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Background: The clinical outcomes of delayed radioiodine remnant ablation (RRA) therapy in patients with low-risk papillary thy-
roid carcinoma (PTC) are unclear. We aimed to evaluate the clinical impact of the interval between total thyroidectomy (TT) and 
RRA therapy in patients with low-risk PTC.
Methods: We included 526 patients who underwent TT and RRA for low-risk PTC with a primary tumor size of >1 cm between 
2000 and 2012. Patients were divided into the early (<90 days) and the delayed (≥90 days) RRA groups based on the interval be-
tween TT and RRA. The results of diagnostic whole-body scan (DxWBS), ongoing risk stratification (ORS; response to therapy), 
and disease-free survival (DFS) were evaluated before and after propensity score matching (PSM). 
Results: Among the 526 patients, 75 (14.3%) patients underwent delayed RRA; they had more cervical lymph node metastasis and 
received a higher RRA dose than those who underwent early RRA. The median follow-up period was 9.1 years after initial therapy, 
and the structural recurrence rate was 1.9%. In DxWBS, 60 patients had focal iodine uptake limited in operative bed, with no signifi-
cant difference between groups. According to ORS, 78%, 20%, 1%, and 1% patients were classified into excellent, indeterminate, 
biochemical incomplete, and structural incomplete response groups, respectively. There was no significant difference in ORS or DFS 
between groups before and after PSM. 
Conclusion: The timing of the first RRA had no clinical impact in patients with low-risk PTC. Thus, the clinical decision for RRA 
can be determined >3 months after TT considering other prognostic factors.
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INTRODUCTION

Radioiodine remnant ablation (RRA) is a traditional therapeutic 
option for patients with differentiated thyroid carcinoma (DTC). 
The goal of RRA is to ablate residual thyroid and microscopic 
cancer tissues including distant metastasis for improving dis-
ease-free survival (DFS) and reducing disease specific mortality 
[1-3]. Previous studies have reported on the efficacy of RRA for 
improving DFS and overall survival in patients with intermedi-
ate- or high-risk DTC [4-6]. However, the efficacy of RRA in 
patients with low-risk DTC remains unclear [6-10]. In general, 
therapeutic doses of RRA are determined by clinicopathological 
prognostic factors or initial risk stratification; however, the dos-
es vary among different countries and hospitals [1]. 

The optimal timing of RRA and the risk of delayed RRA have 
not been substantiated [2,11-13]. The interval between total thy-
roidectomy (TT) and initial RRA varied by country and is af-
fected by facility availability, socioeconomic status of the pa-
tients, and disease-related factors [11,12]. A previous study has 
suggested that a delay in initial RRA of >180 days is associated 
with poor survival outcome after TT in patients with advanced 
DTC [13]. However, the clinical outcomes after delayed RRA 
remain controversial, and it is unclear whether immediate RRA 
therapy offers any clinical benefits compared to delayed RRA 
therapy [14]. 

The recent increase in the incidence of small papillary thyroid 
carcinoma (PTC) and better clinical outcomes in patients with 
low-risk PTC have prompted a discussion regarding the neces-
sity of RRA for low-risk PTC patients [6,7,10,15,16]. Although 
the role of RRA is controversial, the usefulness of RRA cannot 
be completely denied since patients with low-risk PTC also 
have some clinicopathological factors such as high postopera-
tive thyroglobulin (Tg) level, large tumor size, and cervical 
lymph node (LN) metastasis [1,9]. Therefore, it is important to 
understand whether RRA therapy can be delayed during the fol-
low-up of patients with low-risk PTC.

To the best of our knowledge, no clinical study has evaluated 
the optimal timing of RRA or the effect of delayed RRA in pa-
tients with low-risk PTC according to the American Thyroid 
Association (ATA) risk stratification. Therefore, we compared 
the clinical outcomes in patients with low-risk PTC treated with 
early and delayed RRA before and after propensity score match-
ing (PSM).

 

METHODS

Study subjects 
Patients with PTC who underwent TT followed by RRA be-
tween 2000 and 2012 were eligible for enrollment in the current 
study. The definition of low-risk PTC was determined accord-
ing to the ATA guideline as follows: without local or distant me-
tastasis; no extrathyroidal extension; negative residual margin; 
no radioactive iodine (RAI) avid metastatic foci outside the thy-
roid bed on the first post-surgical RAI scan; no lymphovascular 
invasion; and clinical N0 or <5 pathologic N1 micrometastases 
(<0.2 cm in the largest dimension) [1]. Of the 1,446 patients 
with low-risk PTC, those with papillary microcarcinoma mea-
suring <1 cm were excluded. Finally, 526 patients were en-
rolled in this study. The patients were divided into the early 
RRA group (<90 days; n=451) and the delayed RRA group (≥
90 days; n=75) based on the interval between TT and the first 
RRA [2]. Written informed consent by the patients was waived 
due to a retrospective nature of our study and the study protocol 
was approved by the Institutional Review Board of Asan Medi-
cal Center (study number: 2019-1562), Seoul, South Korea.

RRA dose and follow-up protocol
All patients underwent TT with or without central neck dissec-
tion, followed by RRA. The RRA therapy and I-131 therapeutic 
doses were decided according to the protocol of Asan Medical 
Center [2]. All patients underwent the thyroid hormone with-
drawal method for RRA. The I-131 doses were determined 
based on clinicopathological parameters. In brief, PTCs with a 
primary tumor size of <4 cm that were pathologically defined 
as N0 were treated with 30 mCi of I-131. PTCs with a primary 
tumor size of <4 cm that were pathologically defined as N1a 
were treated with 80 mCi of I-131. All PTCs with a primary tu-
mor size of >4 cm with or without cervical LN metastasis were 
treated with 150 mCi of I-131. 

After RRA, all patients were administered levothyroxine for 
suppression of thyroid-stimulating hormones. Patients were fol-
lowed up regularly (every 6 to 24 months) with physical exami-
nation, neck ultrasonography (US), and laboratory tests includ-
ing thyroid function, serum Tg, and anti-thyroglobulin antibody 
(TgAb) tests. During the first 12 to 24 months of initial therapy, 
neck US and/or diagnostic whole-body scan (DxWBS) were 
performed with measurement of stimulated Tg (sTg) and TgAb, 
and the response to the initial therapy was assessed [17-20]. If 
suspected signs for recurrence were present in routine follow-
up, further evaluation, such as additional imaging or biopsy, 
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was performed. Additional diagnostic imaging studies, such as 
computed tomography (CT) or whole-body fluorodeoxyglucose 
positron emission tomography/CT, were performed in some pa-
tients, as required. 

Clinical outcomes
The study outcomes were ongoing risk stratification (ORS; re-
sponse to therapy) and DFS between the two groups based on 
the interval of RRA. ORS was categorized into excellent, inde-
terminate, biochemical incomplete, structural incomplete re-
sponse based on the response to the initial therapy within the 
first 2 years of follow-up [1,2,21,22]. DFS was calculated from 
the date of the initial operation to the date of confirmation of 
structural recurrence by cytopathology. Disease-specific surviv-
al was not included in the study outcome because the mortality 
rate was very low in the low-risk PTC cases.

Statistics 
Rstudio version 1.1.463 (RStudio: Integrated Development for 
R, RStudio Inc., Boston, MA, USA; www.rstudio.com) was 
used to perform statistical analyses. Continuous variables are 
presented as median with interquartile range (IQR), and cate-
gorical variables are presented as frequencies with percentages. 
PSM was used to adjust baseline characteristics related to dis-

ease recurrence. The propensity score was defined as the proba-
bility of being assigned to the early and delayed RRA group 
based on age, sex, tumor size, T stage, LN metastasis, initial ab-
lation dose, and RAI avidity. After PSM, a standardized mean 
difference was used to measure balancing covariates between 
the groups; if a variable was balanced, then the standardized 
mean difference was <0.1. The chi-square test was used to de-
termine associations between categorical variables. DFS curves 
were plotted using the Kaplan-Meier method, and the log-rank 
test was used to determine their significance. The Cox propor-
tional hazards model was used to evaluate the risk factors for 
recurrent disease and was presented as hazard ratio and 95% 
confidence interval. P values of <0.05 were considered statisti-
cally significant.

RESULTS

Baseline characteristics
The baseline clinical and pathological characteristics of the 526 
patients with low-risk PTC is shown in Table 1 (left panel). The 
median interval between RRA and the initial surgery was 45 
days (IQR, 40 to 56) and 127 days (IQR, 110 to 137.5) in the 
early RRA and delayed RRA groups, respectively (P<0.001). 
The median age of the patients was 47.2 years, and of the 526 

Table 1. Baseline Characteristics of Patients with Low-Risk Differentiated Thyroid Carcinoma before and after Propensity Score Matching

Characteristic
Total patients Propensity score matching

Total 
(n=526)

Early RRA 
(n=451)

Delayed RRA 
(n=75) P value Total 

(n=114)
Early RRA 

(n=57)
Delayed RRA 

(n=57) P value

Age, yr 47.2 
(39.3–55.0)

47.9 
(39.9–55.0)

45.0 
(38.0–55.5)

0.533 45.0 
(37.9–57.0)

45.9 
(38.0–55.9)

45.0 
(37.9–57.0)

0.777

Male sex 93 (17.7) 79 (17.5) 14 (18.7) 21 (18.4) 12 (21.1) 9 (15.8) 0.629

Tumor size, cm 1.4 (1.1–1.8) 1.4 (1.1–1.8) 1.5 (1.1–2.0) 0.163 1.5 (1.2–2.0) 1.5 (1.2–2.0) 1.5 (1.2–2.0) 0.841

T stagea 0.645 0.761

T1 445 (84.6) 383 (84.9) 62 (82.7) 93 (81.6) 48 (84.2) 45 (78.9)

T2 68 (12.9) 58 (12.9) 10 (13.3) 16 (14.0) 7 (12.3) 9 (15.8)

T3a 13 (2.5) 10 (2.2) 3 (4.0) 5 (4.4) 2 (3.5) 3 (5.3)

LN metastasis 80 (15.2) 32 (7.1) 48 (64.0) <0.001 57 (50.0) 28 (49.1) 29 (50.9) 0.999

RRA dose, GBq <0.001 0.999

1.11 380 (72.2) 366 (81.2) 14 (18.7) 28 (24.6) 14 (24.6) 14 (24.6)

2.96 119 (22.6) 69 (15.3) 50 (66.7) 68 (59.6) 34 (59.6) 34 (59.6)

5.55 27 (5.1) 16 (3.5) 11 (14.7) 18 (15.8) 9 (15.8) 9 (15.8)

Values are expressed as median (interquartile range) or number (%).							     
RRA, radioiodine remnant ablation; LN, lymph node.								      
aT stage: tumor stage defined according to the 8th edition of the American Joint Committee on Cancer tumor node metastasis staging system. 
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patients, 93 (17.7%) were males. The median primary tumor 
size was 1.4 cm, and approximately 85% patients had T1 stag-
ing according to the 8th edition of the American Joint Commit-
tee on Cancer (AJCC) tumor node metastasis (TNM) staging 
system. Details of AJCC TNM staging system in each group are 
shown in Supplemental Table S1. There was no significant dif-
ference in age, sex, primary tumor size, and T staging between 
the early and delayed RRA groups. Cervical LN metastasis was 
confirmed in 80 patients (12%), and patients in the delayed 
RRA group had significantly more metastasis than those in the 
early RRA group (64% vs. 7%). In 80 patients with LN metas-
tasis, the number of metastatic LN was as below; 1 (n=46, 
57.5%), 2 (n=24, 30.0%), 3 (n=5, 6.2%), and 4 (n=5, 6.2%). 
The median size of metastatic LN was 0.1 cm (minimum to 
maximum range, 0.01 to 0.15). Further, patients in the delayed 
RRA group received a significantly higher RRA dose than those 
in the early RRA group (P<0.001). Therefore, we evaluated 
these two groups after PSM, and 57 patients were included in 
each group. There was no significant difference in LN metasta-
sis and RRA dose between the two groups after PSM (Table 1, 
right panel). 

Iodine uptake in DxWBS and response to the initial 
treatment
In the first 12 to 24 months after initial therapy, DxWBS was 
performed in 431 (95.6%) and 72 (96%) patients in the early 
RRA and delayed RRA groups, respectively. There was no ab-
normal iodine uptake outside the operative bed and no evidence 
of cervical LN metastasis or distant metastasis. In total, 56 
(13%) and four patients (5.6%) had focal iodine uptake limited 
in the operative bed in the early and delayed RRA groups, re-
spectively. There was no significant difference in the proportion 
of patients with iodine uptake between the early and delayed 

RRA groups before and after PSM.
We evaluated the initial treatment response by comparing 

ORS between the early and delayed RRA groups (Table 2). A 
majority of the patients (77.6%) showed an excellent response, 
and approximately 20% showed an indeterminate response. Ap-
proximately 1% patients showed a biochemical or structural in-
complete response. There was no significant difference in the 
initial treatment response between the early and delayed RRA 
groups before and after PSM.

DFS and prognostic factors in patients with low-risk PTC 
The median follow-up period was 9.1 years (IQR, 6.8 to 11.8) 
after initial therapy, and the structural recurrence rate was 1.9% 
(10/ 526). The recurrence rate was 1.6% (7/451) and 4% (3/75) 
in the early and delayed RRA groups, respectively, but there 
was no significant difference (P=0.242). There was no signifi-
cant difference in DFS between the two groups before and after 
PSM (P=0.181 and P=0.094, respectively) (Fig. 1). All cases 
of recurrent disease were locoregional recurrence, and all pa-
tients with recurrent disease underwent additional surgery, such 
as lateral neck dissection or selective LN excision (Table 3). Af-
ter additional surgical treatment, all patients were disease free 
during the follow-up period, and there were no cases of disease-
specific death. 

Table 4 shows the clinical and pathological parameters asso-
ciated with recurrent disease in patients with low-risk PTC. In 
multivariate analyses using the Cox-proportional hazard model, 
male sex and primary tumor size (>2 cm) were independent 
risk factors of recurrent PTC. Delayed RRA was not a signifi-
cant risk factor in the univariate and multivariate analyses. High 
RRA dose (5.55 GBq, 150 mCi) was a significant risk factor in 
the univariate analysis, but was not significant in the multivari-
ate analysis.

Table 2. Ongoing Risk Stratification after Initial Treatment of Patients with Low-Risk Papillary Thyroid Carcinoma in the Early and De-
layed RRA Groups

Variable
Total patients Propensity score matching

Total 
(n=526)

Early RRA 
(n=451)

Delayed 
RRA (n=75) P value Total 

(n=114)
Early RRA 

(n=57)
Delayed 

RRA (n=57) P value

Excellent response 408 (77.6) 348 (77.2) 60 (80.0) 0.630 90 (78.9) 46 (80.7) 44 (77.2) 0.580

Indeterminate response 107 (20.3) 93 (20.6) 14 (18.7) 23 (20.2) 11 (19.3) 12 (21.1)

Biochemical incomplete response 7 (1.3) 7 (1.6) - - - -

Structural incomplete response 4 (0.8) 3 (0.7) 1 (1.4) 1 (0.9) - 1 (1.8)

Values are expressed as number (%).								      
RRA, radioiodine remnant ablation.								      
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Table 3. Description of 10 Patients with Low-Risk Papillary Thyroid Carcinoma Who Had Local Recurrence during Follow-up

Patient Age/sex Initial surgery TNM stage Recurrence Disease-free 
survival, yr Treatment after recurrence Final disease 

status

  1 20/M TT with CND T2N0M0 Neck LN 4.6 SND and additional 150 mCi RAI NED

  2 44/F TT without ND T1bN0M0 Neck LN 5.5 MRND NED

  3 69/M TT with CND T2N0M0 Neck LN 1.7 MRND NED

  4 32/F TT with CND T2N0M0 Neck LN 4.1 MRND NED

  5 62/F TT with CND T2N0M0 Operation bed 10.2 Mass excision and SND NED

  6 61/M TT with CND T2N0M0 Neck LN 2.6 MRND NED

  7 27/F TT with CND T1bN0M0 Neck LN 4.8 MRND NED

  8 36/F TT with CND T2N1aM0 Neck LN 6.9 MRND NED

  9 57/M TT with CND T1bN1aM0 Neck LN 4.0 MRND NED

10 61/M TT with MRND, left T1bN1aM0 Neck LN 2.6 MRND, right NED

TNM, tumor-node-metastasis; TT, total thyroidectomy; CND, central neck dissection; LN, lymph node; SND, selective node dissection; RAI, radioac-
tive iodine; NED, no clinical evidence of disease; MRND, modified radical neck dissection. 					   

Fig. 1. The disease-free survival of patient with low-risk papillary thyroid carcinoma based on the interval between total thyroidectomy and 
radioiodine remnant ablation (RRA). (A) It represents total population and (B) represents patients after propensity score matching.

D
ise

as
e-

fre
e s

ur
vi

va
l p

ro
ba

bi
lit

y 
(%

)

Early RRA
Delayed RRA

Time (yr)

P=0.181

0	 5	 10	 15

100

95

90

85

80

A

D
ise

as
e-

fre
e s

ur
vi

va
l p

ro
ba

bi
lit

y 
(%

)

Early RRA
Delayed RRA

Time (yr)

P=0.094

0	 5	 10	 15

100

95

90

85

80

B

Table 4. Clinicopathological Factors Associated with Recurrent Disease in Patients with Low-Risk Papillary Thyroid Carcinoma

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Old age (≥55 yr) 2.93 (0.85–10.13) 0.090 3.41 (0.95–12.29) 0.060

Male sex 3.30 (0.93–11.70) 0.064 5.52 (1.56–19.56) 0.008

Primary tumor size (>2 cm) 8.03 (2.26–28.47) 0.001 7.61 (2.03–28.49) 0.003

Cervical LN metastasis 2.30 (0.59–8.89) 0.228 1.75 (0.32–9.69) 0.520

Delayed RRA 2.44 (0.63–9.45) 0.196 1.32 (0.27–6.47) 0.732

RRA dose, GBq

1.11 1 (reference)

2.96 3.09 (0.77–12.38) 0.111

5.55 6.63 (1.21–36.27) 0.029 1.60 (0.24–10.79) 0.631

HR, hazard ratio; CI, confidence interval; LN, lymph node; RRA, radioiodine remnant ablation.
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DISCUSSION

In this study, we evaluated the clinical outcomes of patients with 
low-risk PTC who underwent early and delayed RRA therapy 
after TT. In this cohort, only 1.9% patients had recurrent disease 
during a median follow-up of 9.1 years after the initial treat-
ment. We compared DFS and ORS categories based on the ini-
tial therapy response before and after PSM because there was a 
significant difference in cervical LN metastasis and I-131 doses 
for RRA. There was no significant difference in DFS and ORS 
categories between early and delay RRA groups. These findings 
suggest that the decision regarding adjuvant RRA therapy can 
be delayed in patients with low-risk PTC after TT.

Currently, there is no specific consensus regarding delayed 
RRA therapy in patients with DTC [1,23]. Previous studies have 
evaluated the clinical implications of the timing of RRA therapy 
owing to the concerns of limitation to number of special rooms 
for isolation needed to RRA [2,11-14]. Scheffel et al. [12] evalu-
ated the clinical outcomes in 545 patients with DTC according 
to the timing of RRA (early RRA ≤6 months vs. late RRA >6 
months) irrespective of the initial risk factors. There was no sig-
nificant difference in recurrent DTC between the early and de-
layed RRA groups. However, their study included patients with 
low- (42%), intermediate- (45%), and high-risk DTC (13%) ac-
cording to the ATA initial risk stratification, and there was a sig-
nificant difference in the baseline characteristics, such as cervi-
cal LN metastasis and age, between the two groups. In a study 
by Li et al. [11], delayed RRA (≥3 months) was significantly 
associated with incomplete treatment response and reduced ex-
cellent response in 235 patients with low- and intermediate-risk 
DTC. However, the study did not evaluate recurrent disease and 
included both patients with low- and intermediate-risk DTC. 
Thus, the abovementioned studies could not provide evidence 
of clinical outcomes after delayed RRA in patients with low-
risk DTC. 

A study by Tsirona et al. [14] evaluated the clinical impact of 
delayed RRA in 107 patients with AJCC TNM stage I (T1N0M0 
or T2N0M0) DTC. The study did not find any significant differ-
ence in the remission rate and recurrent disease between early 
(≤4.7 months) and delayed (>4.7 months) RRA groups during 
a median 7 years of follow-up; however, a majority of patients 
without cervical LN metastasis were not administered RRA be-
cause of a very-low risk of recurrence. In our study, we included 
50% patients with cervical LN metastasis and approximately 
20% patients with TNM stage II and III after PSM. Moreover, 
we excluded patients with microPTC to reduce the bias consid-

ering the very low risk of recurrence in patients with microPTC 
[24-26]. Nevertheless, the clinical outcomes of delayed RRA 
therapy were comparable with those of early RRA in patients 
with low-risk DTC in our study. These results suggest that RRA 
can be delayed, and a decision can be made after considering 
the results of postoperative Tg levels or DxWBS. 

Owing to the nature of retrospective study, all patients in this 
study underwent RRA according to the previous consensus and 
guidelines [23,27,28]. Many clinical studies have evaluated the 
efficacy of RRA in patients with low-risk DTCs, and a majority 
of these studies have suggested that there is no significant bene-
fit of RRA in terms of clinical outcomes in patients with low-
risk DTCs [6,10,15]. These results have prompted a discussion 
regarding the necessity of RRA for the treatment of low-risk 
PTC. RRA is not routinely recommended, and the decision of 
RRA should be determined considering additional risk factors 
such as postoperative serum Tg levels and DxWBS results [1,9]. 
In our multivariate analysis, large tumor size (>2 cm) and male 
sex were significant risk factors for the disease recurrence in pa-
tients with low-risk PTC. Further studies should consider ap-
propriate indications and doses of RRA, including these two 
risk factors, to provide firm evidence for the optimal timing of 
RRA. 

There are several limitations in our study. First, the selection 
bias cannot be excluded in this retrospective single center study. 
Second, given the generally excellent clinical outcome of low-
risk PTC, we could not to evaluate the disease-specific mortali-
ty. Third, there were more patients with cervical LN metastasis 
in the delayed RRA group than in the early RRA before PSM, 
which explains the higher I-131 doses for RRA in the delayed 
group. Because the high dose of RAI requires hospitalization 
for isolation, the delayed RRA was due to limitation of special 
rooms for isolation. After PSM, the number of patients in each 
group were relatively small, which could have affected the sta-
tistical power. However, to our knowledge, this study is the first 
to evaluate the clinical outcomes of delayed RRA in patients 
with low-risk PTC according to the ATA risk stratification. Fur-
ther prospective studies are warranted to confirm the optimal 
timing of RRA.

In conclusion, there was no significant difference in clinical 
outcomes between early and delayed RRA in patients with low-
risk PTC. Our findings suggest that the clinical decision for 
RRA therapy and the dose of RRA can be determined >3 
months after thyroid surgery and considering postoperative 
changes in serum Tg levels or DxWBS results.
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