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ABSTRACT

The study was to evaluate the effect of radioactive iodine (RAI)
treatment application time and clinical, histopathological fac-
tors on ablation success in patients with operated papillary
thyroid cancer (PTC) in low and intermediate-risk. One hundred
sixty-one patients with PTC in the low and intermediate-risk
were evaluated. Most patients (89.4 %) were in the low-risk,
and 10.6 % were in the intermediate-risk. When the patients
were divided into two groups according to the date of receiving
RAI treatment after surgery, those who received early treat-
ment (<3 months) constituted the majority of the patients
(72.7 %). Seventeen patients received 1.85 Gigabecquerel
(GBq), 119 3.7 GBq, 25 5.55 GBq RAI. Most patients (82 %)
achieved ablation success after the first RAl treatment. The
time interval between surgery and RAl treatment did not affect
ablation success. Stimulated Tg level measured on the RAI
treatment day was an independent predictive factor for suc-
cessful ablation (p<0.001). The cut-off value of Tg found to
predict ablation failure was 5.86 ng/ml. It was concluded that
5.55 GBq RAl treatment could predict ablation success com-
paredto 1.85 GBq dose (p=0.017). It was concluded that hav-
ing a T1 tumor may predict treatment success compared to a
T2 orT3 tumor (p=0.001, p<0.001, retrospectively). The time
interval does not affect ablation success in low and intermedi-
ate-risk PTC. The ablation success rate may decrease in patients
who receive low-dose RAl and have high Tg levels before treat-
ment. The most crucial factor in achieving ablation success is
giving enough doses of RAI to ablate the residual tissue.

Introduction

Thyroid cancer is the most common endocrine malignancy ac-
counting for approximately 3 % of new cancer cases worldwide. It
is among the slow-growing cancers, and the 10-year survival rate
isover 95 % [1]. Itis known that only 5% of patients develop metas-
tases during follow-up. The course of patients who develop metas-
tases during follow-up is more aggressive, and their mortality in-
creases [2-5].

Differentiated thyroid cancers (DTC), the majority of which are
papillary (PTC) and follicular thyroid carcinoma (FTC) subtypes, ac-
count for approximately 90 % of all thyroid cancers. Current guide-
lines recommend total thyroidectomy (TT) with or without lymph

node dissection, followed by radioactive iodine (RAI) therapy at
varying doses and thyroid hormone suppressive therapy at varying
levels according to risk classification [6-8]. The aim of first-dose
ablation in the treatment of RAIl after TT is to achieve an undetect-
able low serum thyroglobulin (Tg) level, to ablate the residual thy-
roid tissue, and to minimize the risk of recurrence by irradiating the
undetected neoplastic focus with adjuvant therapy [7, 9].

While deciding whether to apply RAI treatment after TT, the de-
cision is made by considering other prognostic factors, such as the
age and gender of the patients, in addition to the American Thy-
roid Association (ATA) risk classification. ATA guidelines divided DTC
patients into three groups according to the risk categories of dis-
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ease recurrence. These groups are as follows: low, intermediate,
and high risk [8]. The decision to apply RAI therapy to the patient
and the dose to be given is determined by risk assessment and stag-
ing [8, 10]. Although postoperative RAI treatment is generally not
strictly necessary in low-risk patients, it is recommended to be
given in intermediate and high-risk patients. There is still much de-
bate about which patients should be used in treating RAl and at
what dose it should be administered. High radioactivity [more than
1.85 Gigabecquerel (GBq)] is effective for the ablation of high-vol-
ume residual thyroid tissue and destruction of micrometastases;
however, low radioactivity (1.1 GBq) may be effective in destroy-
ing small amounts of thyroid tissue, whereas high-volume residual
thyroid tissue may not be sufficient to ablate [11, 12].

Another factor affecting the success of ablation is the applica-
tion time of RAI treatment. Studies show that the RAI therapy ap-
plication time affects ablation success [13, 14].

Given the excellent prognosis in low and intermediate-risk
groups, successful ablation of the residual focus with RAI therapy
is essential in preventing recurrent disease [8, 15]. Therefore, in this
study, we aimed to evaluate the effect of RAl treatment application
time on ablation success and the factors affecting ablation success
in patients with papillary thyroid cancer in the low and intermedi-
ate-risk groups.

Patients and Methods

Patients and study design

A total of 407 patients diagnosed with thyroid cancer in a tertiary
university training and research hospital between 2014 and 2021
were evaluated retrospectively. Patients diagnosed with papillary
subtype DTC and in low-to-intermediate risk groups that received
RAIl therapy for remnant tissue ablation after TT with or without
lymph node dissection were included in the study.

The patients with high risk according to the ATA-2015 and had
distant metastases according to TNM (AJCC-8), who were not
screened foriodine-131 (I-131) RAI given with five millicurie (mCi)
after 9-12 months to RAI therapy, patients aged 18 years or young-
er, and patients with incomplete clinical and laboratory data were
notincluded in this study. When all inclusion and exclusion criteria
were evaluated, a total of 161 papillary DTC patients who received
I-131 RAl therapy in low and intermediate-risk groups for ablation
could be included in the study.

All patients were staged according to TNM (AJCC-8), and risk
classification was made according to the ATA-2015 guidelines. De-
mographic and clinical data, laboratory parameters, histopatho-
logical diagnosis, surgical method, thyroid scintigraphy imaging
after surgery, and post-therapy whole body RAl scanning of the pa-
tients were obtained from the hospital information system and ra-
diology-nuclear medicine imaging archive.

The patients’ serum Tg and Anti-Tg values were measured from
blood tests performed when the thyroid stimulating hormone
(TSH) level was above 30 mU/l on the day of RAI treatment and di-
agnostic RAI screening with five mCi after 9-12 months to initial
RAI therapy. Patients received an iodine-poor diet ten days before
RAI treatment and diagnostic RAI screening with five mCi.

Based on the current literature, the time interval between TT
and RAI treatment for all patients was calculated [13]. Patients were
divided into two groups for this period of three months or less as
Group A and patients with more than three months as Group B.

Criteria for successful ablation were determined as follows: Ab-
sence of I-131 uptake on the neck or any part of the whole body on
diagnostic RAl screening with the five mCi RAI stimulated Tg level
less than one ng/ml after 9—12 months to RAI treatment (when TSH
level>30 mU/l) and a low Anti-Tg level [in the normal range (0-4.5
IU/ml) or undetectable level].

Ethical approval was obtained from the local ethics committee
of our university and hospital before starting this retrospective
study (2021/183).

Imaging procedures

Postoperative thyroid scintigraphy imaging, whole body scanning
after 7-10 days to RAI therapy, and whole body diagnostic RAI
scanning with five mCil-131 were performed with Mediso AnyScan
SPECT Dual Detector Gamma Camera. Diagnostic or post-treat-
ment I-131 whole-body scans were taken with a high-energy par-
allel collimator on a double-headed gamma camera. I-131 whole-
body imaging was performed by selecting an energy peak of three
hundred and sixty-four kiloelectronenvolt (keV) with a 20 % win-
dow interval. While the patient was lying on their back, anterior
and posterior whole-body images were imaged in a 256 x 1024
matrix with a scanning speed of 70 mm/minute.

Postoperative thyroid scintigraphy imaging was taken with a
low-energy high-resolution parallel collimator on a double-head-
ed gamma camera by selecting an energy peak of one hundred and
forty keV with a 20 % window interval. Imaging was done in a 256 x
256 matrix until the number of counts collected from the thyroid
bed was three hundred thousand.

Statistical analysis

All statistical analyzes were performed using the SPSS version 25
software (IBM Corp., Armonk, New York, USA). Whether the quan-
titative variables were normally distributed or not was checked with
the Kolmogorov - Smirnov test. In independent group compari-
sons, the independent samples t-test was used for normally dis-
tributed variables, and the Mann-Whitney U-test was used for
non-normally distributed variables. Descriptive statistics for nor-
mally distributed variables were given as mean * standard devia-
tion and median (25th-75th percentile) for non-normally distrib-
uted variables. Relationships between categorical variables were
determined by Chi-square independence analysis. Descriptive sta-
tistics for categorical variables were given as frequency (percent-
age). Cut-off values for stimulated Tg (before RAl ablation therapy)
and Anti-Tg (before RAI ablation therapy) variables were deter-
mined by Receiver Operating Characteristic (ROC) analysis in the
diagnosis of treatment success. The effects of independent varia-
bles on treatment success were determined by multivariate logis-
tic regression analysis (forward). p-Values <0.05 values were con-
sidered statistically significant.
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Results

Atotal of 161 patients with papillary subtype DTC were evaluated
retrospectively. Most patients were females (82.6 %), and the mean
age was 48.87 £11.50 years (min-max: 19-76). The mean fol-
low-up period of the patients was 60.0 (46.0-73.0) months. Fifty
patients (31.1%) were diagnosed with papillary microcarcinoma,
and 111 (68.9%) had papillary carcinoma. Nineteen (11.8 %) pa-
tients had aggressive variant histopathological subtype (tall cell,
insular, solid variant). Six of 161 patients underwent lobectomy
first and followed by complementary thyroidectomy surgery. While
central lymph node dissection was performed in 97 (60.24 %) pa-
tients, central and lateral lymph node dissection was performed in
only two patients.

All patients received RAI treatment in the range of 1.85-5.55
GBqg. When the patients were divided into two groups according
to which month they received RAI treatment after surgery, most
received RAI treatment in less than three months. One hundred
seventeen patients (72.7 %) received RAl treatment in the first three
months or less after TT, while others (29.3 %) received longer than
three months. When patients who received RAI treatment in the
first three months or less and those who received RAI treatment
longer than three months were compared, only perineural invasion
was found to be different among all parameters. Perineural inva-
sion was detected in only eight patients; most (62.5 %) received
RAIl treatment in more than three months after TT (p=0.04). Half
of the eight patients had tall cell histopathological subtype, and

All Patients (p=0.845)

Group A (n=117) Group B (n=44)

these patients were in the intermediate risk group. All these pa-
tients received RAl treatment at 3.7 GBq dose and above; ablation
success was 87.5%. No other relationship was found between the
time interval of receiving RAI treatment and any clinical-laborato-
ry parameter with ablation treatment success. The graphs showing
the success of treatment in low and intermediate risk groups and
all patients according to the time interval of RAI treatment are
givenin » Fig. 1.

In the whole-body planar scannings, taken after 7-10 days of
RAI treatment, RAI uptake of the residual thyroid tissue on the thy-
roid lodge of all patients was observed. Uptake intensities could
not be rated due to the image quality of the gamma camera.

Ablation success was observed in most of the patients (82 %) in
the 9-12 month follow-ups after the RAI treatment. Ablation suc-
cess was found to be significantly higherin T1 tumors compared to
T2and T3 (p<0.001). Ablation success was found to be statistical-
ly significantly lower in patients with microscopic extrathyroidal
spread, receiving low-dose RAI treatment, high stimulated Tg and
Anti-Tg values in blood tests taken on the day of RAI treatment, and
9-12 month follow-ups, significant residual tissue on the thyroid
scintigraphy image before the RAI treatment (p<0.001, p<0.001,
p<0.001, p<0.001, p=0.013, p<0.001, respectively). Demo-
graphic-clinicopathological characteristics, TNM stage, risk classi-
fication according to ATA, and ablation success rates of all patients
are summarized in > Table 1.

Patients with ATA Low Risk (p=0.558)

a0 80.6

Group A [n=107) Group B (n=37)

Patients with ATA Intermediate Risk (p=0.537)

100
90
80
70
60
50
40

Group A {n=10)

Group B (n=7)

> Fig. 1 The relationship between time interval of TT and RAI treatment with the success of ablation RAIl therapy in low (b) and intermediate (c) risk
papillary thyroid cancer (a). Group A: patients receiving RAI therapy in the first three months or less after surgery, Group B: patients receiving RAI

therapy in more than three months after surgery.
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The effects of all clinical-laboratory-histopathological features
and imaging modalities in predicting the success of RAI ablation
were evaluated by multivariate logistic regression analysis. Patients
with T2 and T3 tumors have a 7.610 and 24.022 times greater risk
of failure of ablation therapy than T1 tumors (p=0.001, p<0.001,
respectively). Patients who took of 1.85 GBq RAI dose have a
14.434 times greater risk of RAl ablation treatment failure than
those with 5.55 GBq (p=0.017). Patients with a stimulated Tg (be-
fore RAl treatment) value >5.86 ng/ml have a 12.022 times great-
errisk of ablation failure than patients with<5.86 ng/mL (p<0.001).
We did not find any other significant factors in predicting the suc-
cess of RAl ablation therapy. Multivariate logistic regression anal-
ysis is given in > Table 2.

Discussion

The time interval between TT and RAI therapy may be longer, es-
pecially for patients requiring higher doses and additional imaging
or reoperation. Since patients in low and intermediate-risk groups
were included in our study, most of our patients received RAI ther-
apy in the first three months after the surgery. The effect of this
time interval on treatment success and surveillance is still unclear.
In the literature [16], a retrospective study found that patients with
DTC who received the first RAl treatment 180 days after TT had a
4.22 times higher risk of death than those who received the first
RAIl treatment within 180 days. Another study [17] found that this
time interval did not affect the 6-month remission rates in patients
with low-risk DTC. Our study evaluated the ablation success after
the first RAI treatment in patients with low and intermediate-risk
papillary thyroid cancer. We found that the time interval between
TT and RAI treatment did not impact the ablation success. In our
study, only the rate of perineural invasion was statistically signifi-
cantly higherin patients who received RAl therapy more than three
months after TT. The fact that half of these patients are in the in-
termediate-risk group may have caused a delay in additional tests.
This result supports the data that this time interval is prolonged in
high-risk patients or patients who need additional tests, scanning,
or reoperation.

A study [17] determined that the time of RAI treatment given
to ablate remnant tissue in low-risk differentiated thyroid cancer
did not make a difference in the clinical course. Although we includ-
ed both low and intermediate-risk groups in our study, the effect
of this time interval on our remnant tissue ablation success was
similar to the literature. In another study [13], ablation success was
significantly higher in DTC patients who were given RAl treatment
over three months after TT than those treated in three months or
less. In our study, on the contrary, we did not detect the effect of
the time interval on ablation success, although we took three
months cut-off level as the time interval. This difference may be be-
cause we only included patients with papillary subtype DTCin our
study. Again, the absence of T4 tumors according to the TNM stage
in our study group and the fact that no patients received RAI treat-
ment at a dose of more than 5.55 GBq may be the reasons for the
different results with the literature [14,17-20].

Diagnostic whole-body RAI screening is essential in predicting
recurrence or persistent disease in the follow-up of DTC [21].In a
study [22], it was reported that additional metastatic focus was de-

tected in 10-20 % of patients compared to pre-treatment, and the
stage of the disease changed. In addition, the involvement rate in
the residual thyroid tissue indicates the success of primary thyroid
surgery. Our study detected significant RAI uptake in residual tis-
sue on the thyroid lodge in all patients’ post-treatment whole-body
RAI scans. We did not classify RAl uptake rates in predicting treat-
ment success because our gamma camera could not rate uptake
intensities due to image quality. But we concluded that pre-treat-
ment stimulated Tg values of the patients were determinant in pre-
dicting treatment success. Tg values are proportional to the
amount of residual tissue, and according to the results of our study,
high Tg values (>5.86 ng/ml) will negatively affect the ablation suc-
cess. This result we found was compatible with the current litera-
ture [23]. The fact that ablation success was significantly lower at
high stimulated Tg values before treatment supports the result we
found in our study. In the literature, they reported that the stimu-
lated Tg cut-off value before RAI was nine ng/mL in predicting the
success of ablation therapy. We found this value as 5.86 ng/ml. This
difference may be because we included patients with low and in-
termediate-risk papillary thyroid cancer in our study. In contrast,
Abe et al. [23]included intermediate and high-risk patients in their
study. This may be why we found the cut-off Tg value to be low.

In our study, according to the thyroid scintigraphy taken before
RAl treatment, it was observed that the success of ablation thera-
py given at high doses (>1.85 GBq) was low in patients with signif-
icant residues in the thyroid lodge. Therefore, treatment failure
should be considered when administering low ablation doses to
patients with significant residual tissue. Each patient should be
evaluated individually regarding the need for follow-up without RAI
treatment or a relatively high dose before giving RAI treatment. We
know that the recurrence rate is very low in DTCs in low and inter-
mediate-risk groups. A recent study in the literature [24] stated
that the ablation dose did not affect the success of treatment in pa-
tients with DTCin low and intermediate-risk groups. However, our
study found the ablation success of low RAI treatment dose to be
low. We know that the residual tissue volume after the surgery and
the iodine-restricted diet adherence to the patients before the RAI
treatment and the duration of the diet affect the ablation success.
This difference, which we have seen in the literature, may be due
to these factors or may be due to the primary tumor characteris-
tics of the patient. Dong et al. [24] did not include T3 tumors and
aggressive variant histopathological subtypes in their studies. Our
study included T3 tumors and aggressive variant papillary thyroid
cancers, although their patient group was small. Again, in recent
literature, it was found that low and high-dose RAI treatment did
not affect ablation success in patients with intermediate and high-
risk groups. Unlike ours, this study did not include low-risk patients
but instead included high-risk patients [25]. In another similar
study [26], it was reported that the RAI treatment dose applied af-
fected the ablation success. In the study, the patients who received
1.1 GBq RAI treatment in the patient group who received 3.7 GBq
RAI treatment were compared, and the treatment success was
found to be significantly higher in patients who received high ab-
lation dose. Our study found that the ablation success of the
patients who received 1.85 GBq RAI treatment was significantly
lower than those who received 3.7 and 5.55 GBq. Our result is com-
patible with the literature. As a result, we should emphasize that

680 Goksel S, Avar U. Factors Affecting Ablation Success... Horm Metab Res 2023; 55: 677-683 | © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



> Table 1 Characteristics of patients.

All patients (n=161, Patients with successful Patients with unsuccessful p

100 %) treatment (n=132, 82%) treatment (n=29, 18 %)
Age £ means (years) 48.87+11.50 48.95+11.82 48.48+10.08 0.842
Sex 0.805
Female 133 (82.6) 110 (83.3) 23(79.3)
Male 28 (17.4) 22 (16.7) 6(20.7)
TNM (AJCC 8)
T1 104 (64.6) 104 (78.8) 0(0) <0.001
T2 45 (28) 24 (18.2) 21(72.4)
T3 12 (7.4) 4(3) 8(27.6)
NO 147 (91.3) 122 (92.4) 25(86.2) 0.177
N1 14 (8.7) 10 (7.6) 4(13.8)
Aggressive histopathological subtype 1.000
(+) 19 (11.8) 16 (12.1) 3(10.3)
(-) 142 (88.2) 116 (87.9) 26 (89.7)
Lymphatic invasion 1,000
(+) 20(12.4) 17 (12.9) 3(10,3)
) 141 (87.6) 115 (87.1) 26 (89.7)
Parenchyma invasion 0.821
(+) 33(20,5) 28(21,2) 5(17.2)
(-) 128 (79.5) 104 (78.8) 24 (82.8)
Vascular invasion 1.000
(+) 13 (8.1) 11(8.3) 2(6.9)
-) 148 (91.9) 121(91.7) 27 (93.1)
Perineural invasion 1.000
(+) 8 (5) 7(5.3) 1(3.4)
(-) 153 (95) 125 (94.7) 28 (96.6)
Surgical margin positivity 0.395
(+) 29 (18.1) 26 (19.7) 3(10.7)
(-) 131(81.9) 106 (80.3) 25(89.3)
Extrathyroidal spread (microscopic) <0.001
(+) 7(4.3) 0(0) 7(24.1)
(-) 154 (95.7) 132 (100) 22 (75.9)
Multicentric tumor 0.726
(+) 118(73.3) 98 (74.2) 20 (69)
(-) 43 (26.7) 34 (25.8) 9(31)
ATA Risk classification 1.000
Low Risk 144 (89.4) 118 (89.4) 26 (89.7)
Intermediate Risk 17 (10.6) 14 (10.6) 3(10.3)
RAI Dose (mci/GBq) <0.001
50/1.85 17 (10.6) 6 (4.5) 11(37.9)
100/3.7 119 (73.9) 104 (78.8) 15(51.8)
150/5.55 25 (15.5) 22 (16.7) 3(10.3)
Follow Up (months) 60 (46-73) 60 (43.3-73) 64 (52.5-77) 0.172
Time interval 0.845
<3 months 117 (72.7) 95 (72) 22 (75.9)
>3 months 44 (27.3) 37 (28) 7(24.7)
Time interval (months) 2(2-4) 2(2-4) 2(2-3) 0.593

Goksel S, Avar U. Factors Affecting Ablation Success... Horm Metab Res 2023; 55: 677-683 | © 2023. Thieme. All rights reserved. 681

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



& Thieme

» Table 1 Continued

All patients (n=161, Patients with successful Patients with unsuccessful p
100%) treatment (n=132, 82%) treatment (n=29, 18 %)
Stimulate Tg value (before RAI 2.2 (0.4-6.4) 1.3(0.3-3.3) 9.4 (7.8-12.1) <0.001
ablation) (ng/ml)
Stimulated Tg Value at 1st Year Screening (ng/ml) <0.001
<1 126 (78.3) 126 (95.5) 0(0)
>1 35(21.7) 6 (4.5) 29 (100)
Anti-Tg (before RAI ablation) (IU] 2.6 (1.2-12.1) 2.2(1.1-5.5) 12.2 (1.8-24.6) 0.013
ml)
Residual tissue on scintigraphy <0.001
(+) 94 (58.4) 66 (50) 28 (96.6)
(-) 67 (41.6) 66 (50) 1(3.4)

* TNM: Tumor-Node-Metastases; AJCC: The American Joint Committee on Cancer; ATA: American Thyroid Association; RAI: Radioactive iodine; mCi:

Millicurie; GBq: Gigabecquerel; Tg: Thyroglobulin.

> Table 2 Multivariate logistic regression analysis.

Patient Characteris- Multivariate Analysis p

tics OR (95% Cl)

TNM (AJCC 8)

T1 1

T2 7.610 (2.471-23.438) 0.001
T3 24.022 (3.918-67.303) <0.001
RAI Dose (mci|GBq)

50/1.85 1

100/3.7 4.486 (0.979-20.552) 0.053
150/5.55 14.434 (2.608-49.585) 0.017
Stimulated Tg (ng/ml) (before RAI ablation)

<5.86 1

>5.86 12.022 (3.959-36.505) <0.001

*TNM: Tumor-Node-Metastases; AJCC: The American Joint
Committee on Cancer; RAI: Radioactive iodine; mCi: Millicurie;
GBq: Gigabecquerel; Tg: Thyroglobulin; OR: Odss Ratio; Cl: Confidence
interval.

many factors may affect ablation success, and these factors should
be reviewed and compared to similar studies.

As for the limitations of our study, an important limitation is that
we could not evaluate the volume of residual thyroid tissue by ul-
trasonography and its effect on treatment success due to the ret-
rospective design. Another limiting factor is that we could not
group the RAl uptake by the intensity of the post-treatment whole-
body imaging due to the acquisition quality of the gamma camera.
Therefore, we could not evaluate the effect on the success of the
ablation treatment according to the intensity of RAl uptake on the
thyroid lodge after the RAI treatment. One of the crucial limitations

that reduced the number of our patients is the exclusion of these
patients because most of the low-risk patients did not undergo di-
agnostic RAl screening after the 9-12 months of RAI treatment.

Conclusion

In conclusion, we can say that the timing of RAl treatment after TT
does not affect ablation success in low and intermediate-risk pap-
illary thyroid cancer. Primarily, whether RAl treatment is indicated
in patients should be evaluated by considering the recommenda-
tions of current guidelines. More important than the application
time of the RAl treatment to be given for ablation is to decide which
dose to give. The success of low-dose RAI therapy in ablating the
remnant tissue may be low in large tumors and patients with high
stimulated Tg values that give essential information about the post-
operative residual tissue before the treatment. How many doses
should we give to which patients? Or which patients should we give
RAl treatment to? These questions still need to be clarified. There-
fore, considering the long survival times of DTC, there is a need for
well-designed studies that require long-term follow-up.
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