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Objective: Differentiated thyroid cancer (DTC) has a favorable prognosis following treatment by thyroidectomy and subse-
quent post-operative radioactive iodine therapy (RAIT). However, prognostic factors for the success of the first RAIT remain
inconclusive. The aim of the present study was to evaluate prognostic factors for the success of the first RAIT in DTC patients.
Material and Method: We retrospectively studied 401 DTC patients who underwent total, near-total and subtotal thyroidectomy
followed by high dose RAIT from 1994 to 2004. Successful RAIT was assessed using the following criteria: (a) stimulated
serum thyroglobulin (sTg) < 10 ng/ml; (b) negative diagnostic **'I total body scan (DxTBS); and (c) no serial increase in
thyroglobulin antibody (TgAb) levels. Factors influencing successful first RAIT were evaluated.

Results: In total, 401 patients were enrolled into the present study. Most patients were female (81.5%) and had papillary cell
type cancer (74.3%). Median tumor size was 2.55 cm. (range, 0—11 cm). Metastases at cervical node and distant sites were
found prior to RAIT in 167 and 26 patients, respectively. The first RAIT doses of 2.96-3.7,5.5 and 7 4 GBq were administered
to 133, 262 and 6 patients, respectively. Overall success rate of the first RAIT was 32.9%. From univariate analysis, female
sex, age of <45 years, underwent thyroidectomy without cervical lymph node dissection, no multifocality, free surgical margin,
no metastasis and sTg of <20 ng/dl at ablation were prognostic factors. Age of <45 years and sTg of <20 ng/dl at ablation
were independent significant prognostic factors (both p<0.001) from multivariate analysis.

Conclusion: Age below 45 years and sTg below 20 ng/dl at ablation are independent prognostic factors for the success of

the first RAIT.
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Thyroid carcinoma is a common endocrine
cancer with a worldwide incidence of 12.9/100,000 per
year, as reported by the Surveillance, Epidemiology
and End-Results (SEER) program®. Differentiated
thyroid cancer (DTC) constitutes approximately 90%
of thyroid carcinoma cases®. The major type of DTC is
papillary thyroid cancer (PTC), followed by follicular
thyroid cancer (FTC). With proper treatment, patients
have favorable prognosis. In general, treatment in-
cludes thyroid surgery followed by radioactive iodine
treatment (RAIT), which can ablate both residual
thyroid tissue and metastasis.
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Successful RAIT improves recurrence-free
survival and cancer-specific survival®. Moreover, it
allows serum thyroglobulin (Tg) to be used as a specific
marker for recurrent disease during follow-up®. Suc-
cessful RAIT on the first attempt may improve quality
of life and also reduce costs. However, not every patient
is successfully treated by the first RAIT. Knowing the
factors for successful treatment will guide the clinician
to give the most appropriate management of each pa-
tient. Treatment and follow-up strategies can be modi-
fied for each patient based on risk factors, to minimize
radiation toxicity but maintain success rates”, and is
known as risk-modulated therapy. Standard risk factors
for disease progression and patient outcome include
age, sex, previous exposure to ionizing radiation, tumor
size, histology, invasive properties, multifoci tumor,
metastasis® and successful ablation®. Of these, age
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appeared to be one of the most important prognostic
factors”. To date, risk factors and stratification have
differed, causing controversy, and there has been
no consensus®. For example, adverse prognosis of
regional lymph node metastasis was found in some
studies®'? but not in others!'?. Three and four stages
were determined from quantitative TNM“® and AJCC
TNM"9, respectively, due to different criteria and risk
factors. Multifoci microcarcinoma is also an example
of the controversy for RAI ablation between ATA and
EANM guidelines. While the ATA recommends not to
treat multifoci microcarcinoma with RAI', there is
no such exception in the EANM guideline'®. A variety
of risk factors in the literature may have resulted from
different subject inclusion criteria, doses of RAI, and
diagnostic criteria for the success of RAIT. Examples
of different ablation success criteria are sTg cut-off
level, which could be as high as 10 ng/d1"? or unde-
tectable®. The objective of the present study was to
evaluate factors influencing the success of the first
standard high dose RAIT in DTC.

Material and Method
Study population

We retrospectively analyzed data from every
patient underwent the first RAIT at the Division of
Nuclear Medicine, Department of Radiology, Faculty
of Medicine Siriraj Hospital, a tertiary care center, from
1994 to 2004. The study protocol was approved by the
Siriraj Institutional Review Board (ethics approval
number SI 624/2009). During this period, 870 patients
were treated at our institution. No data were available
regarding the total number of patients who underwent
thyroid surgery or thyroid surgery followed by RAIT
during this 10-year period.

Inclusion criteria were patients with histologi-
cal confirmation of DTC and who underwent at least
subtotal thyroidectomy and then received the first
high dose RAIT (>2.96 GBq). Exclusion criteria were
inadequate or loss of important data records, such as
type of thyroid surgery, pathological report, result
of total-body scan (TBS), serum thyroid stimulating
hormone (TSH) or Tg. According to these criteria, 469
patients were excluded, and the remaining 401 patients
were enrolled in the present study.

Before each RAIT session, a thyroid scan with
74 MBq of *™Tc-pertechnetate and 24-h '*'T uptake
using 3.7 Bq were obtained to estimate the amount
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of residual thyroid tissue after surgery'®. All patients
were prepared by thyroid hormone withdrawal (THW)
to obtain optimal stimulated serum TSH, because TSH
stimulation increases the ability of thyroid cells to ac-
cumulate iodine. Patients were advised to avoid iodine
in their diets for about 10 days prior to the RAIT. On
the same day of RAI administration, serum T4, TSH,
sTg and TgAb levels were measured. Standard fixed
doses of RAI were given to all patients, with doses
adjusted based on pathological results and evidence of
metastasis. An ' dose of 2.96-3.7 GBq was admin-
istered to patients exhibiting no invasive pathological
properties or evidence of metastasis (n = 133), while
5.55 GBq was given to patients with invasive properties
(such as angiolymphatic, perineural, and extrathyroidal
invasion), multifoci tumor or presence of lymph node
and/or pulmonary metastasis (n = 262). For patients
with osseous metastasis, 7.4 GBq was administered (n
=6)"9. Post-treatment total body scans (RxXTBS) were
obtained after 72 h using a gamma camera equipped
with a high energy, general purpose collimator to obtain
anterior and posterior planar views from head to proxi-
mal thighs, as well as static images of the anterior neck,
both with and without sternal notch marker. Additional
images at areas of interest were acquired as needed.
After discharge, all patients were prescribed thyroxine
(LT4) at the suppressive therapy dose to repress TSH
levels and inhibit tumor growth.

Evaluation of RAIT success

All patients were classified into two groups:
successful and unsuccessful. Criteria for successful
treatment were defined by all of the following: neg-
ative DxTBS; sTg <10 ng/ml; no rising of TgAb in
serial measurement; no evidence of residual thyroid
remnant or metastasis from clinical, pathological or
other imaging investigation (if any); and no death from
thyroid cancer.

After 6 months to 1 year post RAIT, serum
Tg during TSH suppression (suppressed Tg) was
measured. If the levels were >10 ng/ml, patients were
classified into the unsuccessful group and received a
second RAIT session. Patients with suppressed Tg
levels below 10 ng/ml underwent DxTBS with 74—185
MBq of 131, after preparation by THW. Again, serum
T4,TSH, sTg and TgAb levels were measured. Serum
T4, TSH, Tg and TgAb were evaluated by the same
laboratory by immunoradiometric assay (IRMA). The
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cut-off point for positive sTg was at 10 ng/ml. Even
though the relatively high cut-off value of sTg using in
the present study, the sTg cut-off level at 10 ng/ml was
also used in arecent study in Thailand for determination
of ablation failure"”. Patients were also considered as
ablation failures or exhibiting recurrence if increasing
TgAb levels were detected by serial measurement.

The DxTBS images were interpreted without
knowledge of any clinical information by two nuclear
medicine physicians independently. For conflicting
results, a third physician interpreted the data and a
consensus among the three nuclear medicine physicians
was obtained. Diagnostic criteria for negative DxTBS
included no evidence of abnormal “'T uptake at the
thyroid bed or elsewhere (Fig. 1), otherwise findings
were considered positive?.

Long-term follow-up

Patients in the unsuccessful group received
repeated RAIT until remission, lost follow-up or death.
The median follow-up time was 87.98 months (range,
6.14-207.08 months). Treatment with re-surgery or
external radiotherapy was given to patients with gross
tumor masses or non-RAI avid tumors. Patients in the
successful group did not require further RAIT, except
for some who developed recurrence. Recurrence was
defined as measured by at least one of the following
criteria: cytological or pathological confirmed of re-
currence; DxTBS; and sTg or suppressed Tg > 10 ng/
dl or increased TgAb. During follow-up, all patients
received a suppressive dose of LT4 as previously
described. Serum T4, TSH and LT4 compliance were
also recorded. Suppressed Tg and TgAb levels were
regularly measured every 6 months and DxTBS was
imaged every 5 to 10 years. All patients were followed
up until death or lost follow-up. Recurrence-free sur-
vival was determined from time of negative DxTBS to
time of definite evidence of recurrence. Overall survival
was measured from time of the first RAIT until death
or lost follow-up (censor date)®.

Statistical analysis

Both standard and controversial factors for
prognosis were evaluated for their significance. Stand-
ard risk factors are sex, age at diagnosis (cut-off at
45 years), types of thyroidectomy (total-, near-total-,
subtotal-thyroidectomy), histology (papillary, follicu-
lar, mixed papillary-follicular, Hurthle cell), variant
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(follicular, columnar, trabecular), tumor size, multi-
focality, extrathyroidal extension, invasive properties
(none, capsular-, vascular-, lymphatic-, perineural-in-
vasion), surgical margin, known metastasis prior to
the first RAIT, serum TSH at ablation (cut off at 30
mlIU/L), serum sTg at ablation and dose of the first
RAIT. Controversial risk factors include presenting
symptoms (thyroid nodule, cervical node enlargement,
occult tumor, hoarseness, tracheal obstruction, distant
metastasis), cervical or mediastinal lymph node dis-
section prior to RAIT, hospital undertaking the surgery
(Siriraj or other hospitals), how many session(s) of
thyroid surgery, 24-h ¥ uptake (%), duration from
thyroidectomy to RAIT (cut off at 6 weeks), serum T4
and TgAb (cut off at 10 [U/ml) at ablation, amount of
thyroid hormone replacement, drug compliance, and
duration between the first RAIT and DxTBS.

For statistical analysis, we used SPSS for
Windows software package, version 17.0 (SPSS Inc.,
Chicago, IL, USA). Analysis was performed using
Pearson-Chi square test and unpaired t-test for cate-
gorical and continuous data, respectively. Statistical
significance was attributed to p-values of less than
0.05. Multiple logistic regression analysis was carried
out to identify independent prognostic factors for the
first RAIT. A receiver operating characteristic (ROC)
curve was used to describe the performance of the di-
agnostic value of sTg at the optimal cut-off level. The
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Fig.1 Interpretation of DxTBS images. Negative study (a),
positive uptake at thyroid bed (b) and lungs (c).
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Table 1. Patient characteristics

Clinical characteristic Successful Unsuccessful p-value
(n=132) (%) (n =269) (%)
Median age (range, years) 36.5 (18-73) 42 (10-89) <0.001*°
Age (<45/>45 years) 98/34 149/120 <0.001*
Gender (female/male) 115/17 212/57 0.044%*
Pathology (PTC/FTC/mixed/Hurthle) 93/34/3/2 205/49/11/3 0.287*
Median tumor size (range, cm.) 2.7(0.2-7.5) 2.5(0-11) 0.549>
Thyroidectomy (total/near-total/ subtotal) 105/21/6 202/43/24 0.287*
Cervical LN dissection® (n=131) (n=264) 0.023™
45 (34.3) 138 (52.3)
Multifocality® (n=106) (n=207) 0.043™
43 (52.3) 109 (63.6)
Extrathyroidal extension® (n=104) (n=207) 0.051*
23 (22.1) 68 (32.9)
Free resection margin® (n=84) (n=168) 0.039
60 (71.43) 103 (61.31)
Metastasis prior to first RAIT 44 (33.3) 149 (55.4) <0.001™
Stim Tg at time of ablation®¢ (n=88) (n=165)
Median (range), (ng/dl) 3.6 (0-191.8) 35.3 (0-63,800) 0.114°
STg (<20/>20 ng/dl) 70/8 61/104 <0.001™
Median first RAI dose, mCi 150 (80-150) 150 (80-200) 0.289°

* Significant p-values <0.05

* Chi-square test

b Unpaired t-test

¢ Data missing in some patients

4 Analyzed after exclude patients with TgAb >10 TU/ml

curve was constructed by computing sensitivity and
specificity of the sTg cut-off in predicting successful
first RAIT. Recurrence-free survival of the successful
group was evaluated by a Kaplan—Meier curve. Overall
survival was evaluated and compared between groups.
Cohen’s kappa (square kappa) statistics were used for
the calculation of inter-observer agreement regarding
the DxTBS interpretation between two observers.
The kappa values were interpreted as follows: <0.20
poor agreement; 0.21-0.40 fair agreement; 0.41-0.60
moderate agreement, 0.61-0.80, good agreement; and
0.81-1.00 excellent agreement'®,

210

Results

From 1994 to 2004, 870 patients received the
first RAIT at our institution. Of these, 469 patients were
excluded owing to incomplete data (n = 304), receiving
RAIT doses of less than 2.96 GBq (n = 137), receiving
prior RAIT from other hospital (n = 16), underwent
external radiotherapy at neck before DxTBS (n = 10)
and coexistent medullary thyroid cancer (n = 2). A total
of 401 patients were included to the analysis.

The mean age at diagnosis was 41.9 years
(range, 10-89 years), and 81.5% of patients were
women. The most common presenting symptom was
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Table 2. Prognostic factors for the success of the first RAIT

Factors Univariate, Crude OR [95% CI] Multivariate, Adjusted OR [95% CI]
p-value p-value
Sex, female 0.044%* 1.82 [1.01 to 3.27] 0.316 1.40[0.73 to 2.71]
Age, < 45 years <0.001°* 2.31[1.47 to 3.67] 0.005* 2.11 [1.26 to 3.54]
Lymph node dissection, no 0.023* 2.04[1.32to 3.14] 0.704 0.85[0.36 to 2.00]
Multifocality, no 0.043%* 1.63 [1.01 to 2.62] 0.877 0.89[0.37 to 2.16]
Resection margin, free 0.039* 0.434
Free 2.85[1.30 to 6.24] 1.80 [0.58 to 5.61]
Close or very close 349 [1.32t09.27] 2.66 [0.81 to 8.75]
Metastasis, no <0.001°* 248 [1.61 to 3.83] 0.221 1.70 [0.73 to 3.98]
Stim-Tg at 1 RAIT, < 20 ng/dl <0.001%* 14.92 [6.72 to 33.10] <0.001* 12.08 [5.25 t0 27.80]
*p-values < 0.05.
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Fig.3 Cumulative disease-free survival curve in 132
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Fig.2 ROC curve of sTg at the first RAIT in discriminating
patients who achieved successful and unsuccessful
from the first RAIT. The area under the curve for a
perfect discriminatory test would be 1.0; which gave
a value of 0.759 in this curve. The sTg cut-off at 20
ng/ml produced the highest sensitivity and specificity
for prediction of the first RAIT outcome.

thyroid nodule (78.1%). The majority of histology
was papillary cell type (74.3%), and non-aggressive
variant (97.5%). Total thyroidectomy was performed in
76.6% of patients. Fifty-two percent of patients under-
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DxTBS.

went thyroidectomy at Siriraj Hospital. Most patients
(62.1%) underwent only one session of thyroid surgery
before receiving the first RAIT (range, 1-4 sessions).
Cervical lymph node dissection was performed in
46.3% of patients and 89.1% were positive for cervical
node metastasis. The most common type of cervical
node surgery was node excision (48.6%), followed
by unilateral radical neck dissection (36.1%). Only
two patients underwent mediastinal node dissection.
Median tumor size was 2.55 cm. (range, 0-11 cm.).
Lack of pathological invasive properties such as mul-
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tifocality, extrathyroidal-, thyroid capsular-, vascular-,
lymphatic-, nerve-invasion, and tumor at the surgical
margin were noted in 51.4%, 70.7%, 62.5%, 81.4%,
92.7%,97.0% and 64.7% of patients, respectively. Two
hundred and eight patients (51.9%) had no evidence
of metastasis. Established metastases were noted prior
to first RAIT at cervical nodes (n = 167), lung (n =
8), bone (n = 8), mediastinal node (n=1), and mixed
regions (n = 9). Most patients (65.3%) received 5.55
GBq, followed by 2.96-3.7 GBq (33.2%) and 7.4 GBq
(1.5%) for the first RAIT.

Two physicians agreed on DXxTBS interpretation
in 353 patients; the resulting kappa value of 0.752
was consistent with good agreement between the two
observers!!®.

According to the criteria used in the present
study, successful first RAIT was achieved in 132 pa-
tients (32.9%). The successful group was composed of
66.67% of patients without metastasis, 32.58% with
cervical node metastasis and 0.75% with mediastinal
node metastasis. The unsuccessful group was com-
posed of 269 from 401 (67%) patients, determined by
positive DxTBS (36.4%), positivity for both DxTBS
and sTg (19.2%), positive sTg (11.2%) and rising of
TgAb (0.2%). In the unsuccessful group, 46.1% of
patients had cervical node metastasis, followed by
44.6% without metastasis, 3% with lung metastasis, 3%
with bone metastases and 3.3% with multiple regions
metastases. The baseline characteristics of patients in
the two groups were compared in Table 1.

Characteristic data of both groups were ana-
lyzed to evaluate prognostic factors. From logistic
regression (univariate) analysis, seven factors were
significant for success of the first RAIT as follows:
female sex, age of <45 years, underwent thyroidectomy
without cervical lymph node dissection, no multifocali-
ty, free surgical margin, no metastasis and sTg < 20 ng/
dl. Other parameters such as presenting symptoms, age
(without cut-off), pathology, types of thyroidectomy,
hospital of thyroid surgery, number of thyroid surgery
prior to the first RAIT, 24-hr "*'T uptake, duration from
thyroidectomy to RAIT, tumor size, extrathyroidal ex-
tension, invasive property, serum T4, TSH and TgAb
at ablation, sTg (without cut-off), doses of the first
RAIT, amount of thyroid hormone replacement and
drug compliance and duration between the first RAIT
and DxTBS were not significant.
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We further evaluated the 7 significant prognos-
tic factors by multiple logistic regression analysis for
their independency. The result showed that age of <45
years and sTg <20 ng/dl at ablation were independent
significant prognostic factors (both p<0.001). The 5
other tested factors were not significant, (Table 2).

The mentioned sTg cut-off value at 20 ng/dl
was derived after exclusion of patients with negative
sTg but positive TgAb (TgAb >10 IU/ml) and then
receiver operating characteristic (ROC) analysis was
performed. After exclusion, there were 88 and 165
patients in the successful and unsuccessful groups,
respectively. The sTg cut-off value at 20 ng/dl was
the best cut-off level to predict ablation outcome,
giving sensitivity and specificity values of 90.90% and
45.29%, respectively, (Fig 2).

To evaluate long term outcome, all of the
enrolled patients were followed up with a median
follow-up time of 87.98 months (range 6.14-207.08
months). In total, 240 patients were followed up for
longer than 5 years; of these, 26 patients were followed
for more than 10 years. Mean disease-free survival
time of the successful group (n = 132), as calculated
by the Kaplan—-Meier method, was 14.3 years, (Fig
3). Sixteen of patients with treatment success (12.1%)
developed recurrence, with a mean time of recurrence
at 3.20+2.54 years. The baseline characteristics of pa-
tients who developed recurrence were non-metastasis
(10/16 patients) and cervical node metastasis (6/16
patients). Sites of recurrence were at the thyroid bed
(68.8%), cervical node (12.5%), mediastinum (6.3%)
and multiples of these areas (12.5%). All patients
with recurrence received repeat RAIT for 1.88+1.20
sessions (range 1-5 sessions). Mean accumulative dose
was 15.21+7.19 GBq (range 6.66-33.30 GBq). One of
these patients received external radiation at neck after
the fourth RAIT showed non-iodine-avid metastatic
lymph nodes.

In the unsuccessful group (269 patients), there
were 46.1% with cervical node metastasis, 44.6%
without metastasis, 3% with lung metastasis, 3%
with bone metastases and 3.3% with multiple regions
metastases. Repeat RAIT were given to 238 patients
until they became free of disease. Sixty-eight patients
were lost during the follow-up, thus 170 patients were
available for evaluation of repeated RAIT success. The
success was eventually achieved in 89/170 patients
(52.4%); however, two of these patients had recurrence
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at the thyroid bed later on. The median number of re-
peat RAIT sessions given to this group was 1 session
(range 0—10 sessions), with median cumulative doses
of 11.1 GBq (range 6.66-33.30 GBq). Eighteen patients
received an accumulative dose of >37 GBq, but none
developed serious adverse effects or complications.
Two patients needed external radiotherapy for the
treatment of metastasis at the brain and neck. Causes
of RAIT cessation included no “'I avidity (n = 17),
transfer to another hospital (n = 14), poor performance
status (n = 10), death (n = 2) and poor response to
RAIT (n = 1). Five patients in the unsuccessful group
died during the follow-up period with mean duration
from ablation to censor of 43.99+21.29 months (range,
8.51-63.21 months).

Overall survival time was determined by time
to death or time to censor (lost follow-up). Six pa-
tients (five from the unsuccessful group) died during
follow-up; however, the exact causes of death were
unknown. The successful group had a mean overall
survival time of 99.09 months (range, 6.14-207.08
months). Conversely, the unsuccessful group had a
shorter mean overall survival time of 85.91 months
(range, 8.51-202.84 months), but there was no sta-
tistically significant difference in mean survival time
between the groups (p =0.467). Fig 4 summarizesd the
treatment outcome and follow-up in all 401 patients.

Owing to the relatively low overall success rate,
the authors attempted to evaluate the success of the first
RAIT in the subgroup of low risk patients. Patients with
metastasis, aggressive variants, invasion of tumor to
vascular or extrathyroidal structures, and incomplete
tumor resection were excluded. Moreover, patients
who had received subtotal thyroidectomy were also
excluded, owing to suboptimal surgery. There were
139 patients remaining after the exclusion. The success
rate of the low risk subgroup was 47.5%.

Discussion

It is known that DTC has favorable prognosis
after proper treatment with adequate thyroid surgery
follow by RAIT. There are multiple prognostic strati-
fication schemes for DTC, the most popular one is the
latest edition (seventh) of the AJCC TNM (tumor/node/
metastasis) staging system that classified patients into
four stages (stages I-1V). The newly developed quanti-
tative TNM (QTNM) method that is used to categorize
patients into three risk stages (low-, intermediate-,
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and high-risk) is more simple and correlates with dis-
ease-free survival (DFS) and cancer-specific survival
(CSS)1¥, These two staging systems were developed
from many prognostic factors, such as histology, age
(with 45 years of age being the cut-off), tumor size,
extrathyroidal extension and regional lymph node
metastasis. The MACIS staging system is another
staging system from the Mayo Clinic that has added
factors of completeness of resection and invasion?.
Thus far, these staging systems relate to recurrence and
death from thyroid cancer; but none can predict the first
RAIT outcome because the relevant prognostic factors
remain inconclusive.

Previous studies showed age, sex, cell type®,
staging®?, tumor size®*??, node metastasis®'?, distant
metastasis®, ablation dose” and sTg at ablation®??
as significant prognostic factors for the successful
ablation; however, these results were discrepant and
underwent no systematic analysis. Moreover, prognos-
tic factors may differ if different criteria for the suc-
cessful treatment were applied. Successful treatment or
remission criteria were recently changed. STg cut-off
to determine remission varied in the literature from
10 ng/d1"7, 2 ng/d1®*?¥, 1 ng/dI®Y to undetectable®.
Historically, DxTBS was almost always performed
in every patient; but currently, neck ultrasonography
is substituted for DXTBS®V. In the present study, we
used rather conservative criteria for successful RAIT
composed of negative DxTBS and sTg levels below 10
ng/dl, as it harmonized with our real clinical practice
at that time. We also categorized patients with rising
serial TgAb into unsuccessful or recurrence groups
because there is evidence that increased TgAb can be
used as a surrogate for persistent/recurrent disease®®.

The present study demonstrated the seven
significant prognostic factors for the success of the
first RAIT, which were female sex, age of <45 years,
underwent thyroidectomy without cervical lymph
node dissection, no multifocality, free surgical margin,
no metastasis and sTg <20 ng/dl at ablation. Two of
these (age <45 years and sTg <20 ng/dl at ablation)
are independent prognostic factors.

It is well-recognized that advanced age at di-
agnosis strongly correlates with poorer prognosis for
recurrence and CSS. The age factor complemented
various staging and prognostic systems for DTC®.
The AJCC TNM staging system categorizes patient
age <45 years into stages I and II, and >45 years into

213



stages [-IVU. The mortality rate increases 5 .4 times for
age >45 years compared with the lower age group®®.
However, the study of Mazurat et al. showed that using
the threshold at 55 year-old was better than at 45 year-
old"D. The cut-off at 45 years was still applied in the
majority of studies and staging systems. The present
study showed the significance of age at diagnosis with
the threshold at 45 years to the first RAIT outcome.
Without applying an age cut-off, there was no signif-
icance of age to the success of ablation, which was
compatible with the study of Verburg et al®¥. However,
Haymart et al reported confounding factors that may
relate to age, such as nutritional status, DNA repair
ability, function of sodium-iodide symporter, TSH
receptors, immune function and variation of genetic
mutation®. These factors should be considered as
they may influence and alter the significance of the
age factor.

Baseline sTg at ablation may reflect the amount
of residual thyroid tissue/tumor and metastasis, and
may correlate with the outcome of ablation. A previous
study confirmed the significance of sTg at ablation to
ablation outcome®, but the cut-off point of sTg was
not evaluated. A recent study showed sTg at the time of
ablation as well as tumor size, as the predictive factors
for remnant ablation®. Our study confirmed the sig-
nificant relationship between the cut-off value of sTg
and the outcome of the first RAIT. We found the most
suitable cut-off at 20 ng/ml, which was close to arecent
study that indicated the best cut-off sTg at 18 ng/dI*¥
and 28 ng/d1®”. STg cut-off at 20 ng/ml gives a high
sensitivity of 90.90% but a low specificity of 45.29%
for predicting the first ablation success. Conditions that
may interfere with the accuracy of sTg cut-off include
level of TSH, methods to stimulate TSH (by thyroid
hormone withdrawal or rhTSH administration) and
presence of TgAb. Another study using rhTSH as a
method of TSH stimulation found the significance of
sTg to the ablation outcome at a lower cut-off point
of 5 ng/d1@Y.

In the present study, the successful group had
a DFS of 14.3 years with a recurrence rate of 12.2%.
However, the unsuccessful group that was able to
achieve remission after repeated RAIT sessions had
only 2.2% (2/89 patients) recurrence rate. Recurrence
in the two patients was found within 2 years, and the
thyroid bed was the site of recurrence. Our result
did not correlate with the study of Verburg et al that
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reported the significantly higher 10-year DFS in the
ablation success group compared with the ablation
failure group (95% vs. 78%, p =0.007)®. Mazzaferri
et al®® showed a higher recurrence rate during longer
follow-up time. The 40-year recurrence rate was
around 35%, and a 23.5% recurrence rate was shown
at 16.6 years follow-up. The majority of recurrence was
observed within the first decade after treatment. The
lower recurrence rate of our study could have resulted
from the relatively high cut-off level of sTg (to indicate
remission) and shorter follow-up time. A further study
using an optimal sTg cut-off for remission following
many guidelines (ATA, etc.) may be warranted to
evaluate the recurrence rate after the successful first
RAIT. Additionally, recurrent cancer can be detected
until 40 years after treatment, thus a longer follow-up
time is necessary.

The present study showed an insignificant
difference in overall survival between groups, which
was not consistent with the literature®. A possible
explanation could be that numerous patients were lost
to follow-up in a short period; thus, the survival curve
reflects the censor date, not the true survival. Moreover,
the exact cause of death in our six patients could not
be obtained. Hence, the derived survival curve cannot

870 patients

469 Excluded

401 patients

Successful

Unsuccessfu

132(32.9%) 269(67.1%)

Lossfallow-up
1 patients

No repeat RAI
31(11.5%)

Repeat RAI
238 (88.5%)

Loss follow-up
68 (28.6%)

Recurrence

16(12.2%)

= = =

Final successfu

89 (52.4%)

L Recurrence

2(2.2%)

Final unsuccessful
81 (47.6%)

Fig.4 Summary of the first RAIT outcome in 401 patients,
result of repeated RAI treatment in unsuccessful

group and recurrence of successfully treated patients.
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imply thyroid cancer-specific survival. Further study
may be needed to evaluate the impact of the successful
first RAIT to disease specific recurrence and survival.

According to the result, we suggest modulation
of treatment and follow-up strategies based on each
patient’s risk factors to achieve a higher success rate.
Treatment modulation for high-risk patients should be
more aggressive, such as thorough imaging investiga-
tions prior to the first RAIT to find any possible hidden
metastasis, increased RAIT dose, and more frequent
follow-up. Increasing RAIT doses in high risk patients
who have potential for understaging may increase the
success rate but should be traded-off with the adverse
effects resulting from radiation. Serial blood sampling
for calculation of maximal safe dose should be done
in such cases. The safety and efficacy of this method
was proved in patients with non-responsive residual
disease®. Also, dosimetry-based RAIT may be used
to achieve higher success rates by maximizing tumor
absorbed dose®?. Successful RAIT at the first attempt
is important because it may improve quality of life, pre-
vent additional radiation exposure from repeated RAIT,
reduce costs, and shorten the waiting list of admission.
Ablation failure patients need close follow-up or further
investigations. About half of patients who failed from
the first RAIT could not become free of disease from
the repeat doses of RAIT®. Furthermore, some patients
may develop radioiodine refractory disease and need
re-surgery or external radiotherapy.

Remission criteria have an effect on treatment
success rates. The present study used remission criteria
of negative DxTBS and sTg with a cut-off at 10 ng/
dl. Though most studies used a lower sTg cut-off,
there were evidences that positive sTg below 10 ng/
dl without evidence of structural disease resulted in a
reluctance to administer repeat RAIT because it may
be from minimal, non-pathological residual thyroid
tissue or may decrease over time without any specific
treatment®V. Our study, using a criteria of sTg cut-off
at 10 ng/dl, negative DxTBS and no increase in serial
TgAb, gave a success rate from the first RAIT 0f 32.9%,
which was quite unsatisfactory. While Verburg et al
observed success from negative DxTBS and sTg < 1
ng/ml a higher successful ablation rate of 61% in a
group of patients with mixed risk. The successful abla-
tion rate in a low-risk group using criteria of negative
DxTBS and sTg < 2 ng/ml was increased to 73.5%>.
The possible explanation for the inferior success rate
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in our study is patient selection bias. Low-risk patients
were not included in the present study because they
were treated with low-dose RAI (1.11 GBq); thus the
patients enrolled in the study were generally in a higher
risk group. The study of Tresoldi et al confirmed that
the successful ablation rate was significantly lower
in intermediate-risk patients, compared with the low-
risk group studied (76.2% and 95.1%, respectively;
p =0.025)2D.

Many of the enrolled patients in our study had
unfavorable prognostic factors, such as multifocality
(48.6%), extrathyroidal extension (29.3%), positive
resection margin (35.3%) and metastasis (48.1%). In
the present study, none of the patients with lung or
bone metastases achieved successful RAIT at the first
attempt. Lymph node metastasis was found to be a
predictor for treatment failure®?. The high percentage
of patients with unfavorable factors may be caused
by delayed diagnosis and surgery resulting from low
patient awareness or limited access to public health
care at that time. In addition, approximately half of
our patients were referred from other hospitals, caus-
ing a delay in the initiation of the first RAIT. Yu et
al. compared the clinical outcome of patients treated
a long time ago versus those who treated in recent
years. They found a trend of progressively improved
prognosis over a 15-year period, probably because of
earlier diagnosis, lower staging and better diagnostic
tools in the recent years®?.

According to the 2009 ATA guidelines, the
initial surgical procedure should be near-total or total
thyroidectomy!®. However, the present study also
included patients who received subtotal thyroidec-
tomy (7.5%), which might have lowered the success
rate. Moreover, we observed that many patients were
under-staged due to un-identified metastasis at the
ablation time. Thus, the given RAI doses were lower
than they should have been, and this may have also
lowered the success rate. Pre-ablation, low-dose TBS
can be performed instead of *Tc pertechnetate thyroid
scans to prevent under-staging, and is currently being
used in some centers in Thailand; however, this should
be weighted with additional radiation exposure to pa-
tients, timing, work load, cost and possible stunning
effect. Subgroup evaluation of low-risk patients who
had received at least near-total thyroidectomy in the
present study showed an increasing of the successful
first RAIT rate to 47.5%.
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The study is limited because of its retrospective
method. The median follow-up time was shorter than
that of the other studies because many patients (68/238
patients) were lost during follow-up even though they
were not yet in remission. The prognostic consequence
of the first RAIT success with respect to thyroid
cancer-specific survival cannot be evaluated because
causes of death could not be identified. To solve this
problem, a prospective trial with long-term follow-up
is required. Moreover, prognostic factors from this
study may be not applicable to patients receiving low-
dose RAIT because we included patients treated with
high-dose RAIT. We suggest that prognostic factors of
successful low-dose RAIT in low-risk patients should
be studied separately. Finally, successful ablation cri-
teria and mode of investigation changes rapidly, and
this study used rather loose criteria for remission and
recurrence. It should be noted that the significance of
prognostic factors may also be affected by different
criteria.

Conclusion

Age below 45 years and sTg below 20 ng/
dl at ablation are significant independent prognostic
factors for the success of the first RAIT. The success
rate of the first RAIT in the present study was 32.9%.
Of those patients who could not acquire the success
from the first RAIT, 52.4% could achieve complete
remission from the repeated RAIT sessions. Moreover,
recurrent disease after complete remission is possible.
Modification of treatment to a higher initial dose of
RAIT and follow-up regimens are advised based on
each patient’s risk factors to ensure better ablation
results and long-term outcome.

What is already known on this topic?

DTC has a favorable prognosis following
treatment by thyroidectomy and subsequent RAIT.
However, the risk factors for the success of RAIT
within the first time is inconclusive.

What this study adds?

The result of the present study showed that
age below 45 years and sTg below 20 ng/dl at ablation
are independent prognostic factors for the success of
the first RAIT.
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