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Abstract

Background

The beneficial effects of radioactive iodine (RAI) ablation for intermediate-risk papillary thy-
roid cancer (PTC) patients are still controversial.

Materials and methods

To determine the impact of RAI therapy on disease-specific survival (DSS) in patients with
intermediate-risk PTC, we retrospectively analyzed the data of 23107 intermediate-risk PTC
patients who underwent primary thyroidectomy with or without RAI in the Surveillance, Epi-
demiology, and End Results (SEER) database.

Results

RAI therapy was significantly associated with improved DSS (adjusted HR = 0.65, P=
0.017) in intermediate-risk PTC patients after multivariate adjusting for clinicopathological
characteristics. However, subgroup analyses demonstrated that RAI ablation was only
associated with improved DSS in patients with male gender (adjusted HR = 0.47, P=
0.005), age > 45 years (adjusted HR = 0.34, P < 0.001) and tumor size > 20 mm (adjusted
HR =0.58, P=0.007).

Conclusion

RAI decision-making should be considered on an individual basis rather than “one size fits
all” in intermediate-risk PTC patients; only patients with male gender, age > 45 years, and
tumor size > 20 mm may benefit from RAI therapy.
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Introduction

Papillary thyroid cancer (PTC), accounting for 85% to 90% of all thyroid cancers, is the most
common endocrine malignancy, and its incidence has sharply increased worldwide in recently
decades [1,2]. Although PTC is generally considered to be an indolent tumor because of its
excellent overall prognosis, approximately 30% of patients present recurrent or persistent dis-
ease, which is related to higher risk of disease-specific death [3,4].

Radioactive iodine (RAI) treatment has been considered as a highly accurate and targeted
therapy with limited side effects for PTC because of the affinity of the thyroid for iodine. RAI
after total thyroidectomy may ablate normal thyroid remnants and destroy suspected micro-
metastases or known persistent disease, which might improve disease-specific and disease-free
survival. Early studies showed that RAI can improve the prognosis of patients with PTC [5-7].
For these reasons, RAI later became widely used in the treatment of patients with PT'C [8,9].
Although the side effects of RAI are considered minimal, they do occur. Ample data has
shown that RAI may cause some acute and long-term side effects [10-12], including nausea
and vomiting, swelling and pain in the salivary gland, loss of taste, pulmonary fibrosis, second
primary malignancies, and so on. Therefore, with the deeper understanding of the risks and
benefits of this therapy, the adoption of RAI in the treatment of PTC has gradually become rel-
atively conservative in recent years. According to the current American Thyroid Association
(ATA) guidelines, high-risk patients should be routinely treated with RAI therapy after sur-
gery, while low-risk patients should not be used. However, whether intermediate-risk patients
should be treated with RAI therapy has been controversial, because there is no clear evidence
that RAI will benefit their postoperative recurrence and survival.

A large number of retrospective studies have shown that RAI treatment may reduce the
recurrence and disease-specific mortality in patients with intermediate-risk PTC [13-15].
Moreover, a recent retrospective study based on data from the National Cancer Database
(NCDB) indicated that RAI therapy was associated with improved overall survival (OS) in
patients with intermediate-risk PTC [16]. Unfortunately, this study did not analyze disease-
specific survival (DSS), which might be more valuable than overall survival, because the overall
survival might be affected by age and comorbidities. In contrast, other investigations did not
show any benefit of RAI therapy, including a recent large-sample report from a single center
in which RAI therapy did not reduce the risk of loco-regional recurrence in patients with inter-
mediate-risk PTC, even in patients with aggressive characteristics such as BRAF positivity,
multifocality, extrathyroidal extension, and regional lymph node metastases [17].

To further evaluate the benefits of RAI treatment, we conducted a retrospective analysis
based on data from the National Cancer Institute Surveillance, Epidemiology, and End Results
(SEER) program to investigate the effects of RAI therapy on disease-specific survival (DSS)
among patients with intermediate-risk PTC. Furthermore, we tried to determine whether
there was an association between RAI therapy and improved survival in a cohort of patients
with specific risk factors.

Materials and methods
Data

A retrospective cohort study was performed using the data from the SEER database, which is a
U.S. population-based cancer registry. This database represents approximately 28% of the U.S.
population, capturing various information on patient demographic, clinical, tumor and treat-
ment. The SEER program statistical analysis software package (SEER*Stat 8.3.5, available at
https://seer.cancer.gov/seerstat/) was used to identify patients.
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Inclusion and exclusion criteria

Adult patients (> 18 years of age) diagnosed with PTC between 2004-2014 who underwent
total thyroidectomy (TT), near total thyroidectomy (NTT) or subtotal thyroidectomy (STT)
were identified using the following International Classification of Diseases for Oncology,
Third Edition codes (ICD-O-3): 8050/3, 8260/3, 8340/3, 8341/3, 8342/3, and 8343/3. Our
cohort was further restricted to patients with intermediate-risk PTC, defined as patients with
microscopic extrathyroidal extension and/or with metastatic cervical lymph nodes (T3NOMO;
T1-3N1MO) based on ATA risk criteria and American Joint Commission on Cancer (AJCC)
staging.

Patients with aggressive variants of PTC, such as tall cell, columnar, sclerosing and insular
variants, and poorly differentiated or anaplastic thyroid cancers were excluded. Patients with
more than one primary site of malignancy were excluded. Patients with missing data on tumor
size, extension, lymph node and distant metastases were excluded. Patients received external
radiation treatment were also excluded. The study was granted exemption by our institutional
review board.

Study variables

Demographic variables included patient age at diagnosis, gender, race, and year of diagnosis.
Age at diagnosis was divided four groups: < 45 years, 45-55 years, 55-65 years and > 65 years.
Pathologic and clinical characteristics included tumor size, extent of surgery (TT or NTT/
STT), bilaterality (yes or no), multifocality (yes or no), extrathyroidal extension (yes or no),
status of lymph node metastases (negative, positive or not examined), RAI therapy (yes or no),
follow-up time, vital status (alive or dead), and cause of death. Tumor size was divided four
groups: <10mm, 10-20 mm, 20-40 mm, and > 40 mm. The primary endpoint was disease-
specific survival (DSS), which was defined as the time from diagnosis to the date of death
caused by thyroid cancer or last follow-up. Deaths due to causes other than thyroid cancer
were censored when estimating DSS. The secondary endpoint was overall survival (OS), which
was defined as the time from diagnosis to death or last follow-up.

Statistical analyses

Patient characteristics were presented as mean + standard deviation for continuous variables,
and number with percentage for categorical variables. The differences of clinopathological
characteristics between patients received RAI and those who did not were assessed using
Mann-Whitney U test, chi-square or Fisher exact test according to the variable distribution.
DSS and OS differences were analyzed by Kaplan-Meier method and the log-rank test. The
variables associated independently with DSS or OS were identified by the Cox proportional
hazards models with adjusted hazard ratios (HRs) and 95% confidence intervals (CIs). To fur-
ther assess the prognostic impact of RAI ablation, subgroup analyses were performed based on
clinicopathological characteristics. All P values are two-sided and P<0.05 is considered statisti-
cally significant. All analyses were performed using the SPSS ver. 22.0 (IBM Corp., Armonk,
NY, USA).

Results
Clinicopathological characteristics

A total of 23107 intermediate-risk PTC patients were enrolled in our study. Of those, 16212
(70.2%) received RAI ablation and 6895 (29.8%) did not. There were significant differences in
demographic and clinicopathological features between patients who received RAI and those
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Table 1. Clinicopathological characteristics of intermediate risk PTC patients with or without RAI ablation. (N =23107).

Variables No-RAI N = 6895 (29.8%) RAIN =16212 (70.2%) P value
Race < 0.001
White 5466 (79.3) 13086 (80.7)
Black 448 (6.5) 674 (4.2)
other 981 (14.2) 2452 (15.1)
Gender 0.001
Female 4870 (70.6) 11791 (72.7)
Male 2025 (29.4) 4421 (27.3)
Age
Mean+SD (years) 46.5+16.14 44.1 £ 14.82 < 0.001
< 45 years 3283 (47.6) 8470 (52.3)
45-55 years 1458 (21.1) 3756 (23.2)
55-65 years 1155 (16.8) 2406 (14.8)
>65 years 999 (14.5) 1580 (9.7) < 0.001
Multifocality 3175(46.0) 8760 (54.0) < 0.001
Tumor size
Mean+SD (mm) 29.0 £27.21 25.3 +18.58 < 0.001
<10 mm 1332 (19.3) 3072 (18.9)
10-20 mm 2073 (30.1) 5529 (34.1)
20-40 mm 1789 (25.9) 4526 (27.9)
> 40 mm 1701 (24.7) 3085 (19.1) < 0.001
Regional LN metastasis < 0.001
Absent 1091 (15.8) 2164 (13.5)
Present 4172 (60.5) 11355 (70.0) < 0.001
CLNM 2477 (59.4) 6879 (60.6)
LLNM 1094 (26.2) 3305 (29.1)
NOS 601 (14.4) 1171 (10.3)
Not examined 1632 (23.7) 2676 (16.5)
ETE 2838 (41.2) 7201 (44.4) < 0.001
Vital status
Alive 6540 (94.9) 15958 (98.4) < 0.001
Overall death 355 (5.1) 254 (1.6) < 0.001
Cancer-specific death 163 (2.4) 82(0.5) < 0.001
Survival
10-year DSS 95.7% 98.3% <0.001
10-year OS 88.7% 95.4% <0.001
Median follow-up (months) (IQR) 44 (19-79) 48 (22-80) < 0.001

PTG, papillary thyroid cancer; RAI, radioactive iodine; SD, standard deviation; LN, lymph node; CLNM, central lymph node metastasis; LLNM, lateral lymph node

metastasis; NOS, not otherwise specified; ETE, extrathyroidal extension; DSS, disease-specific survival; OS, overall survival; IQR, interquartile range.

https://doi.org/10.1371/journal.pone.0234843.t001

who did not. Young age, multifocality, extrathyroidal extension and regional lymph node
metastasis were associated with an increased likelihood of receiving RAI ablation. (Table 1).

Prognostic impact of RAI ablation on DSS and OS

The median follow-up time was 47 months (range: 6-131 months, IQR: 21-80 months) for all
patients. The median follow-up time of no-RAI group was significantly shorter than that of the
RAT ablation group (44 vs 48 months, P < 0.001). During the follow-up period, 609 deaths
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Fig 1. Unadjusted disease-specific survival (A) and overall survival (B) difference for intermediate-risk PTC patients according to RAI therapy.
https://doi.org/10.1371/journal.pone.0234843.9001

(2.6%) were observed, of which 245 deaths (1.1%) were due to PTC-specific death. Details of
death were presented in Table 1. The DSS and OS were significantly higher for patients
received RAI than those who did not (log-rank, both P < 0.001) (Table 1 and Fig 1).

After adjusting for clinicopathological characteristics using the Cox proportional hazards
model (Table 2), RAI therapy was significantly associated with reduced disease-specific death
(adjusted HR = 0.65, P = 0.017) and overall death (adjusted HR = 0.54, P < 0.001) in interme-
diate-risk PTC patients. Male gender, older age (> 45 years), larger tumor (> 20 mm), multi-
focality, extrathyroidal extension and lymph node metastases significantly increased the risk
of disease-specific death or overall death when controlling for the remaining variables (all
P < 0.05).

Subgroup analyses (Table 3) demonstrated that RAI ablation was only associated with
improved DSS in patients with male gender (adjusted HR = 0.47, P = 0.005), age > 45 years
(adjusted HR = 0.34, P < 0.001) and tumor size > 20 mm (adjusted HR = 0.58, P = 0.007), but
this association was not observed in other subgroups, even in patients with several aggressive
features such as multifocality (adjusted HR = 0.70, P = 0.276), ETE (adjusted HR = 0.68,

P =0.108) and lymph node metastasis (adjusted HR = 0.70, P = 0.128). However, RAI had
significantly influence on OS based on different clinicopathological features in all subgroup
analyses, except patients with age < 45 years, underwent NTT/STT, and no lymph node
metastasis.

Discussion

The concept of risk stratification is critical for understanding the biological behavior of the dis-
ease and planning treatment. According to their relative risk of recurrence and death, thyroid
cancer patients were divided into high, intermediate, and low-risk groups by the ATA guide-
lines [18]. High-risk patients may have gross extrathyroidal extension, incomplete tumor
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Table 2. Cox proportional hazards model for disease-specific death or overall death in intermediate risk PTC patients.

Male gender
Age at diagnosis (years)
<45
45-55
55-65
>65
Extent of surgery (TT)
Tumor size (mm)
<10
10-20
20-40
> 40
Regional LN metastasis
Absent
Present
Not examined
Multifocality
ETE (+)
RAI (+)

PTC, papillary thyroid cancer; HR, hazard ratios; CI, confidence interval; ETE, extrathyroidal extension; RAI, radioactive iodine.

Disease-specific death
Adjusted HR (95% CI)
1.50 (1.07-2.10)

1

8.23 (3.51-19.32)
21.38 (9.51-48.06)
55.11 (25.10-121.03)
0.29 (0.16-0.54)

1
1.05 (0.48-2.28)
2.57 (1.28-5.16)
6.50 (3.31-12.78)

1
2.83 (1.67-4.82)
0.92 (0.51-1.66)
2.03 (1.40-2.95)
1.91 (1.36-2.69)
0.65 (0.46-0.93)

https://doi.org/10.1371/journal.pone.0234843.1002

Overall death
Adjusted HR (95% CI) P value
0.019 1.60 (1.32-1.93) < 0.001
1
< 0.001 3.80 (2.57-5.63) < 0.001
< 0.001 9.07 (6.27-13.11) < 0.001
< 0.001 34.60 (24.68-48.52) < 0.001
< 0.001 0.56 (0.36-0.89) 0.014
1
0.906 1.15 (0.84-1.58) 0.393
0.008 1.40 (1.02-1.92) 0.036
< 0.001 2.24 (1.63-3.07) < 0.001
1
< 0.001 2.00 (1.48-2.72) < 0.001
0.787 1.17 (0.85-1.60) 0.333
< 0.001 1.26 (1.04-1.52) 0.021
< 0.001 1.38 (1.13-1.68) 0.002
0.017 0.54 (0.44-0.65) < 0.001

resection or distant metastases. Intermediate-risk patients have microscopic extrathyroidal
extension, regional lymph node metastasis, vascular invasion, or aggressive histology (e.g. tall
cell, hobnail variant, columnar cell carcinoma). Low-risk patients have no extrathyroidal

extension, regional or distant metastasis, vascular invasion, or aggressive histology. Because
the risk of disease-specific mortality and persistent/recurrent disease is low and RAI treatment
has little benefit for low-risk patients [19], RAI adjuvant therapy is not routinely recom-
mended for low-risk PTC patients after total thyroidectomy. There are ample studies con-
firmed that RAI can reduce the risk of recurrence and improve the overall survival for high-
risk PTC patients, while the benefit of RAI for intermediate-risk patients was unclear. Under
these evidences, RAI treatment is routinely recommended for high-risk PTC patients with
strong recommendation, while RAI treatment should be considered after total thyroidectomy
in intermediate-risk patients with weak recommendation because of low-quality evidence

according to the ATA guidelines [18].

Until now, only a few retrospective studies have specifically studied the effect of RAI treat-
ment in intermediate-risk group, but these findings were controversial. Multivariate adjusted
analyses from NCDB showed that RAI treatment can significantly improve overall survival in

intermediate-risk PTC patients [16]. In a retrospective study, Chow SM et al [20] analyzed the
subgroup of 352 patients with microscopic extrathyroidal extension and found that RAI treat-
ment can significantly reduce the risk of recurrence. However, in a single institution retrospec-
tive studies from South Korea analyzing data from a cohort of 8297 intermediate-risk PTC
patients, RAI treatment was not significantly related to the risk of loco-regional recurrence
after adjusting for clinicopathological characteristics [17]. Another study from Korea also indi-
cated that RAI treatment did not decrease recurrence in intermediate-risk patients with
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Table 3. Subgroup analyses of the impact of RAI on DSS or OS in intermediate risk PTC patients.

Gender
Male
Female
Age at diagnosis
< 45 years
> 45 years
Tumor size
<20 mm
> 20 mm
Multifocality
Absent
Present
Regional LN metastasis
Absent
Present
CLNM
LLNM
ETE
Absent

Present

Adjusted HR of RAI (95% CI)

0.47 (0.28-0.80)
0.91 (0.56-1.49)

0.51 (0.14-1.86)
0.34 (0.25-0.46)

0.61 (0.28-1.30)
0.58 (0.39-0.86)

0.68 (0.44-1.05)
0.70 (0.37-1.33)

1.05 (0.38-2.90)
0.70 (0.44-1.11)
1.11 (0.50-2.44)
0.55 (0.25-1.19)

0.63 (0.36-1.12)
0.68 (0.43-1.09)

P value

0.005*
0.703

0.305
<0.001*

0.197
0.007*

0.082
0.276

0.926
0.128
0.801
0.127

0.112
0.108

Adjusted HR of RAI (95% CI)

0.46 (0.35-0.62)
0.59 (0.46-0.76)

0.60 (0.31-1.13)
0.51 (0.42-0.63)

0.60 (0.44-0.82)
0.47 (0.37-0.59)

0.56 (0.43-0.72)
0.52 (0.39-0.69)

0.57 (0.21-1.58)
0.49 (0.38-0.63)
0.51 (0.35-0.71)
0.50 (0.31-0.80)

0.42 (0.32-0.56)
0.66 (0.51-0.87)

P value

< 0.001*
< 0.001*

0.113
< 0.001"

0.001*
<0.001*

< 0.001*
< 0.001*

0.203
< 0.001*
< 0.001*

0.004*

< 0.001*
0.003*

RAI, radioactive iodine; DSS, disease-specific survival; OS, overall survival; PTC, papillary thyroid cancer; HR, hazard ratios; CI, confidence interval; LN, lymph node;

CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; ETE, extrathyroidal extension.

* Adjusted for gender, age at diagnosis, tumor size, multifocality, regional LN metastasis and ETE, except for the subgroup variable being studied.

https://doi.org/10.1371/journal.pone.0234843.t003

papillary thyroid microcarcinoma [21]. A recent systematic review reported conflicting results
on the effect of RAI therapy on disease recurrence in intermediate-risk patients. The authors
found that 11 original studies observed some benefit in reducing recurrence with RAI treat-
ment, while 13 studies failed to show benefit [22]. Several hypotheses can be proposed to

explain these inconsistent results. First, due to ethnic differences, there may be different prog-
nostic factors. Second, because of the inertness of PTC, in some studies, the follow-up period
might be too short to detect a significant difference in recurrence or survival. Third, different
centers have different treatment protocols, such as dealing with lymph nodes of central neck
area, some are routine prophylactic CND, and some are not, which might have an important

impact on RAI for recurrence or survival.

In our study, we conducted a retrospective large-sample cohort analysis based on SEER

database and found that RAI can increased the OS in majority of patients with intermediate-
risk PTC, except patients with age < 45 years, underwent NTT/STT, and no lymph node
metastasis. This finding differed from the previous NCDB study which suggested that RAI was
associated with an increased overall survival in all patients including patients < 45 years [16].
Unlike the NCDB, the SEER database also provides disease-specific death information, there-
fore we could analyze DSS in addition to OS. Our results indicated that RAI can increased the
DSS in all patients (adjusted HR = 0.65, P = 0.017). To make the results more homogeneous,
subgroup analyses were conducted stratified by clinicopathological features, and we found that
the benefits of RAI treatment were only observed in patients with male gender (adjusted

HR = 0.47, P = 0.005), age > 45 years (adjusted HR = 0.57, P = 0.002) and tumor size > 20
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mm (adjusted HR = 0.58, P = 0.007). However, DSS was not affected by the use of RAI regard-
less of ETE and lymph node metastasis, even in patients with lateral lymph node metastasis
(LLNM). ETE is divided into microscopic ETE and gross ETE. Only microscopic ETE belongs
to the intermediate-risk group, gross ETE belongs to the high-risk group. It is not difficult to
understand that the ETE has no impact on RAI ablation for DSS in intermediate-risk PTC
patients, because many recent studies have shown that microscopic ETE is not related to recur-
rence-free survival [23,24]. However, it seems to contradict the clinical impression regarding
the effect of lymph node metastasis, especially lateral lymph node metastasis on RAI ablation
for DSS. Clinically lymph nodes metastasis is associated with recurrence [25,26], but the effect
on survival is controversial. Following the current guidelines, clinically suspicious LLNM
should be removed by therapeutic lateral neck dissection (LND). Similar to the group without
LND, the LND group had little chance to detect undetected LLNM after LND. Therefore, their
prognosis may be similar in patients with or without LLNM.

Age and tumor size are important prognostic factors for PTC and have been used as major
stratification factors in prominent classification systems such as TNM (Tumor, Nodes, Metas-
tases), MACIS (Metastases, Age, Completeness of resection, Invasion, Size) and AMES (Age,
Metastases, Extent, Size) [27-29]. Old age and larger tumor size were associated with higher
recurrence and death risk in patients with PTC. Therefore, a more aggressive treatment
including RAI therapy for these patients has been advocated by some researchers [30,31].
Whether male gender is a negative prognostic factor for PTC is controversial. Some studies
supported this correlation between male gender and adverse outcome, but other studies failed
to show the prognostic value of gender, which hypothesized that worse outcomes in men may
potentially be accounted for by a more aggressive behavior of PTC in these patients [32].
Whether the aforementioned factors affect the efficacy of RAI is not conclusive. Our study
based on large-sample data indicated that RAI ablation only benefits intermediate-risk PTC
patients with male gender, age > 45 years and tumor size > 20 mm.

Our study has several limitations. There may be coding errors in the SEER database.
Although SEER performed annual audits, no centralized review of pathologic specimens by
thyroid pathologist is performed. However, the SEER was highly standardized and its accuracy
has been described in numerous studies [33,34]. In addition, the SEER database didn’t record
the information related to patient comorbidities, vascular invasion, recurrence, biochemical
data (such as thyroglobulin, thyroid stimulating hormone, and thyroxine levels), the ablation
doses and frequency and pertinent molecular markers (such as BRAF, RET and TERT gene
status), which may affect the clinical response to RAI therapy for patients with PTC.

Conclusion

This is the first nationally representative study to address the association of RAI therapy with
DSS for intermediate-risk PTC patients, as defined by ATA and AJCC criteria. RAI decision-
making should be considered on an individual basis rather than “one size fits all” in intermedi-
ate-risk PTC patients; only patients with male gender, age > 45 years and tumor size > 20 mm
may benefit from RAI therapy. However, due to the potential limitations, further more studies
including randomized controlled trial are needed to confirm or adjust our findings.
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