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Abstract

Objective: To assess the effectiveness of radioactive iodine (RAI) ablation among patients with interme-
diate-risk differentiated thyroid cancer (DTC) following surgery. Subjects and Methods: This population
based study obtained information from the Surveillance, Epidemiology, and End Results (SEER) Program Re-
search Data (1973-2013). National Cancer Institute, DCCPS, Surveillance Research Programme, Surveillance
Systems Branch, released April 2016, based on the November 2015 submission. A total of 93,530 patients
with primary thyroid cancer were identified in the SEER database during the period of 2004-2013 and focu-
sed on patients with DTC post-operatively treated or not treated with radioactive iodine (RAI). From these
9,127 patients were selected who had intermediate-risk DTC. A total of 8,601 patients were included in this
study. For the overall population, the mean age of the population was 47.3 years and the majority were fe-
male (70.5%). Results: Kaplan-Meier analysis found the mean overall survival time (OS) for subjects with no
radiation therapy which was 112.9 months and 114.9 months for those who received RAI ablation treat-
ment (P< 0.001). However, thyroid cancer-specific survival was not significantly different between treat-
ment groups (117.7 vs. 118.0 months, log-rank test P=0.164). Overall survival and thyroid cancer-specific 1
year, 5 years, and 10-years survival rates were =89.8% and were similar between both treated groups. Multi-
variate analysis found age, gender, histologic type, and degree of lymph node metastases to be associated
with OS, and age, gender, degree of lymph node metastasis and extra-thyroid tumor spread were indepen-
dent factors for cancer-specific survival. In DTC patients with intermediate cancer risk multivariate analysis
found that RAI was associated with a reduced risk of mortality compared with no radiation therapy (HR=
0.710,95% Cl: 0.562-0.897, P=0.004) but no significant difference was seen in cancer-specific survival, either
based on whole study population or on tumor size category. Conclusion: In DTC patients with intermediate
cancer risk although postoperative RAl ablation following surgery showed a benefit in overall survival, no
significant difference was seen in cancer-specific survival, either based on whole study population or on tu-
mor size category.
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Introduction

ifferentiated thyroid cancer (DTC), including papillary and follicular histotypes,
make-up >90% of all thyroid cancers [1]. An increased incidence of DTC has been
observed worldwide and may be attributable to better detection of early disease [1].

Differentiated thyroid cancer can be treated through complete surgical ablation, that is
considered the ideal surgical treatment [2-4]. However, in a number of patients signifi-
cant remnants are left in situ, and in such cases administration of radioactive iodine (RAI)
is used. The goal of remnant ablation is to eliminate any normal thyroid tissue remaining
after surgery, and to destroy suspected microscopic neoplastic cells with the idea of imp-
roving disease-free survival [5]. However, RAI is associated with several adverse events
which negatively impact treatment outcomes [5]. In the past years, RAl ablation was indi-
cated for almost every patient with DTC, however more recently, the management of DTC
has changed in order to consider the individual risk of the patients for recurrent disease
[5-8].

The individual risk of a patient depends upon a number of factors including gender, fa-
mily history of the disease, tumor characteristics, presence of metastases, as well as se-
rum thyroglobulin (Tg) levels and results of neck ultrasonography following surgery [5, 9-
11]. Low risk patients undergo lesser surgery with or without RAI, and high-risk patients
are managed aggressively with total thyroidectomy, compartment-based neck dissec-
tion, and high dose RAI [5, 6]. However, due to a paucity of clinical study data, the mana-
gement of patients with intermediate-risk disease is not well defined. Intermediate risk
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DTC is the second most common presentation which varies
from 25% to 35% of all DTC [12]. Patients with intermediate
disease are defined by the American Thyroid Association
(ATA) as having one or more of the following characteristics:
age >45 years, vascular invasion, microscopic extrathyroidal
extension (T3), the presence of cervical lymph node metas-
tases (pN1),and the presence of aggressive histological vari-
ants [5, 9]. To-date only four studies have evaluated treat-
ment efficacy of RAl in intermediate-risk patients [12-15].
None of these studies evaluated the impact of RAl ablation
therapy on the prognosis of patients with intermediate-risk
DTC.The aim of this study was to investigate the prognostic
effect of RAl ablation in intermediate-risk patients following
surgery.

Subjectsand Methods

Datasource

This population based study obtained patient data informa-
tion from the Surveillance, Epidemiology, and End Results
(SEER) Programme (www.seer.cancer.gov) Research Data
(1973-2013), National Cancer Institute, DCCPS, Surveillance
Research Program, Surveillance Systems Branch, released
April 2016, based on the November 2015 submission. The
SEER program is a population-based cancer registry cove-
ring approximately 30% of the population of the United Sta-
tes. The database is the largest available public and authori-
tative information source on cancer incidence and survival.
All of the SEER data are de-identified, and hence, analysis of
the data does not require Institutional Review Board appro-
val or subject informed consent. We received permission to
access the SEER database (reference number is 13765-Nov
2015).

Study population

Patients with a diagnosis of DTC (ICD-O-3 site C739) and his-
tologic types of papillary thyroid carcinoma (ICD-O-3: 8050,
8340~8344) or follicular thyroid carcinoma (ICD-O-3: 83-
30~8332,8335) were identified in the SEER database. All pa-
tients selected were in the postoperative state (cancer-di-
rected surgery=10~80, 90). Intermediate-risk category was
extracted based on the American Joint Committee on Can-
cer (AJCC) TNM classification system of T1/2 N1 M0 and T3
with/without N1 MO.

Study variables

The study endpoints were overall survival (OS) and overall
mortality of cancer-specific death. Overall survival was cal-
culated from the day of diagnosis to the date of death from
any cause. Cancer-specific death designated that the person
died of their cancer, and was calculated from the day of diag-
nosis to the date of death, which was indicated as “Vital Sta-
tus” in the SEER database. Independent variables assessed
included use of postoperative RAl and no radiotherapy. Re-
lative variables collected included patient demographics
(age at diagnosis, gender, race/ethnicity) and disease charac-

teristics (histology, tumor size, degree of spread to regional
lymph node, extrathyroidal spread of tumor and number of
tumors observed).

Statistical analysis

Continuous variables were expressed as mean * standard
deviation, with independent sample t-test, categorical data
were shown as count and percentage, with chi-square test
orFisher's exact test. Kaplan-Meier method with log-rank te-
st was used to compare OS and cancer-specific survival bet-
ween receiving no radiation therapy group and the RAI gro-
up. Univariate and multivariate Cox regression model were
used to identify risk factors for survival outcomes. Variables
that showed significant association with overall survival and
cancer-specific survival by univariate analysis were selected
for multivariate Cox regression analysis. For overall survival
analysis, any cause of deaths was treated as events and sur-
vivors were treated as censored events. Among cancer-spe-
cific survival, deaths attributed to thyroid cancer were cons-
idered as events and deaths from other causes or survivors
were treated as censored events. Statistical analyses were
performed by IBM SPSS statistical software version 22 for
Windows (IBM Corp., Armonk, New York, USA). And two-ta-
iled P <0.05 indicated statistical significance.

Results

Study subject

A total of 93,530 patients with primary thyroid cancer were
identified in the SEER database during the period of 2004-
2013. From these 9,127 patients were selected who had in-
termediate-risk DTC and histologic subtypes of papillary
thyroid carcinoma or follicular thyroid carcinoma. Fifty-four
patients who had no surgery performed and 472 patients
who received non-RAI ablation therapy or whose therapy
was unknown were exclude. A total of 8,601 patients were
includedinthis study.

For the overall population, the mean age of the popu-
lation was 47.3 years and the majority were female (70.5%).
RAl ablation therapy was received by 67.6% of the popula-
tion (Table 1). Patient and disease characteristics differed
between treatment groups.The mean patientage was signi-
ficantly higher in subjects with no radiation therapy then in
the RAI group (48 vs. 47 years, P = 0.008). More patients in
the RAI group were white had papillary thyroid carcinoma
and a tumor size of T1/T2 compared with the non-radiation
group. Fewer subjects in the RAI group had T3 tumors, no
metastasis to regional lymph nodes (NO), localized tumors
with no extra-thyroid extension (ETE), and solitary tumors (P
values<0.001).

Overall survival

During the study period, a total of 294 patients died, 69 of
which were attributed to thyroid cancer. Kaplan-Meier ana-
lysis found a significant difference in OS between no radi-
ation therapy and RAl ablation; the mean OS time of subjects
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Table 1. Baseline of thyroid cancer patientsin SEER database.

Radioactive iodine ablation

Characteristics Total No radiation Radioactive iodine P-value
(N=8601) therapy (N=2785) ablation (N=5816)
Age 47.34+15.47 48.0+16.10 47.03+15.15 0.008*
Gender 0.068
Male 2517(29.3) 779(28.0) 1738(29.9)
Female 6084(70.7) 2006(72.0) 4078(70.1)
Race <0.001*
White 6888(81.1) 2178(79.5) 4710(81.8)
Black 727(8.6) 290(10.6) 437(7.6)
Others 881(10.4) 270(9.9) 611(10.6)
Histologic type <0.001*
Papillary thyroid 7192(83.6) 2244(80.6) 4948(85.1)
carcinoma
Follicular thyroid 1409(16.4) 541(19.4) 868(14.9)
carcinoma
Tumor size 0.001*
T1/T2 2344(27.3) 696(25.0) 1648(28.3)
T3 6257(72.7) 2089(75.0) 4168(71.7)
Degree of spread to <0.001*

regional lymph nodes

NO 4719(54.9) 1715(61.6) 3004(51.7)

N1 499(5.8) 159(5.7) 340(5.8)

N1ia 2140(24.9) 608(21.8) 1532(26.3)

N1b 1168(13.6) 258(9.3) 910(15.6)

NX 75(0.9) 45(1.6) 30(0.5)

Extrathyroidal <0.001*

spread of the tumor

Localized with no 5150(62.5) 1759(66.3) 3391(60.7)
ETE

Minimal ETE 1524(18.5) 438(16.5) 1086(19.4)
Prominent ETE' 1568(19.0) 455(17.2) 1113(19.9)
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Number of tumors
seen

No evidence of primary 34(0.4)
tumor, primary tumor in

ectopic thyroid tissue

Solitary tumor 4331(51.0)

Multifocal tumor 4126(48.6)

17(0.6)

1564(56.9)

1167(42.5)

<0.001*

17(0.3)

2767(48.2)

2959(51.5)

Age was presented as mean * standard deviation and other factors were expressed as frequency (%). ETE, extrathyroid extension* Significant
difference among the groups, P<0.051 Prominent ETE refers to tumor extension to pericapsular soft tissue/connective tissue, parathyroid, nerves,

cricoid cartilage surrounding, and trachea

with no radiation therapy was 112.9 months and was 114.9
months in patients who were given RAI (log-rank test, P<
0.001) (Figure 1). However, thyroid cancer-specific survival
was not significantly different between treatment groups
(117.7 for noradiation vs. 118.0 months for RAl; log-rank test
P=0.164) (Figure 1).Overall survival 1 year, 5 years,and 10 ye-
ars survival rates were: 98.5%, 95.0% and 89.8% for the sub-
jects with no radiation therapy and 99.7%, 96.8% and 92.2%
for the subjects with RAI ablation. For rates of cancer-spe-
cific survival, the 1 year, 5 years and 10 years survival rates
were 99.5%, 98.8% and 98.2% for the subjects of no radia-
tion therapy; 99.9%, 99.2% and 97.8% for the subjects of RAI
ablation.
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Figure 1. Comparison of differences between no radiation therapy and radioac-
tiveiodineablationin the (A) overall survival and (B) cause-specificsurvival of pati-
entswith primary thyroid cancer.

Overall survival and cancer-specificsurvival based on
tumorsize

Overall survival and cancer-specific survival were evaluated
by tumor size between noradiation and RAl ablation groups.
No difference was observed between treatment groups for
0OS (114.4 months for no radiation vs. 115.8 months for RAI;
log-rank test P=0.113) and cancer specific survival (118.6
months for no radiation vs. 118.5 months for RAI; log-rank
test P=0.801) in subjects with T1/T2 size tumors. However,
the RAl ablation group had significantly longer survival time
than the no radiation therapy group in subjects with T3 sta-
gecancer (114.7 vs. 112.4 months, respectively; log-rank test
P<0.001) (Figure 2). No difference was seen between groups
for cancer-specific survival in patients with T3 cancer (117.3
months for no radiation vs. 117.8 months for RAI, log-rank
testP=0.154) (Figure 3).

Risk factors of mortality

Univariate Cox regression analysis found that age, gender,
histologic types, RAl ablation, tumor size, and degree of sp-
read to regional lymph nodes were significant factors for
overall survival (P values < 0.05) (Table 2). It also indicated
that age, gender, tumor size, degree of spread to regional
lymph nodes and extrathyroidal spread of the tumor were
significant factors for cancer-specific survival (P values
<0.05) (Table 2).

The factors found to be significant in univariate analysis
were used in the multivariate Cox regression models for OS
and cancer-specific survival (Table 2) Multivariate analysis fo-
und that age, gender, histologic type, and degree of spread
to regional lymph nodes were independent factors associa-
ted with OS (P=0.043) (Table 2). Age, gender, degree of spre-
ad to regional lymph nodes and extrathyroidal spread of the
tumor were independent factors associated with cancer-
specific survival. Multivariate analysis also found the RAI ab-
lation was associated with a reduced risk of mortality com-
pared with no radiation therapy (HR=0.710, 95% Cl: 0.562-
0.897,P=0.004).

Discussion

The management of DTC has recently changed so that treat-
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ment strategy is individualized based on risk stratification .
This population based study investigated the effectiveness
of RAl therapy following surgery among patients with inter-
mediate-risk DTC. The study found that RAl ablation was as-
sociated with longer OS compared with radiation therapy
(112.9 vs. 114.9 months, respectively). However, both treat-
ments were similar with respect to cancer-specific survival.
Age, being male, and degree of lymph node metastasis were
associated with reduced OS and cancer-specific survival.
Histological type and extra-thyroid tumor spread were also
independent factors for OS and cancer-specific survival, res-
pectively.

(A) Ti/T2
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-
S
&
E
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odine at consored
Log Rank test. p = 0.113
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Figure 2. Differences in overall survival between no radiation therapy and radi-
oactiveiodineablationinthe (A) T1/T2and (B) T3 "stage cancer", respectively.

Onlyalimited number of studies have evaluated the prog-
nosis of the use of RAl ablation in patients with intermediate
following surgery. A prior study assessed the use of adjuvant
RAl therapy following surgery in patients with intermediate
risk DTC [12]. Ballal et al. (2016) [12] included patients with
DTCthat either had surgical ablation (GR-1) or following sur-
gery had significant remnant/nodal disease (GR-2). Only pa-
tients in the GR-2 group were treated with RAI therapy. De-
pending upon adjuvant RAI outcome, the GR-2 patients
were separated into ablated (GR-2a) or not ablated (GR-2b).
Over a median follow-up time of 10.3 years, 9.6% (12/125) of
patients in the GR-1 groups had disease recurrence and 8%
had persistent disease, and 5.9% (6/102) and 4.9% in the GR-
2a group had disease recurrence or persistent disease, res-
pectively. In patients that failed RAI therapy (GR-2a) 29.6%
(8/27) had persistent disease (P=0.000). Overall survival was

100% for both groups, and disease-free survival were 92%
for GR-1 and 90% for GR-2 groups. The authors concluded
that RAI was not necessary patients whose DTC was surgi-
cally ablated, and that in patients who failed to achieve abla-
tion after their first dose of RAI, perhaps should be consi-
dered to be in the high-risk category and treated aggres-
sively.
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—MINo rediaton tharapy
—IR odine ablk
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Figure 3. Differences in cancer-specificsurvival between no radiation therapy and
radioactiveiodineablationinthe (A) T1/T2and (B) T3 "stage cancer", respectively.

Castagna et al. (2013) [15] evaluated the impact of low do-
se (1110-1850MBq) and high dose (>3700MBq) RAI therapy
in patients with DTC classified as of intermediate risk. Of pati-
ents with low or high dose RAI therapy, 60% in each group
had disease remission six to 18 months after ablation surge-
ry. Persistent disease was observed in 18.8% of patients tre-
ated with low and in 14.3% of patients treated with high RAI
dose, and metastatic disease was seenin 21.2% and 27.5% of
patients, respectively (P=0.56). At 4.2 to 6.9 years, disease
remission occurred in 76.5% of patients treated with low do-
se in 72.1% of those treated with high dose RAI, and death
occurredin 2.4% and 2.1% of these patients, respectively. The
authors conclude that in patients with DTC, high dose RAI
therapy showed no advantage to low dose RAI therapy. The
findings of Castagna et al. are supported by two earlier meta-
analyses which found, using pooled data from randomized
trials, that use of lower RAI doses was as effective as higher
doses of RAl for thyroid remnant ablation [17, 18]. We did not
evaluate the effect of dose on outcomes in our study.

However, Castagna et al. (2013) do not explain in the pub-
lished paper the need for RAl remnant ablation therapy in the
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patients who had complete surgical ablation [15]. It is of in-
terest that the study of Ballal et al. (2016) indicated that adju-

va

nt RAI therapy is not necessary in surgically ablated pati-

ents [12]. The findings of our study suggested that even in
patients without complete surgical ablation, RAl showed
benefit for OS but not for cancer-specific death, raising the
questions of when itis necessary/advisable to use RAl follow-
ing surgery.

Ballal et al. (2016) using univariate analysis found that prog-
nostic factors associated with tumor recurrence in the inter-
mediate-risk patients with DTC were being >45 years of age,
TNM stage IVa, stimulated Tg levels at first follow-up >10 ng/
mL, and failure to attain remission with the initial dose of RAI
therapy [12]. These findings are similar to prior studies [19-
22]. We also found that age, histologic type, and degree of
lymph node metastasis impacted the prognosis of patients
following RAl on OS and cancer specific survival.

Like other published studies that used SEER databases,
our study has several limitations that should be considered.
Although SEER conducts regular audits to evaluate both da-

ta

completeness and quality, some misclassification of pati-

ent information (e.g., tumor size or subtype diagnosis) are
inevitable. In addition, though the SEER database includes a
large comprehensive database of patients with thyroid can-

ce

r, the database only captures a limited percentage (about

30%) of the U.S. population. Furthermore, populationsin ot-
her countries may not behave the same and the occurrence

of

DTCinother populations may vary.

In conclusion, this population based study found that RAI
improved OS but not cancer-specific survival following sur-
gery in patients with DTC. It also showed that the impact of
RAl on OS and cancer-specific survival were not dependent
upon tumor size. Given the results of the present study, a cli-
nician needs to assess the need of RAl ablation among DTC
patients, especially of low and intermediate-risk.
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