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Abstract

Radioactive iodine (RAI) is a key component in the treatment of differentiated thyroid 
cancer. RAI has been recommended more selectively in recent years as guidelines evolve 
to reflect risks and utility in certain patient subsets. In this study we sought to evaluate 
the survival impact of radioactive iodine in specific thyroid cancer subgroups. Nationwide 
retrospective cohort study of patients using the National Cancer Database (NCDB) from 
2004 to 2012 and Surveillance, Epidemiology, and End Results (SEER) database from 1992 
to 2009 examining patients with differentiated thyroid cancer treated with or without 
RAI. Primary outcomes included all-cause mortality (NCDB and SEER), and cancer-specific 
mortality (SEER). Cox multivariate survival analyses were applied to each dataset, and in 
135 patient subgroups based on clinical and non-clinical parameters. A total of 199,371 
NCDB and 77,187 SEER patients were identified. RAI was associated with improved all-
cause mortality (NCDB: RAI hazard ratio (HR) 0.55, P < 0.001; SEER: HR 0.64, P < 0.001); and 
cancer-specific mortality (SEER: HR 0.82, P = 0.029). Iodine therapy showed varied efficacy 
within each subgroup. Patients with high-risk disease experienced the greatest benefit 
in all-cause mortality, followed by intermediate-risk, then low-risk subgroups. Regarding 
cancer-specific mortality, radioactive iodine therapy was protective in high-risk patients, 
but did not achieve statistical significance in most intermediate-risk subgroups. Low-risk 
T1a subgroups demonstrated an increased likelihood of cancer-specific mortality with 
iodine therapy. The efficacy of RAI in patients with differentiated thyroid cancer varies by 
disease severity. A negative cancer-specific survival association was identified in patients 
with T1a disease. These findings warrant further evaluation with prospective studies.

Introduction

Thyroid cancer is the most common new malignancy 

diagnosed in the United States. It also carries an expanding 

global disease burden, in part due to the increased detection 

of tumors that may otherwise remain asymptomatic 

and not impact mortality (Vaccarella et  al. 2016).  

In 2019, we are likely to see nearly 57,000 new cases, 

and approximately 2000 deaths from this disease in the 

United States alone (Siegel et al. 2017). The vast majority 

of these cases are well-differentiated thyroid carcinomas 

(DTC), consisting of papillary and follicular histology, 
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which carry an overall excellent prognosis, particularly 

in early-stage disease. With appropriate treatment, 5-year 

survival exceeds 95% (Sherman 2003).

Surgery is often the first step in successful therapy for 

thyroid cancer. In the past, nearly all patients received 

adjuvant RAI; however, guidelines have recently shifted 

toward a more individual and stratified approach. Today, 

only select cases of DTC warrant RAI, typically indicated in 

thyroid remnant ablation, adjuvant therapy, or treatment 

of known persistent disease. In the 2015 American Thyroid 

Association guidelines for the management of thyroid 

cancer, RAI adjuvant therapy is routinely recommended 

after total thyroidectomy for patients with high-risk 

disease and should be considered for intermediate-risk 

disease (Haugen et al. 2016). It is not recommended for 

patients with low-risk disease (Haugen et  al. 2016). The 

evidence supporting RAI in high-risk patient subgroups 

is relatively undisputed (Jonklaas et  al. 2006). In the 

intermediate-risk DTC subgroups, there is controversy 

surrounding appropriate use. A growing body of literature 

indicates that the risk/benefit ratio is in favor of avoiding 

RAI in low-risk populations.

To facilitate evidence-based decision making, we 

sought to evaluate the association between RAI and 

mortality across all patients with DTC, as well as in 

specific subgroups. A deeper understanding of the impact 

of RAI therapy in DTC subpopulations may help refine its 

indications and reduce unnecessary treatment, cost, and 

adverse effects.

Materials and methods

This retrospective study included patients in the 

National Cancer Database (NCDB) from 2004 to 2012 

and Surveillance, Epidemiology, and End Results (SEER) 

database from 1992 to 2009 who had DTC as their 

only malignancy. Histopathology inclusion criteria 

were papillary or follicular carcinomas (ICD-O-3 C73.9; 

histology 8050, 8260, 8330, 8331, 8332, 8335, 8340, 

8341, 8342, or 8343).

Race categories as defined by SEER were grouped as 

white, black, Asian, Hispanic, and other/unknown. Age 

was recorded at the time of diagnosis. Primary tumor, 

nodal, and metastatic characteristics were used to 

manually stage SEER patients using the 2010 American 

Joint Committee on Cancer (AJCC) 7 TNM criteria for 

DTC. For both datasets, patients coded as receiving 

isotope radiation had done so in the context of treatment, 

rather than for diagnosis or disease monitoring.

The main outcome measures were all-cause mortality 

(NCDB and SEER) and thyroid cancer-specific mortality 

(SEER). Univariate statistics were generated for clinical, 

treatment, and demographic variables. Bivariate statistics 

were generated for RAI use and mortality, and Pearson 

chi-squared P values determined.

Cox multivariate analyses were applied to each dataset 

and covariates included: receipt of RAI, T/N/M stages, 

age, gender, and race. Charlson Comorbidity Index (CCI) 

information was not available in SEER, but was added as a 

covariate in the NCDB analyses (reference group CCI = 0).

In both datasets, the same multivariate analysis was 

applied to 135 unique patient subgroups based on different 

combinations of clinical and non-clinical parameters. 

Covariates were identical as in the overall analyses, and 

collinear variables were automatically excluded from the 

analysis during this process. From each of the subgroup 

multivariate analyses, the hazard ratio (HR) for RAI use 

was compared to evaluate the relative impact of RAI in 

each subgroup.

Analyses were performed using STATA SE (Stata Corp.). 

All confidence intervals (CIs) are reported as 95% CI. This 

study was exempt from institutional review board’s review 

because it utilized de-identified patient information from 

publicly available databases.

Results

There were 199,371 patients in the NCDB and 77,187 

patients in the SEER dataset that met inclusion criteria. 

The median ages were 44 years and 48 years, respectively. 

Patients were predominately female (78.1 and 78.5%, 

respectively) and white (71.1 and 68.7%, respectively). 

The details of demographics and other non-clinical 

parameters are provided in Table 1.

RAI usage

Overall, 51.8% of NCDB patients and 46.6% of SEER 

patients received RAI. Use differed across various clinical 

and non-clinical characteristics, which is reflected in 

Table 1. Higher rates were seen in patients with advanced 

T/N/M and overall stage. Patients with M1 disease 

received RAI in 62.7 and 60.1% of cases (NCDB and SEER, 

respectively). RAI was used less often in intermediate-

risk disease categories. About a quarter of patients with 

T1a disease received RAI (NCDB 24.5 and SEER 28.6%). 

Pearson chi-squared P values for RAI usage rates among 

subgroups (T stage, N stage, race, etc.) were all statistically 

significant (Table 1).
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All-cause mortality (NCDB and SEER)

All-cause mortality was 3.5% in NCDB (n = 6944) and 5.1% 

in SEER (n = 3955). A greater proportion of males died 

(NCDB: 6.0 vs 2.8% female, P < 0.001; SEER: 9.1 vs 4.0%, 

P < 0.001). Pearson chi-squared P values for mortality rates 

among subgroups (T stage, N stage, race, etc.) were all 

statistically significant (Table 1).

Cancer-specific mortality (SEER)

Thyroid cancer-specific mortality in SEER was 1.3% 

(n = 1023). Males exhibited higher mortality than females 

(2.5 vs 1.0%, P < 0.001). Asians had the highest mortality 

of any race, followed by blacks and Hispanics, then whites 

(2.1 vs 1.5 vs 1.5 vs 1.2%, P < 0.001). Increasing thyroid 

cancer-specific mortality was seen with more advanced 

T Stage (T1a 0.2%, T1b 0.5%, T2 1.3%, T3 2.6%, and T4 

5.7%, P < 0.001). A similar trend was seen with N stage and 

M stage (N0 0.6%, N1a 1.0%, N1b 4.2%, P < 0.001; and M0 

1.0%, M1 30.1%, P < 0.001), and overall stage (stage I 0.2%, 

stage II 1.9%, stage III 2.3%, stage IV 11.3%, P < 0.001).

RAI and cancer-specific mortality

Compared to those who did not receive RAI, a larger 

proportion of patients who received RAI ultimately died 

of their thyroid cancer (1.6 vs 1.1%, P < 0.001). A detailed 

bivariate summary of thyroid cancer-specific mortality by 

RAI usage is provided in Table 2. Patients with T1a tumors 

who received RAI had a higher thyroid cancer-specific 

mortality rate than those who did not receive RAI (0.4% 

(30 patients) vs 0.1% (13 patients), P < 0.001). This same 

relationship was seen for N0, M0, female, male, white, 

and other/unknown race subgroups (Table 2). Subgroups 

for which RAI use was associated with improved cancer-

specific survival included T1b, T4, N1a, N1b, M1.

Table 1 Demographics, RAI usage, and mortality in patients with differentiated thyroid cancer in NCDB and SEER databases.

Characteristic

NCDB SEER

# of patients (%)
Patients that 

received RAI (%)a

Patients  
that died 

(all-cause) (%)a

No. of  
patients (%)

Patients that 
received  

RAI (%)a

Patients  
that died  

(all-cause) (%)a

Patients that 
died of thyroid 

cancer (%)a

T stage
 1a 28,108 (15.1) 6887 (24.5) 347 (1.2) 23,960 (33.9) 6851 (28.6) 969 (4.0) 43 (0.2)
 1b 87,570 (47.2) 40,413 (46.2) 2392 (2.7) 17,726 (25.1) 9978 (56.3) 578 (3.3) 81 (0.5)

 2 32,567 (17.5) 21,923 (67.3) 898 (2.8) 14,506 (20.5) 8746 (60.3) 618 (4.3) 192 (1.3)
 3 31,677 (17.1) 22,977 (72.5) 1430 (4.5) 9605 (13.6) 6191 (64.5) 571 (5.9) 254 (2.6)
 4 5718 (3.1) 4017 (70.3) 1087 (19.0) 4948 (7.0) 3323 (67.2) 548 (11.1) 281 (5.7)
N stage
 0 141,451 (81.1) 65,198 (46.1) 4101 (2.9) 51,981 (80.9) 23,055 (44.4) 1860 (3.6) 293 (0.6)
 1a 17,118 (9.8) 12,885 (75.3) 522 (3.1) 4286 (6.7) 3124 (72.9) 90 (2.1) 44 (1.0)
 1b 15,940 (9.1) 11,944 (74.9) 1081 (6.8) 8029 (12.5) 5612 (69.9) 645 (8.0) 339 (4.2)
M stage
 0 197,232 (98.9) 101,928 (51.7) 6181 (3.1) 76,195 (98.7) 35,372 (46.4) 3521 (4.6) 724 (1.0)
 1 2139 (1.1) 1342 (62.7) 763 (35.7) 992 (1.3) 596 (60.1) 434 (43.6) 299 (30.1)
AJCC stage
 I 146,244 (76.1) 67,916 (46.4) 2777 (1.9) 60,265 (78.1) 25,415 (42.2) 1993 (3.3) 146 (0.24)
 II 14,706 (7.7) 9590 (65.2) 663 (4.5) 5895 (7.6) 3426 (58.12) 437 (7.4) 113 (1.9)
 III 20,100 (10.5) 14,385 (71.6) 1078 (5.4) 5379 (7.0) 3422 (63.6) 373 (6.9) 124 (2.3)
 IV 11,043 (5.8) 7886 (71.4) 1906 (5.8) 5648 (7.3) 3705 (65.6) 1152 (20.4) 640 (11.3)
Sex
 Female 155,637 (78.1) 78,590 (50.5) 4326 (2.8) 60,625 (78.5) 27,602 (45.5) 2452 (4.0) 608 (1.0)
 Male 43,734 (21.9) 24,680 (56.4) 2618 (6.0) 16,562 (21.5) 8366 (50.5) 1503 (9.1) 415 (2.5)
Race
 White 142,914 (71.7) 73,950 (51.7) 5026 (3.5) 53,046 (68.7) 24,190 (45.6) 2620 (4.9) 648 (1.2)
 Black 13,648 (6.9) 6181 (45.3) 669 (4.9) 4478 (5.8) 1777 (39.7) 363 (8.1) 67 (1.5)
 Asian 8807 (4.4) 4724 (53.6) 185 (2.1) 6056 (7.9) 3261 (53.8) 404 (6.7) 124 (2.1)
 Hispanic 30,711 (15.4) 16,895 (55.0) 985 (3.2) 10,572 (13.7) 5397 (51.1) 480 (4.5) 159 (1.5)
 Other and unknown 3291 (1.7) 1520 (46.2) 79 (2.4) 3035 (3.9) 1343 (44.3) 88 (2.9) 25 (0.8)

Pearson Chi-squared test performed for each subgroup stratification (T stage, N stage, M stage, etc) in both RAI and mortality columns. P values were 
<0.001 for all groups. 2010 AJCC 7 TNM criteria used for staging.
aPercentages represent the # of patients with a given characteristic (in each column) divided by the total patients with relevant data in that subgroup  
(‘# of patients’ column).
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Multivariate (overall populations)

On multivariate analysis of the overall datasets, RAI 

demonstrated a protective association with all-cause 

mortality (Supplementary Table 1, see section on 

supplementary data given at the end of this article, NCDB: 

HR 0.55 (0.52–0.58), P < 0.001; SEER: HR 0.64 (0.58–0.70), 

P < 0.001). RAI had a similarly favorable association with 

thyroid cancer-specific mortality in the SEER dataset 

(Supplementary Table 1, HR 0.82 (0.69–0.98), P = 0.029). 

Multiple other factors were independently associated with 

decreased mortality, including female gender and lower 

T stage, with many of these findings consistent between 

NCDB and SEER datasets (Supplementary Table 1). The 

strongest negative prognosticators were advanced age 

(>45 years), M1 disease, and presence of nodal metastases.

Multivariate (subgroups)

Applying the same multivariate analysis to 135 unique 

patient subgroups, the use of RAI was significantly 

associated with improved all-cause mortality outcomes in 

132 of the NCDB subgroups and 109 subgroups in SEER. 

There were statistically significant results for 37 subgroups 

of the SEER thyroid cancer-specific analyses. An overview 

of the RAI HRs from the broad subgroup categories is 

provided in Table 3, and a full report of all 135 subgroups 

is provided in Supplementary Table 2. In these tables, 

each row reports the HR for receiving RAI.

Patients with high-risk DTC (M1, stage 4, T4, N+) 

showed improved survival related to RAI. For example, 

patients in the NCDB with M1 disease who received RAI 

were 49% less likely to die than their M1 counterparts 

who did not receive RAI (Table 3). Survival was improved 

by 61% in this same subgroup in SEER. Regarding 

cancer-specific mortality, M1 patients in SEER were 63% 

less likely to die of their thyroid cancer after receiving  

RAI treatment.

Improvements in all-cause mortality with RAI usage 

ranged from HR 0.61 to 0.42 in NCDB and 0.79 to  

0.39 in SEER, spanning from high-risk down to 

intermediate-risk and low-risk groups. The only group 

that showed increased disease-specific mortality with RAI 

use were T1a patients (HR 7.89 (2.54–24.55), P < 0.001).

Discussion

It is well established that RAI is a key component in the 

management of DTC. The effect of this treatment has not 

Table 2 Thyroid cancer-specific mortality by RAI usage across various subgroups in SEER.

Characteristic In patients who did not receive RAI, n (%) In patients who received RAI, n (%) Pearson chi-squared P value

T stage
 1a 13 (0.1) 30 (0.4) <0.001
 1b 45 (0.6) 36 (0.4) 0.03
 2 70 (1.2) 122 (1.4) 0.35
 3 100 (2.9) 154 (2.5) 0.20
 4 119 (7.3) 162 (4.9) <0.001
N stage
 0 127 (0.4) 166 (0.7) <0.001
 1a 23 (2.0) 21 (0.7) <0.001
 1b 128 (5.3) 211 (3.8) 0.002
M stage
 0 300 (0.7) 424 (1.2) <0.001
 1 161 (40.7) 138 (23.2) <0.001
AJCC stage
 I 80 (0.2) 66 (0.3) 0.46
 II 55 (2.2) 58 (1.7) 0.14
 III 53 (2.7) 71 (2.1) 0.14
 IV 273 (14.1) 367 (9.9) <0.001
Sex
 Female 291 (0.9) 317 (1.2) 0.001
 Male 170 (2.1) 245 (2.9) <0.001
Race
 White 275 (1.0) 373 (1.5) <0.001
 Black 42 (1.6) 25 (1.4) 0.69
 Asian 59 (2.1) 65 (2.0) 0.75
 Hispanic 76 (1.5) 83 (1.5) 0.77
 Other and unknown 9 (0.5) 16 (1.2) 0.046
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been compared across risk groups in a single study. Using 

the two largest cancer databases in the United States, we 

found RAI to be broadly efficacious. Using all-cause and 

cancer-specific mortality outcomes, we characterized the 

impact that RAI had on specific patient groups.

It is important to note that, due to the retrospective 

nature of our study, the findings should be considered 

as preliminary evidence and not an establishment of 

quantification of treatment effect. National observational 

databases like SEER and NCDB are useful in evaluating 

low-probability events (like mortality in thyroid cancer) 

because they provide large sample sizes. Unfortunately, 

they lack key information regarding the extent of surgery, 

RAI dose, histologic subtype, genetic mutations, and 

other tumor or nodal factors that may have influenced 

the decision to give RAI. Furthermore, controlling for 

multiple covariates does not guarantee an absence 

of confounders and collinear variables with complex 

interactions. Disease recurrence is another outcome not 

attainable from these large datasets that is particularly 

relevant in thyroid cancer. At present, there are at least 

two trials enrolling patients to evaluate the impact of RAI 

in low-risk thyroid cancer patients (ClinicalTrials.gov: 

NCT01837745, NCT01398085), and we will await those 

results for more robust evidence.

Despite the shortcomings of this study design, 

valuable insights can be gained from evaluating the 

two largest national cancer databases in the United 

States. The current state of our understanding of RAI 

efficacy is primarily based on institutional experience 

and smaller database studies. In a prior SEER analysis 

of 14,545 patients, survival was not affected by RAI 

(Podnos et  al. 2007); the current study of more than 

five times the number of patients showed a clear 

benefit for the overall population of DTC patients. 

This broad multivariate approach (Supplementary 

Table 1) is useful in that it describes the risk factors 

for mortality. Our subgroup analyses delve into 

the impact of RAI in specific patient populations  

(Table 3). In these subgroups, our findings largely 

align with current consensus recommendations and 

with multiple smaller studies that sought to define the 

impact of RAI in specific DTC populations.

When reviewing the subgroup analyses, it should be 

emphasized that the HRs cannot be directly compared 

between rows (subgroups), nor across mortality outcomes 

(Table 3 and Supplementary Table 2). Each HR denotes 

the impact of RAI on mortality risk within that specific 

subgroup (row). For example, NCDB patients demonstrated 

a decreased risk of mortality in both M1 and T2 subgroups 

(HR 0.51 and 0.59, respectively), but each of these 

subgroups carried a different baseline hazard mortality 

rate (35.7 vs 2.8%, Table 1). A direct HR comparison 

would incorrectly conclude that RAI is 8% more beneficial 

in patients with M1 disease than in those with T2 disease. 

Similarly, because the 95% CI in each of these subgroups 

overlap, one should avoid concluding that the impact 

of RAI does not differ between the subgroups. Properly 

framed, RAI use in M1 patients was associated with a 49% 

improvement in survival relative to the 35.7% mortality 

rate in this subgroup. Similarly, RAI use in T2 patients was 

associated with a 41% decrease in mortality risk, with a 

baseline mortality of only 2.8% in that subgroup.

According to ATA risk stratification, high-risk DTC 

includes cases of macroscopic extension of tumor into 

adjacent tissues, incomplete tumor resection, distant 

metastases, bulky regional nodal metastases, and 

aggressive histology (Haugen et  al. 2016). In agreement 

with current guidelines (Haugen et  al. 2016), our study 

shows a survival advantage in patients with advanced 

disease that are treated with RAI. The benefit of adjuvant 

RAI for high-risk DTC is undisputed, and therapy is 

routinely recommended in this population. Notably, 

both the NCDB and the SEER datasets indicate a likely 

underutilization of RAI in high-risk patients, especially 

those with M1 disease. Based on the available information 

it is not possible to determine why a patient in this 

subset may not have received RAI. However, this analysis 

highlights potential care discrepancies and deviation 

from guidelines.

Evidence surrounding the use of RAI in patients 

with intermediate-risk DTC is less robust, and there is 

no consensus as to the risk/benefit ratio. Characteristics 

that make a patient intermediate-risk include microscopic 

tumor invasion into adjacent tissues, regional disease 

on RAI uptake scan following treatment, aggressive 

histology, vascular invasion, >5 positive nodes, and 

multifocal carcinoma with extra-thyroidal spread and 

BRAF mutation (Haugen et  al. 2016). In our study, 

intermediate-risk subgroups with positive nodes and 

T ≥ 3 disease experienced a mortality benefit with RAI 

use. A prior NCDB study showed a favorable association 

between post-operative RAI and survival in intermediate-

risk DTC patients, (Ruel et  al. 2015) and several other 

studies have also demonstrated improved outcomes in 

this risk group.(Creach et  al. 2012, Kazaure et  al. 2012) 

However, significant controversy exists (Hay et al. 2002, 

Kim et al. 2013) and a recent systematic review highlights 

the conflicting data regarding the utility of RAI for 

intermediate-risk patients – 11 studies observed some 
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benefit from RAI in reducing recurrence, while 13 showed 

no benefit. Survival outcomes were not addressed in this 

review (Lamartina et  al. 2015). Overall, RAI should be 

considered for intermediate-risk patients (Haugen et  al. 

2016), but the specific patient and tumor characteristics 

must be factored into the decision-making process.

Low-risk DTC patients are those whose disease is small, 

confined to the thyroid, without aggressive histology, with 

complete resection, and without regional spread (Haugen 

et al. 2016). There is a mounting evidence suggesting that 

the use of RAI may constitute unnecessary treatment in 

low-risk patients (Schvartz et  al. 2012, Kim et  al. 2013, 

Carhill et  al. 2015, Lamartina et  al. 2015, Lamartina & 

Cooper 2015), and it is not currently recommended in 

this group (Haugen et  al. 2016). Importantly, the use of 

evidence-based guidelines has been shown to reduce RAI 

treatment in patients with low-risk DTC (Sacks et al. 2015). 

It should also be noted that current ATA guidelines discuss 

active surveillance as an alternative to immediate surgery 

for select patients with low-risk disease (Haugen et al. 2016). 

Our study showed an overall survival benefit for RAI use in 

low-risk patients. This should be interpreted in the context 

of exceptionally low baseline mortality rates, and with the 

realization that recurrence is the more salient outcome in 

this population. Our finding of increased risk for cancer-

specific mortality in T1a subgroups was unexpected, 

though other studies of early-stage patients have reported 

similar negative associations between RAI and overall 

survival (Jonklaas et al. 2006) and recurrent disease (Sacks 

et al. 2015). The tumor or patient characteristics that may 

have led to the decision to treat with RAI are not discernible 

and could reveal more aggressive or concerning features 

among this group.

Based on NCDB data, RAI use in the United States rose 

between 1990 and 2008, and nearly a third of patients 

with T1a disease received treatment (Haymart et  al. 

2011). A prior SEER study from 1983 to 2009 showed that 

the proportion of low-risk DTC patients receiving RAI 

increased from 8 to 31% (Marti et  al. 2015a). A variety 

of patient, provider, hospital, regional, and system 

factors have been shown to affect RAI usage (Haymart 

et  al. 2011, 2013a,b, Marti et  al. 2015a), and there is 

evidence of racial and socioeconomic inconsistencies 

(Goffredo et  al. 2015). With the incidence of thyroid 

cancer on the rise, and more than 85% of newly detected 

DTCs being smaller than 2 cm (Davies & Welch 2006), a 

significant proportion of patients and clinicians are left 

with uncertainty when considering post-thyroidectomy 

therapy. The administration of RAI comes with financial 

cost (Pace-Asciak et al. 2007, Goffredo et al. 2015) and risks 

that range from salivary gland dysfunction (Van Nostrand 

2009) to second primary malignancies (Sawka et al. 2009, 

Iyer et al. 2011, Marti et al. 2015b, Correa et al. 2016, Teng 

et al. 2016). The role of RAI in DTC is evolving, and, in an 

era of increasingly personalized medicine, it is critical to 

consider the individual risk factors of each patient. Both 

individual patients and the healthcare system stand to 

gain from evidence-based usage of RAI.

This is the largest study to date analyzing the effect of 

RAI on all-cause and cancer-specific mortality in patients 

with DTC. The sample size and multivariate analyses of 

our study overcome many of the weaknesses of previous 

work that reported conflicting associations with RAI usage. 

Broadly, RAI appears to be efficacious, with a graded effect 

in various subgroups. Our results affirm the current ATA 

recommendation for RAI in high-risk DTC, and for case-

by-case consideration in intermediate-risk populations. 

It also highlights potential underutilization and lack of 

adherence to guidelines in patients with distant metastatic 

disease. In patients with T1a tumors, we demonstrated an 

unanticipated negative association with cancer-specific 

mortality. This may be related to factors beyond the 

ability of a database study to ascertain and should not 

be considered a causative relationship. However, it does 

emphasize that the decision to treat with RAI should be 

made in an informed manner and that future prospective 

study must take into account dynamic risk assessment in 

addition to initial stratification.

Supplementary data
This is linked to the online version of the paper at https://doi.org/10.1530/

ERC-19-0292.
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