to define
an indeterminate or incomplete biochemical response [5,6]. The main difference of our study to HiLo
was anti-TgAb consideration that was not described in this clinical trial, and with ESTIMABLI1 the
difference was the inclusion of intermediate-risk tumours. Nevertheless, the rate of excellent response
in the low-dose group was 78.9%, and this result is comparable to previous studies [8,9,11,14,15].

We also found a higher rate of recurrence in the low-dose group, but in this case the differences
did not reach statistical significance. The inclusion of intermediate-risk patients could be related to
the results we have found. In fact, we found that those significant differences found in response to
treatment were only observed in the intermediate-risk group, and that recurrence rate differences
reached statistical significance in this group. In this point, it is important to comment that differences
in sex and tumour size in the intermediate-risk group could also have an influence on poorer outcomes
in patients treated with low doses.

In studies of correlation we found some interesting data, such as the positive correlation of RAI
dose and sTg one year after ablation and the negative correlation between RAI dose and anti-TgAb one
year after the treatment. The negative correlation between age and sTg at the moment of ablation is
also remarkable, suggesting a worse postsurgical state in younger patients. Based on these correlations,
we looked for predictive factors of a nonexcellent response and recurrence. We found that sTg at the
moment of ablation was an independent risk factor for nonexcellent response in the complete sample,
but also when we separated patients with low- an intermediate-risk tumours. These results are similar
to the results reported by Ghachem et al [9], who found that patients with Tg after surgery <10 ng/mL
were more likely to have a complete response, and Fallahi et al, who found that a Tg<4.5 ng/mL was
predictive of a complete response [16]. Tg levels after surgery and in RAI ablation have been studied
as factors affecting the response to treatment and recurrence rates by many authors [17-20], and our
results seemed to be in the same direction. Although postsurgical sTg is not standardized, it could be
interesting clinical information to take into account. However, the factor more strongly associated with
a higher risk of nonexcellent response was positive anti-TgAb at the moment of ablation, mainly due to
indeterminate response. Many studies have addressed the importance of the evolution of anti-TgAb in
predicting recurrence or persistent disease in patients with thyroid cancer [21-23]. In fact, the 2015 ATA
guidelines included anti-TgAb titre evolution as a factor of response [5]. In this point, it is important to
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take into account that there is a prevalence of 10% of positive anti-TgAb in the general population and
it rises to 25% in patients with thyroid cancer [24].

Regarding the risk of recurrence, we found that a higher age was a protective factor, and that this
differs from the data reported for example by Verburg et al [25], who found a higher specific mortality
for thyroid cancer and recurrence rate in patients > 45 years treated with low-dose compared to those
treated with high-dose ablation. But this effect of age in our sample could be due to a confounding
factor, as it disappeared when we separated the analysis by recurrence risk. Finally, we found that
initial recurrence risk and a low-dose ablation were independent predictors for recurrence in our
sample. These results are in contrast with those reported by HiLo, where recurrence rates were not
associated with RAI ablation strategy [7,8], and also with the results of comparative analyses published
to date [9,10]. In this point, it is also interesting to remark that when we took into account only
patients with low-risk thyroid cancer, the RAI dose had no relation to recurrence risk, but when we
analyzed only patients with intermediate-risk tumours, RAI dose was a strong predictor of recurrence,
suggesting that low-dose ablation might be a better strategy in patients with low-risk thyroid cancer
than in patients with intermediate-risk tumours.

Our study had some important limitations. First, it was an observational study performed
comparing a sample of selected patients with low- and intermediate-risk thyroid cancer to be treated
with a low-dose ablation with a historic cohort of patients treated with high-dose. There were some
statistically significant differences among those groups. Differences in histology could be related to
the recent changes in histologic classification of thyroid tumours [3]. There were also differences in
lymph node involvement and initial risk of recurrence, although the patients included in the analysis
would have been treated with low doses following our current strategy. Changes in the classification
of patients and follow-up also could have influenced these differences and thereby the results of our
analysis. The follow-up period was quite short in some patients, especially in the low-dose group.
Another limitation is that we had no data about BRAF status in our sample, a factor that could influence
prognosis and outcomes of the disease.

5. Conclusions

In conclusion, low-dose ablation might be an effective approach for the treatment of low-risk
and intermediate-risk thyroid cancer, but in our sample it seemed to be less effective than high-dose
ablation, especially in those patients with positive anti-TgAb or higher sTg levels at the moment of
ablation. Low doses were associated with higher recurrence rates in patients with intermediate-risk
tumours, and in fact, initial recurrence risk was an independent risk factor for recurrence in our sample.
However, more data from prospective studies are needed to solve the remaining doubts regarding
RAI dose in thyroid cancer treatment, and it would be interesting to compare low-dose with no RAI
therapy in low-risk carcinomas.

Author Contributions: Conceptualization: A.M.G.-P. and ].G.-A.; methodology, AM.G.-P., M.M.-V,, A.S.O. and
PP.G.; formal analysis, AM.G.-P., M.M.-V,, ].G.-A. and LM.D,; resources, A.M.G.-P. and M.M.-V,; data curation,
AM.G.-P. and J.G.-A.; writing—original draft preparation, A.M.G.-P. and M.M.-V,; writing—review and editing,
J.G.-A,, AS.O,IM.D and E].T,; visualization, EJ.T.; supervision, FJ.T. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Ana Maria Gomez-Pérez was supported by a research contract from Servicio Andaluz de
Salud (SAS) (B-0033-2014); Maria Molina-Vega was supported by a Rio Hortega grant from Instituto de Salud
Carlos III, Madrid, Spain (CM18/00120).

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2020, 9, 581 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

Pacini, E; Schlumberger, M.; Dralle, H.; Elisei, R.; Smith, ].W.; Wiersinga, W. The European thyroid cancer
taskforce. European consensus for the management of patients with differentiated thyroid carcinoma of the
follicular epithelium. Eur. ]. Endocrinol. 2006, 154, 787-803. [CrossRef] [PubMed]

Hodgson, N.C.; Button, J.; Solorzano, C.C. Thyroid cancer: Is the incidence still increasing? Ann. Surg. Oncol.
2004, 11, 1093-1097. [CrossRef] [PubMed]

Cameselle-Teijeiro, ].M.; Sobrinho-Simées, M. New WHO classification of thyroid tumors: A pragmatic
categorization of thyroid gland neoplasms. Endocrinol. Diabetes Nutr. 2018, 65, 133-135. [CrossRef] [PubMed]
Tuttle, R.M.; Haugen, B.; Perrier, N.D. Updated American Joint Committee on cancer/tumor-node-metastasis
staging system for differentiated and anaplastic thyroid cancer (eighth edition): What changed and why?
Thyroid 2017, 27, 751-756. [CrossRef] [PubMed]

Haugen, B.R.; Alexander, EK.; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F;
Randolph, G.W.; Sawka, A.M.; Schlumberger, M.; et al. 2015 American thyroid association management
guidelines for adult patients with thyroid nodules and differentiated thyroid cancer. Thyroid 2016, 26, 1-133.
[CrossRef]

Tuttle, R.M.; Tala, H.; Shah, J.; Leboeuf, R.; Ghossein, R.; Gonen, M.; Brokhin, M.; Omry, G.; Fagin, J.A,;
Shaha, A. Estimating risk of recurrence in differentiated thyroid cancer after total thyroidectomy and
radioactive iodine remnant ablation: Using response to therapy variables to modify the initial risk estimates
predicted by the new American Thyroid Association staging system. Thyroid 2010, 20, 1341-1349.
Schlumberger, M.; Leboulleux, S.; Catargi, B.; Deandreis, D.; Zerdoud, S.; Bardet, S.; Rusu, D.; Godbert, Y.;
Buffet, C.; Schvartz, C.; et al. Outcome after ablation in patients with low-risk thyroid cancer (ESTIMABL1):
5-year follow-up results of a randomised, phase 3, equivalence trial. Lancet Diabetes Endocrinol. 2018, 6,
618-626. [CrossRef]

Dehbi, H.M.; Mallick, U.; Wadsley, J.; Newbold, K.; Harmer, C.; Hackshaw, A. Recurrence after low-dose
radioiodine ablation and recombinant human thyroid-stimulating hormone for differentiated thyroid cancer
(HiLo): Long-term results of an open-label, non-inferiority randomised controlled trial. Lancet Diabetes
Endocrinol. 2019, 7, 44-51. [CrossRef]

Ben Ghachem, T.; Yeddes, I.; Meddeb, I.; Bahloul, A.; Mhiri, A.; Slim, L; Ben Slimene, M.F. A comparison of
low versus high radioiodine administered activity in patients with low-risk differentiated thyroid cancer.
Eur. Arch. Oto Rhino Laryngol. 2017, 274, 655-660. [CrossRef]

Suss, S.K.A.; Mesa, C.0.].; Carvalho, G.A.; Miasaki, EY.; Chaves, C.P,; Fuser, D.C.; Corbo, R.; Momesso, D.;
Bulzico, D.A.; Graf, H; et al. Clinical outcomes of low and intermediate risk differentiated thyroid cancer
patients treated with 30mCi for ablation or without radioactive iodine therapy. Arch. Endocrinol. Metab. 2018,
62,149-156. [CrossRef]

Jimenez Londofio, G.A.; Garcia Vicente, A.M.; Sastre Marcos, J.; Pena Pardo, F.J.; Amo-Salas, M.; Moreno
Caballero, M.; Talavera Rubio, M.P.; Gonzalez Garcia, B.; Disotuar Ruiz, N.D.; Soriano Castrejon, A.M.
Low-Dose Radioiodine Ablation in Patients with Low-Risk Differentiated Thyroid Cancer. Eur. Thyroid. .
2018, 7, 218-224. [CrossRef] [PubMed]

Tuttle, R.M.; Ahuja, S.; Avram, A.M.; Bernet, V.]J.; Bourguet, P.; Daniels, G.H.; Dillehay, G.; Draganescu, C.;
Flux, G.; Fiihrer, D.; et al. Controversies, Consensus, and Collaboration in the Use of 1311 Therapy in
Differentiated Thyroid Cancer: A Joint Statement from the American Thyroid Association, the European
Association of Nuclear Medicine, the Society of Nuclear Medicine and Molecular Imaging, and the European
Thyroid Association. Thyroid 2019, 29, 461-470. [PubMed]

Tufano, R.P; Clayman, G.; Heller, K.S.; Inabnet, W.B.; Kebebew, E.; Shaha, A.; Steward, D.L.; Tuttle, R.M.
The American Thyroid Association Surgical Affairs Committee Writing Task Force. Management of
recurrent/persistent nodal disease in patients with differentiated thyroid cancer: A critical review of the risks
and benefits of surgical intervention versus active surveillance. Thyroid 2015, 25, 15-27. [PubMed]
Schlumberger, M.; Catargi, B.; Borget, I.; Deandreis, D.; Zerdoud, S.; Bridji, B.; Bardet, S.; Leenhardt, L.;
Bastie, D.; Schvartz, C.; et al. Strategies of radioiodine ablation in patients with lowrisk thyroid cancer. N.
Engl. J. Med. 2012, 366, 1663-1673. [CrossRef] [PubMed]

Qu, Y;; Huang, R; Li, L. Low- and high-dose radioiodine therapy for low-/intermediaterisk differentiated
thyroid cancer: A preliminary clinical trial. Ann. Nucl. Med. 2017, 31, 71-83. [CrossRef] [PubMed]


http://dx.doi.org/10.1530/eje.1.02158
http://www.ncbi.nlm.nih.gov/pubmed/16728537
http://dx.doi.org/10.1245/ASO.2004.03.066
http://www.ncbi.nlm.nih.gov/pubmed/15576834
http://dx.doi.org/10.1016/j.endinu.2017.11.012
http://www.ncbi.nlm.nih.gov/pubmed/29396216
http://dx.doi.org/10.1089/thy.2017.0102
http://www.ncbi.nlm.nih.gov/pubmed/28463585
http://dx.doi.org/10.1089/thy.2015.0020
http://dx.doi.org/10.1016/S2213-8587(18)30113-X
http://dx.doi.org/10.1016/S2213-8587(18)30306-1
http://dx.doi.org/10.1007/s00405-016-4111-5
http://dx.doi.org/10.20945/2359-3997000000025
http://dx.doi.org/10.1159/000489850
http://www.ncbi.nlm.nih.gov/pubmed/30283741
http://www.ncbi.nlm.nih.gov/pubmed/30900516
http://www.ncbi.nlm.nih.gov/pubmed/25246079
http://dx.doi.org/10.1056/NEJMoa1108586
http://www.ncbi.nlm.nih.gov/pubmed/22551127
http://dx.doi.org/10.1007/s12149-016-1133-4
http://www.ncbi.nlm.nih.gov/pubmed/27757803

J. Clin. Med. 2020, 9, 581 11 0f 11

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

Fallahi, B.; Beiki, D.; Takavar, A.; Fard-Esfahani, A.; Gilani, K.A.; Saghari, M.; Eftekhari, M. Low versus high
radioiodine dose in postoperative ablation of residual thyroid tissue in patients with differentiated thyroid
carcinoma: A large randomized clinical trial. Nucl. Med. Commun. 2012, 33, 275-282. [CrossRef]

Toubeau, M.; Touzery, C.; Arveux, P; Chaplain, G.; Vaillant, G.; Berriolo, A.; Riedinger, J.M.; Boichot, C.;
Cochet, A.; Brunotte, F. Predictive value for disease progression of serum thyroglobulin levels measured in
the postoperative period and after (131) I ablation therapy in patients with differentiated thyroid cancer.
J. Nucl. Med. 2004, 45, 988-994.

Kim, T.Y,; Kim, W.B.; Kim, E.S.; Ryu, ].S.; Yeo, ].S.; Kim, S.C.; Hong, S.J.; Shong, Y.K. Serum thyroglobulin
levels at the time of 1311 remnant ablation just after thyroidectomy are useful for early prediction of clinical
recurrence in low-risk patients with differentiated thyroid carcinoma. J. Clin. Endocrinol. Metab. 2005, 90,
1440-1445. [CrossRef]

Rosario, PW.; Xavier, A.C.; Calsolari, M.R. Value of postoperative thyroglobulin and ultrasonography for the
indication of ablation and 1311 activity in patients with thyroid cancer and low risk of recurrence. Thyroid
2011, 21, 49-53. [CrossRef]

Polachek, A.; Hirsch, D.; Tzvetov, G.; Grozinsky-Glasberg, S.; Slutski, I.; Singer, J.; Weinstein, R.; Shimon, L;
Benbassat, C.A. Prognostic value of post-thyroidectomy thyroglobulin levels in patients with differentiated
thyroid cancer. J. Endocrinol. Investig. 2011, 34, 855-860.

Gorges, R.; Maniecki, M; Jentzen, W.; Sheu, S.N.; Mann, K.; Bockisch, A.; Janssen, O.E. Development and
clinical impact of thyroglobulin antibodies in patients with differentiated thyroid carcinoma during the first
3 years after thyroidectomy. Eur. J. Endocrinol. 2005, 153, 49-55. [CrossRef] [PubMed]

Adil, A,; Jafri, R.A.; Waqar, A.; Abbasi, S.A.; Matiul, H.; Asghar, A.H.; Jilani, A.; Naz, I. Frequency and clinical
importance of anti-Tg auto-antibodies (ATG). . Coll. Physicians Surg. Pak. 2003, 13, 504-506. [PubMed]
Chung, J.K,; Park, YJ.; Kim, T.Y;; So, Y.; Kim, S.K.; Park, D.J.; Lee, D.S.; Lee, M.C.; Cho, B.Y. Clinical
significance of elevated level of serum antithyroglobulin antibody in patients with differentiated thyroid
cancer after thyroid ablation. Clin. Endocrinol. 2002, 57, 215-221. [CrossRef] [PubMed]

Sherman, S.I. Thyroid carcinoma. Lancet 2003, 361, 501-511. [CrossRef]

Verburg, F.A.; Hénscheid, H.; Luster, M. Radioactive iodine (RAI) therapy for metastatic differentiated
thyroid cancer. Best Pract. Res. Clin. Endocrinol. Metab. 2017, 31, 279-290. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1097/MNM.0b013e32834e306a
http://dx.doi.org/10.1210/jc.2004-1771
http://dx.doi.org/10.1089/thy.2010.0145
http://dx.doi.org/10.1530/eje.1.01940
http://www.ncbi.nlm.nih.gov/pubmed/15994745
http://www.ncbi.nlm.nih.gov/pubmed/12971869
http://dx.doi.org/10.1046/j.1365-2265.2002.01592.x
http://www.ncbi.nlm.nih.gov/pubmed/12153600
http://dx.doi.org/10.1016/S0140-6736(03)12488-9
http://dx.doi.org/10.1016/j.beem.2017.04.010
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Patients 
	Study Protocol 
	Ethics 
	Statistical Analysis 

	Results 
	General Characteristics 
	Association between Clinical Characteristics and Response to Treatment and Recurrence Rate and Predictive Factors for Bad Response and Recurrence 

	Discussion 
	Conclusions 
	References

