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ABSTRACT

We retrospectively evaluated the frequency of unexpected accumulation of radioactive iodine on the
post-therapy whole-body scan (Rx-WBS) after radioactive iodine (RAI) ablation therapy in patients with
differentiated thyroid cancer (DTC). We searched our institutional database for Rx-WBSs of DTC patients
who underwent RAI ablation or adjuvant therapy between 2012 and 2019. Patients with distant metastasis
diagnosed by CT or PET/CT before therapy, and those had previously received RAI therapy were excluded.
In total, 293 patients (201 female and 92 male, median age 54 years) were selected. Two nuclear medicine
physicians interpreted the Rx-WBS images by determining the visual intensity of radioiodine uptake by the
thyroid bed, cervical and mediastinal lymph nodes, lungs, and bone. Clinical features of the patients with
and without the metastatic accumulation were compared by chi-square test and median test. Logistic regres-
sion analyses were performed to compare the association between the presence of metastatic accumulation
and these clinical factors. Eighty-four of 293 patients (28.7%) showed metastatic accumulation. Patients
with metastatic RAI accumulation showed a significantly higher frequency of pathological N1 (pN1) and
serum thyroglobulin (Tg) > 1.5 ng/ml under TSH stimulation (p = 0.035 and p = 0.031, respectively).
Logistic regression analysis indicated that a serum Tg > 1.5 ng/ml was significantly correlated with the
presence of metastatic accumulation (odds ratio = 1.985; p = 0.033). In conclusion, Patients with Tg >
1.5 ng/ml were more likely to show metastatic accumulation. In addition, the presence of lymph node
metastasis at the initial thyroid surgery was also associated with this unexpected metastatic accumulation.
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INTRODUCTION

In Japan, the prevalence rate of differentiated thyroid cancer (DTC) has gradually increased
with the development of diagnostic imaging modalities such as ultrasound.'? Not only for high-
risk and intermediate-risk patients, but also for low-risk patients, total thyroidectomy along with
radioactive iodine (RAI) ablation therapy is recommended.*!! In Japan, outpatient RAI ablation
using a low radiation dose of 1,110 MBq has been approved since November 2010, while
hospitalization is required for high-dose adjuvant RAI treatment."> One of the characteristics of
RALI ablation is that it is theranostic, which means that it is a combination of specific targeted
therapy and specific targeted diagnostic tests.!* After ablation therapy, post-therapy whole-body
scintigraphy (Rx-WBS) is usually performed to confirm the site of RAI accumulation. Moreover,
single-photon emission computed tomography and computed tomography (SPECT/CT) can more
accurately identify the RAI localization than can a conventional planar scan.''

On the Rx-WBSs, after ablation, unexpected RAI accumulation, including physiologic and
pathologic accumulation, are occasionally observed at sites other than the thyroid bed. The
pathologic accumulation mainly indicates cervical and mediastinal lymph node metastases, as
well as distant metastases.!® Essentially, for patients with such metastases, adjuvant treatment
with high-dose RAI may be recommended. However, there have been limited reports about this
unexpected pathological RAI accumulation on Rx-WBSs after ablation therapy in Japan.

In the present study, therefore, we retrospectively evaluated the frequency of unexpected RAI
accumulation on Rx-WBSs after ablation and adjuvant therapy performed at our institution. In
addition, we investigated whether clinical findings and postoperative pathological invasiveness
could predict the presence or absence of abnormal RAI accumulation in order to ascertain which
patients may benefit from high-dose RAI

MATERIALS AND METHODS

This retrospective study was approved by our institutional review board, and the need to obtain
written informed patient consent was waived (approval no. 2018-0443).

Fatient selection

Using the retrieval function of a picture archiving and communication system, we searched
our institutional database for Rx-WBSs of DTC patients performed RAI ablation therapy between
May 2012 and March 2019. All patients had undergone total thyroidectomy. Patients with distant
metastasis diagnosed by CT or positron-emission tomography (PET)/CT before therapy were not
included. During this period, a total of 351 ablation therapies were performed in our institution.
Because 58 patients had previously received RAI therapy were excluded, 293 treatments of 293
patients (201 females and 92 males, median age 54 years, age range 19-79 years) were finally
selected. The pathological T stage and N stage based on TNM staging according to the 7™ ver-
sion of the Union for International Cancer Control are shown in Table 1 and the other clinical
information are shown in Table 2.

RAI ablation therapy
Before treatment, patients selected either administration of recombinant human thyroid stimu-
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Table 1 T stage and N stage at the initial thyroid surgery based on TNM staging according to
the 7" version of the Union for International Cancer Control

N stage
la la or 1b 1b unknown Total

T stage 1 4 6 1 24 1 36
2 1 2 10 1 21
3 11 37 5 127 3 183

4 0 10 3 25 0 38

unknown 0 0 1 0 14 15
Total 16 60 12 186 19 293

Table 2 Patient and tumor characteristics

Number Median Range
Age, < 45 years / > 45 years 92 / 201
Male / Female 94 /199

Histopathology
Papillary / Follicular variant /
Diffuse sclerosing variant / Follicular / 262/ 101213115

Poorly differentiated
Administration dose of RAI

1,110 MBq / 1,850 MBq / 3,700 MBq 249 120 124
Period from total thyroidectomy to ablation 171/ 122

< 180 days / > 180 days
Withdrawal of thyroid hormone / rhTSH 46 / 247
TSH (uU/ml) 127.6 8.1-626.3
TSH, < 30 pU/ml / > 30 pU/ml 5/ 288
Tg (ng/ml) 54 < 0.1-21529
Tg, < 1.5 ng/ml / > 1.5 ng/ml 78 1 215
Tg-Ab (IU/mL) 13.25 < 10-1796
:rglkz?l::));vrsl 100 IU/mL / > 100 IU/mL / 266 / 26 / 1

RAI: Radioactive iodine, thTSH: Recombinant human thyroid stimulating hormone,
Tg: Thyroglobulin, Tg-Ab: Anti-thyroglobulin antibody, TSH: Thyroid stimulating hormone.

lating hormone (rthTSH) or 4-week stepwise withdrawal of thyroid hormone to stimulate TSH
production.” Consequently, 88 treatments were performed under withdrawal of thyroid hormone
and 205 treatments were performed using rthTSH (Table 2). To increase accumulation of I-131
in the thyroid remnant, patients were placed on a low-iodine diet for 2 weeks. On the day of
RAI therapy, serum TSH, free-T3, free-T4, thyroglobulin (Tg), and anti-thyroglobulin antibody
(Tg-Ab) were measured.”

Doses of 1,110, 1,850, and 3,700 MBq RAI were orally administrated to patients. The dose
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was decided according to the outpatient or inpatient treatment, and the views of the thyroid
surgeon. In outpatient treatment, all patients received a fixed dose of 1,110 MBq and the
scintigraphy was performed 4 days after RAI administration. In inpatient treatment, patients were
administered doses of 1,850 MBq or 3,700 MBq, and scintigraphy was performed 4 days and/
or 7 days after RAI administration.

I-131 scintigraphy

I-131 scintigraphy was performed using a gamma camera (Symbia-T6, Siemens Healthcare,
Erlangen, Germany) equipped with a high-energy collimator, a symmetrical 15% window set at
364 keV, 10 cm/min scan speed, and a 256 x 1024 matrix. Rx-WBS and SPECT/CT images
from neck to chest level were obtained routinely.

Two nuclear medicine physicians, who had both specialized in RAI therapy for more than 10
years, interpreted the Rx-WBS images by determining the visual intensity of radioiodine uptake
by the thyroid bed, cervical and mediastinal lymph nodes, lungs, bone, and other organs. For
all accumulations detected on Rx-WBS, the sites were accurately confirmed on the SPECT/CT
images and the final decision was made by the two physicians in consensus. Additionally, uptakes
of the lungs and bone were assigned to metastatic or inflammatory accumulation based on CT
images by these physicians. Patients with metastatic lymph node, lung, and bone accumulation
were regarded as positive and patients without such metastatic accumulation were regarded as
negative.

Statistical analysis

First, the characteristics of the positive and negative patients were compared by chi-square
test and median test. Next, univariate logistic regression analyses were performed to compare
the association between the presence of metastatic accumulation and clinical factors. Factors
yielding a p value < 0.1 by univariate analysis were entered into multivariate logistic regression
analyses. Analyses were performed in SPSS (version 23; IBM, Armonk, NY), Microsoft Excel
2013 (Redmond, WA), with add-in statistical software (BellCurve, version 3.20; Social Survey
Research Information, Tokyo, Japan). A P value < 0.05 was considered to indicate statistical
significance.

RESULTS

Physiological RAI accumulation to the remnant thyroid tissue in the thyroid bed was observed
in 282 of 293 patients (96.2%, Fig. 1). Cervical lymph node RAI accumulation was recognized
in 61 patients, superior mediastinal lymph node RAI accumulation was recognized in 4 patients,
both cervical and superior mediastinal lymph node accumulation was recognized in 17 patients,
and, in 82 patients (28.0%), pathological RAI accumulation was recognized in lymph nodes
(Fig. 2). In three of nine patients with lung RAI accumulation, lung accumulation was regarded
to reflect inflammatory accumulation, and the remaining six patients (2.0%) had metastatic lung
accumulation. Four of these six patients also had metastatic lymph node accumulation (Fig. 3).
One patient (0.3%) with metastatic lung accumulation also had metastatic rib accumulation. In
total, 84 of 293 patients (28.7%) showed metastatic accumulation.

Patients with metastatic RAI accumulation showed a significantly higher frequency of
pathological N1 (pN1) and serum Tg > 1.5 ng/ml under TSH stimulation (p = 0.035 and p =
0.031, respectively; Table 3). Fifteen of 78 patients (19%) with Tg < 1.5 ng/ml had metastatic
accumulation, while 69 of 215 patients (32%) with Tg > 1.5 ng/ml had metastatic accumulation.
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Fig. 1 Whole body scan (WBS) and SPECT/CT after ablation therapy
A 69-year-old female with papillary carcinoma (pT3NO). WBS after ablation therapy using 1,110 MBq radioactive
iodine shows a focus only in the thyroid bed (white arrow). Non-specific accumulation were also seen in nasal
and oral cavity, stomach, liver and bladder. The serum thyroglobulin value under TSH stimulation was 0.1 ng/ml.
(a) WBS (b) axial SPECT/CT image (c) coronal SPECT/CT image.

Fig. 2 Whole body scan (WBS) and SPECT/CT after ablation therapy
A 61-year-old female with papillary carcinoma (pT2Nla). WBS after ablation therapy using 1,110 MBq radioac-
tive iodine shows accumulation in the thyroid bed (white arrow), bilateral neck (yellow arrow), and left superior
mediastinum (blue arrow). Non-specific accumulation was also seen in colon. Serum thyroglobulin value under
TSH stimulation was 3.9 ng/ml.
Fig. 2a: WBS.
Fig. 2b: axial SPECT/CT image.
Fig. 2c¢: coronal SPECT/CT image.
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Fig. 3 Whole body scan (WBS) and SPECT/CT after ablation therapy
A 26-year-old female with papillary carcinoma (pT3N1b). WBS after ablation therapy using 1,110 MBq radioac-
tive iodine shows accumulation in the thyroid bed and bilateral neck (white arrow), and bilateral lung (yellow
arrow). SPECT/CT also shows bilateral lung accumulation, while no metastatic lesions are seen on the CT image.
Non-specific accumulation were also seen in liver, colon and bladder. The serum thyroglobulin value under TSH
stimulation was 45.2 ng/ml. (a) WBS (b) axial SPECT/CT image (c) CT image.

Table 3 Comparison between characteristics of patients positive and negative
for metastatic accumulation on Rx-WBS

Metastatic Accumulation

Positive Negative P value
Number 84 209
. 52.5 55
Age, Median (range) [years] (19-79) (20-79) 0.147
Age, < 45 years / > 45 years 28 / 56 64 / 145 0.651
Female / Male 52/ 32 147 /1 62 0.162
Papillary / Others 76 / 8 186 / 23 0.709
pT1 / pT2 / pT3 / pT4 13/6/50/ 14 23/ 15/ 133/ 24 0.545
pNO / pN1 1780 15/ 178 0.035
Administration dose of RAI
1,110 MBq / 1,850 MBq / 3,700 MBq 69/817 180 / 12 /1 17 0.504
Period from total thyroidectomy to ablation
< 180 days / > 180 days 51/ 33 120 / 89 0.605
Withdrawal thyroid hormone / rhTSH 15/ 69 317/ 178 0.520
. 127.5 128.0
TSH (nU/ml), Median (range) (21.9-403.4) (8.1-626.3) 0.925
TSH,
< 30 pU/ml / > 30 wU/ml 2/ 82 3 /206 0.572
. 5.48 5.26
Tg (ng/ml), Median (range) (< 0.1-1612) (< 0.1-21529) 0.722
’<rg1,5 ng/ml / > 1.5 ng/ml 15/ 69 63 / 146 0.031
. 13.7 13.2
Tg-Ab (IU/mL), Median (range) (< 10-307.1) (< 10-1796) 0.561
Te-Ab 7915 180 / 21 0.230

< 100 IU/mL / > 100 TU/mL

RAI = Radioactive iodine, thTSH = Recombinant human thyroid stimulating hormone, Tg = Thyroglobulin, Tg-Ab
= Anti-thyroglobulin antibody, TSH = Thyroid stimulating hormone
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The sensitivity and specificity were 0.82 and 0.30, respectively. Similarly, one of 16 patients
(6%) without lymph node metastases after thyroid gland surgery had metastatic accumulation,
while 80 of 258 patients (31%) with lymph node metastases also had metastatic accumulation.
On the other hand, there were no significant differences between accumulation-positive patients
and accumulation-negative patients in terms of age, sex, histopathology, pathological T stage,
doses of RAI, period from total thyroidectomy to ablation, TSH stimulating method, TSH level,
and Tg-Ab.

Univariate logistic regression analysis indicated that serum Tg > 1.5 ng/ml was significantly
correlated with the presence of metastatic accumulation (odds ratio [OR] = 1.985; p = 0.033;
Table 4) and that pN1 showed a tendency for correlation with metastatic accumulation (OR
= 6.742, p = 0.067; Table 4). Multivariate logistic regression analysis using these two factors
indicated that only Tg > 1.5 ng/ml was significantly correlated with the presence of metastatic
accumulation (OR = 1.929; p = 0.046; Table 4).

Table 4 Results of univariate and multivariate logistic regression analysis to compare the association
between the presence of metastatic accumulation and clinical factors

Univariate analysis Multivariate analysis
OR OR
Factors P value P value
95% CI 95% CI
Age > 45 years 0.883
0.651
(vs. £ 45 years) 0.514-1.516
Male 1.459
0.163
(vs. Female) 0.858-2.481
rhTSH 0.801
0.520
(vs. Withdrawal of thyroid hormone) 0.407-1.575
Dose of RAI > 1,110 MBq 1.349 0.390
(vs. 1,110 MBq) 0.682-2.670 '
Period from total thyroidectomy to ablation > 180 0.872
days ) 0.605
0.520-1.463
(vs. < 180 days)
pT3-4 0.815
0.520
(vs. pT1-2) 0.437-1.520
pN1 6.742 6.264
0.067 0.079
(vs. NO) 0.875-51.917 0.808-48.564
TSH > 30 pU/mL 0.597 0576
(vs. £ 30 pwU/mL) 0.098-3.639 ’
Tg > 1.5 ng/ml 1.985 1.929
0.033 0.046
(vs. £ 1.5 ng/ml) 1.055-3.733 1.013-3.672
Tg-Ab > 100 TU/mL 0.564 0.266
(vs. £ 100 TU/ml) 0.205-1.548 '

OR: odds ratio, 95%CI: 95% confidence interval, RAI: Radioactive iodine, thTSH: Recombinant human thyroid
stimulating hormone, Tg: Thyroglobulin, Tg-Ab: Anti-thyroglobulin antibody, TSH: Thyroid stimulating hormone.
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DISCUSSION

Rx-WBS is routinely used to confirm the accumulation site after RAI therapy. Additional
SPECT/CT can identify the exact site of the RAI accumulation, and helps to distinguish physi-
ological accumulation in residual thyroid tissue and pathological accumulation in lymph nodes
in the neck and superior mediastinum. We here evaluated the frequency of unexpected RAI
accumulation on Rx-WBSs after ablation and adjuvant therapy in patients with DTC and identi-
fied characteristics that could predict the presence or absence of abnormal RAI accumulation
in these patients.

In the present study, 28.7% of patients who received ablation therapy had pathological
accumulation that was regarded as lymph node or distant metastases, but which was invisible
on CT or PET/CT. In the report of Robenshtok et al, metastatic lymph nodes were identified
on post-therapy SPECT/CT imaging in 16% and pulmonary metastases were identified in 1.4%
of intermediate-risk DTC patients.! The reason for the higher incidence of metastatic lymph
node accumulation in our study than in the study of Robenshtok et al may be that our cohort
included more pN1-patients. In Japan, RAI ablation therapy is performed more often in high-risk
patients. While low-dose RAI activities can ablate the normal thyroid tissue remnant located in
the thyroid bed, effective treatment for regional lymph node metastases and distant metastases
has traditionally required a higher dose of RAI?! Wu et al reported that patients with small
metastatic lymph nodes detectable on Rx-WBS at the initial ablation showed a good response to
RALI therapy.? Therefore, these unexpected micro-metastases may disappear if adjuvant treatment
with 3,700 MBq RAI is performed with the initial treatment.

In the RAI therapy for DTC, numerous clinical and pathological factors affect the degree of
accumulation to the metastatic lesion. However, in this retrospective study, most factors were not
associated with the unexpected RAI accumulation after ablation. Only serum Tg levels under TSH
stimulation were significantly correlated with the metastatic accumulation: patients with Tg > 1.5
ng/ml had about twice the risk of metastatic lesions after total thyroidectomy as compared to pa-
tients with Tg < 1.5 ng/ml. Tg is produced by thyroid follicular cells. After total thyroidectomy,
serum levels of Tg decrease usually. However, since papillary and follicular cancer derived from
follicular cells also produce Tg, serum Tg level remains high if their metastases remain in the
body. The Tg level under TSH stimulation is known to be a predictive indicator for prognosis
in DTC. Brassard et al reported that a cutoff level of Tg = 1.4 ng/ml under TSH stimulation
is considered to be the optimal threshold for predicting long-term recurrence.”* Shangguan et al
reported that the Tg under TSH stimulation was a significant factor affecting the outcome of
RALI therapy and that a suitable cutoff value of Tg was 2.69 ng/ml.>® Considering these previous
studies and our own result, high-dose RAI therapy may be recommended for patients with serum
Tg > 1.5 ng/ml under TSH stimulation. The TSH level after thyroidectomy are often normal or
suppressed. Without TSH simulation, the Tg level has a lower value. However, patients with Tg
> 1.5 ng/ml even under normal or suppressed TSH situation are more likely to show metastatic
accumulation, because they would have even higher Tg level under TSH stimulation. Therefore,
adjuvant therapy using 3,700 MBq RAI may be recommended for Tg > 1.5 ng/ml.

The presence of lymph node metastasis at the initial thyroid surgery also showed a trend
for association with the unexpected metastatic accumulation after ablation therapy. Patient with
lymph node metastasis at surgery have about six times the risk of metastatic lesions after total
thyroidectomy as compared to patients without such lymph node metastasis. pNO-patients showed
significantly lower rates of metastatic accumulation than did pNl1-patients. Although the results
of logistic regression analysis were not statistically significant, this may be because only 16
pNO-patients were included in our cohort. Shangguan et al reported that metastases affecting
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only few lymph nodes is more likely to be cured by RAI ablation.”® Therefore, RAI ablation
therapy using a dose of 1,110 MBq may be sufficient for pNO-patients.

On the other hand, the pathological T stage was not significantly correlated with the unex-
pected metastatic accumulation. From these results, even for pT1- or pT2-patients, pN1-patients
may benefit from high-dose adjuvant therapy after total thyroidectomy.

The age of DTC patients was correlated with not only prognosis but also with RAI accumula-
tion. Nakanishi et al indicated that the prevalence of RAI uptake for the metastatic site was
41.5% for patients < 55 years, but this decreased significantly to 8.1% for those > 55 years.”
On the other hand, our results indicated that the prevalence of RAI uptake at metastatic sites was
32.6% in patients < 45 years and 28.9% in patients > 45 years, without statistical significance.
This discrepancy between studies in terms of age may be due to the difference in the RAI doses
administered and the cohorts: 37-185 MBq of RAI were administered for the diagnostic scan of
recurrent DTC in the study of Nakanishi et al, while 1,110-3,700 MBq were administered for
the initial ablation in the present study.

The duration of the period from total thyroidectomy to RAI therapy is a known significant
prognostic factor in patients with metastatic DTC lesions. Higashi et al reported that delaying
initial RAI therapy until more than 180 days after total thyroidectomy may result in poor
survival.”’” However, in our study, patients with distant metastases diagnosed by CT or PET/CT
before therapy were excluded, and this period was not significantly correlated with metastatic
accumulation.

In Japan, RAI therapy with a dose exceeding 1,110 MBq requires radioisotope hospitalization
facilities, although the number of hospitalized beds is limited."> Much of the impatient therapy is
therefore occupied by patients with obvious recurrence and metastasis. Therefore, it is necessary
to select patients requiring RAI therapy as an adjuvant therapy using a dose of 3,700 MBq. From
our results, patients with a serum Tg > 1.5 ng/ml or patients with lymph node metastasis at the
initial surgery should be treated as inpatients with 3,700 MBq RAI However, further predictors
of unexpected metastatic accumulation should be explored.

This study has two limitations. First, it was a retrospective and a single-center study and the
RAI dose was influenced not only by the physician’s point of view, but also by whether the
patient received outpatient or inpatient treatment. Second, recurrence and survival after ablation
was not investigated. Long-term follow-up is necessary to determine the effect of the ablation
therapy.

In conclusion, in this study, 28.7% of patients who received ablation therapy had unexpected
accumulation on Rx-WBS, which was regarded as lymph node or distant metastases and which
was invisible on CT or PET/CT. Although it was difficult to predict the unexpected metastatic
accumulation precisely, patients with Tg > 1.5 ng/ml under TSH stimulation were more likely to
show metastatic accumulation. In addition, the presence of lymph node metastasis at the initial
thyroid surgery was also associated with this unexpected metastatic accumulation.

FUNDING

There was no funding for this study.

ACKNOWLEDGEMENT

No potential conflicts of interest were disclosed. The authors thank Editage (www.editage.jp)
for English language editing



214

10.

11.

13.

14.

16.

17.

20.

21.

22.

23.

24.

25.

Shingo Iwano et al

REFERENCES

Hori M, Matsuda T, Shibata A, et al. Cancer incidence and incidence rates in Japan in 2009: a study of
32 population-based cancer registries for the Monitoring of Cancer Incidence in Japan (MCIJ) project. Jpn
J Clin Oncol. 2015;45(9):884-891.

Katanoda K, Hori M, Matsuda T, et al. An updated report on the trends in cancer incidence and mortality
in Japan, 1958-2013. Jpn J Clin Oncol. 2015;45(4):390-401.

Jonklaas J, Sarlis NJ, Litofsky D, et al. Outcomes of patients with differentiated thyroid carcinoma following
initial therapy. Thyroid. 2006;16(12):1229-1242.

Schvartz C, Bonnetain F, Dabakuyo S, et al. Impact on overall survival of radioactive iodine in low-risk
differentiated thyroid cancer patients. J Clin Endocrinol Metab. 2012;97(5):1526-1535.

Lamartina L, Durante C, Filetti S, Cooper DS. Low-risk differentiated thyroid cancer and radioiodine
remnant ablation: a systematic review of the literature. J Clin Endocrinol Metab. 2015;100(5):1748-1761.
Andresen NS, Buatti JM, Tewfik HH, Pagedar NA, Anderson CM, Watkins JM. Radioiodine ablation fol-
lowing thyroidectomy for differentiated thyroid cancer: literature review of utility, dose, and toxicity. Eur
Thyroid J. 2017;6(4):187-196.

Schlumberger M, Catargi B, Borget I, et al. Strategies of radioiodine ablation in patients with low-risk
thyroid cancer. N Engl J Med. 2012;366(18):1663-1673.

Watanabe K, Uchiyama M, Fukuda K. The outcome of I-131 ablation therapy for intermediate and
high-risk differentiated thyroid cancer using a strict definition of successful ablation. Jpn J Radiol.
2017;35(9):505-510.

Yang T, Zheng SY, Jiao J, Zou Q, Zhang Y. Radioiodine remnant ablation in papillary thyroid microcar-
cinoma: a meta-analysis. Nucl Med Commun. 2019;40(7):711-719.

Tizuka Y, Katagiri T, Ogura K, Mizowaki T. Comparison between the different doses of radioactive iodine
ablation prescribed in patients with intermediate-to-high-risk differentiated thyroid cancer. Ann Nucl Med.
2019;33(7):495-501.

Iwano S, Kato K, Ito S, Tsuchiya K, Naganawa S. FDG-PET performed concurrently with initial I-131
ablation for differentiated thyroid cancer. Ann Nucl Med. 2012;26(3):207-213.

Nishiyama Y, Kinuya S, Kato T, et al. Nuclear medicine practice in Japan: a report of the eighth nationwide
survey in 2017. Ann Nucl Med. 2019;33(10):725-732. doi: 10.1007/s12149-019-01382-5.

Choudhury PS, Gupta M. Differentiated thyroid cancer theranostics: radioiodine and beyond. Br J Radiol.
2018;91(1091):20180136.

Schmidt D, Szikszai A, Linke R, Bautz W, Kuwert T. Impact of 1311 SPECT/spiral CT on nodal staging
of differentiated thyroid carcinoma at the first radioablation. J Nucl Med. 2009;50(1):18-23.

Spanu A, Nuvoli S, Gelo I, Mele L, Piras B, Madeddu G. Role of diagnostic (131)I SPECT/CT in long-term
follow-up of patients with papillary thyroid microcarcinoma. J Nucl Med. 2018;59(10):1510-1515.

Van Nostrand D. Radioiodine imaging for differentiated thyroid cancer: not all radioiodine images are
performed equally. Thyroid. 2019;29(7):901-909.

Zilioli V, Peli A, Panarotto MB, et al. Differentiated thyroid carcinoma: Incremental diagnostic value of
(131)I SPECT/CT over planar whole body scan after radioiodine therapy. Endocrine. 2017;56(3):551-559.
Robenshtok E, Grewal RK, Fish S, Sabra M, Tuttle RM. A low postoperative nonstimulated serum thyro-
globulin level does not exclude the presence of radioactive iodine avid metastatic foci in intermediate-risk
differentiated thyroid cancer patients. Thyroid. 2013;23(4):436-442.

Ito S, Iwano S, Kato K, Naganawa S. Predictive factors for the outcomes of initial I-131 low-dose ablation
therapy to Japanese patients with differentiated thyroid cancer. Ann Nucl Med. 2018;32(6):418-424.

Park HJ, Min JJ, Bom HS, Kim J, Song HC, Kwon SY. Early stimulated thyroglobulin for response predic-
tion after recombinant human thyrotropin-aided radioiodine therapy. Ann Nucl Med. 2017;31(8):616-622.
Clerc J, Verburg FA, Avram AM, Giovanella L, Hindie E, Taieb D. Radioiodine treatment after surgery for
differentiated thyroid cancer: a reasonable option. Eur J Nucl Med Mol Imaging. 2017;44(6):918-925.
Wu X, Gu H, Gao Y, Li B, Fan R. Clinical outcomes and prognostic factors of radioiodine ablation therapy
for lymph node metastases from papillary thyroid carcinoma. Nucl Med Commun. 2018;39(1):22-27.
Nixon AM, Provatopoulou X, Kalogera E, Zografos GN, Gounaris A. Circulating thyroid cancer biomarkers:
current limitations and future prospects. Clin Endocrinol (Oxf). 2017;87(2):117-126.

Brassard M, Borget I, Edet-Sanson A, et al. Long-term follow-up of patients with papillary and follicular
thyroid cancer: a prospective study on 715 patients. J Clin Endocrinol Metab. 2011;96(5):1352-1359.
Shangguan L, Fang S, Zhang P, et al. Impact factors for the outcome of the first (131)I radiotherapy in
patients with papillary thyroid carcinoma after total thyroidectomy. Ann Nucl Med. 2019;33(3):177-183.



26.

217.

215

Todine-accumulation on Rx-WBS

Nakanishi K, Kikumori T, Miyajima N, et al. Impact of patient age and histological type on radioactive
iodine avidity of recurrent lesions of differentiated thyroid carcinoma. Clin Nucl Med. 2018;43(7):482-485.
Higashi T, Nishii R, Yamada S, et al. Delayed initial radioactive iodine therapy resulted in poor survival
in patients with metastatic differentiated thyroid carcinoma: a retrospective statistical analysis of 198 cases.
J Nucl Med. 2011;52(5):683-689.





