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Efficacy of Second Radioactive lodine Therapy Based on
Serum Thyroglobulin for Papillary Thyroid Cancer:
A Retrospective Cohort Study

Hee-Sung Song?, Ji Young Lee® ®

Abstract

Background: Radioactive iodine (RAI) therapy is widely used in dif-
ferentiated thyroid cancer to eliminate residual cancer cells and to
target metastatic lesions; however, this therapy is associated with a
recurrence rate of approximately 2%. Repeat RAI therapy may be
considered in patients with persistent or recurrent lesions; however,
the benefits of second RAI remain unclear. In this retrospective co-
hort study, we evaluated the clinical impact of second RAI therapy in
patients with papillary thyroid cancer (PTC) and identified potential
predictors of treatment response and long-term remission.

Methods: Twenty-one patients who underwent a second round of
RAI therapy for PTC were enrolled. Clinical and pathological data,
including RAI dosage, second pre- and post-RAI therapy thyroglobu-
lin (Tg) levels, post-treatment scan findings, and Tg reduction rates,
were retrospectively analyzed. Treatment responses were evaluated
based on changes in the second pre- and post-suppressed Tg (on-Tg)
levels, and patients were grouped accordingly. Correlation and com-
parative analyses were performed to identify potential predictors of
response and long-term outcomes.

Results: Following second RAI therapy, 11 patients (52.4%) showed
a reduction in on-Tg levels, seven showed no reduction, and three
were indeterminate. Higher second pre-therapy on-Tg levels, second
therapy-stimulated Tg levels, and second post-therapy on-Tg levels
were significantly associated with the no-response group (all P <
0.01) and correlated with the on-Tg difference rate. The indication for
a second RAI (structural vs. biochemical incomplete response) and a
history of reoperation also differed significantly between the groups.
However, at the long-term follow-up, no clinical parameters were
significantly associated with achieving no evidence of disease status.

Conclusions: Second RAI therapy was more effective in patients with
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structural incomplete response and in those who underwent reopera-
tion. While second therapy Tg levels seemed to be correlated with
short-term response, clinical factors and Tg levels were not predictive
of long-term remission, highlighting the importance of individualized
treatment planning.
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lodine-131; Thyroglobulin

Introduction

Radioactive iodine (RAI) therapy has been widely used to treat
differentiated thyroid cancer (DTC) for over 60 years, with the
goal of eliminating residual thyroid tissue and cancer cells fol-
lowing total thyroidectomy while targeting metastatic lesions
[1, 2]. The reported success rate of residual thyroid removal
following initial RAI therapy ranges from 43% to 94% [3-5].
However, even among patients who achieve successful abla-
tion with primary RAI therapy, the average recurrence rate is
approximately 2%, with a reported range of 0% to 7% [5].

Repeat RAI therapy may be considered in patients with
persistent or recurrent lesions after initial RAI treatment. The
2015 American Thyroid Association (ATA) guidelines suggest
that an empirical dose of 100 - 200 mCi, or a dose-directed ap-
proach, may be considered for patients with rapidly rising se-
rum thyroglobulin (Tg) or anti-Tg antibody (TgAb) levels with
negative anatomical imaging findings. Surgery is preferred for
regional lymph node metastases if the metastatic nodes are
large or surgically accessible [6], while adjuvant RAI therapy
may be performed after surgery when the metastatic location
is difficult to locate or in cases with a possibility of radioio-
dine uptake. However, the benefits of a second round of RAI
therapy remain unclear. Several studies have suggested that re-
peat RAI therapy may be effective in selecting patients, while
others have found no clear benefit from second RAI therapy
[7-13].

Numerous studies have investigated the effects of second
RAI therapy in the context of various thyroid cancer-related
factors, including histological type, stage, tumor size, lymph
node metastasis, RAI avidity, and molecular markers [11, 12].
Among these, serum Tg measurement is considered an effec-
tive method for monitoring patients with thyroid cancer, as
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Tg is produced exclusively by thyroid follicular cells, and is a
sensitive indicator for predicting local recurrence or metastasis
following the resection of residual thyroid tissue [14-16].

Although several studies have previously investigated the
effects of a second RAI therapy, none have specifically meas-
ured changes in Tg levels in individual patients. This study
therefore aimed to retrospectively analyze the effects of a sec-
ond RAI therapy and identify potential factors affecting treat-
ment response and long-term remission.

Materials and Methods

Patients

Approval of this study was obtained from the Institutional Re-
view Board (IRB no. JEJUNUH 2025-06-013). The need for
informed consent was waived due to the retrospective study
design. We retrospectively reviewed the medical records of
428 patients with histopathologically-confirmed classic papil-
lary thyroid carcinoma, who underwent first RAI treatment at
our Nuclear Medicine Department between January 2015 and
December 2024. Among these, 21 patients further underwent a
second RAI therapy because of persistent or recurrent thyroid
disease. Data on pathological findings, RAI dosage, pre- and
post-therapy Tg levels, post-therapy scan uptake, and Tg re-
duction rates were obtained from the patient records.

Protocol for second RAI therapy

Patients who received second RAI therapy did so due to elevat-
ed Tg levels or newly detected lymph node metastases follow-
ing the first RAI therapy. All patients underwent ultrasonogra-
phy (USG) and/or neck computed tomography (CT). Patients
with rising Tg/TgAb levels without structural evidence were
classified as having a biochemical incomplete response (BIR),
whereas those with anatomical evidence of disease, regardless
of Tg levels, were classified as having a structural incomplete
response (SIR) [6].

All patients followed a strict protocol for prolonged thyroid
hormone withdrawal before the second RAI therapy, which in-
cluded the discontinuation of levothyroxine for 3 weeks and
a low-iodine diet for 2 weeks prior to treatment. Pre-therapy
suppressed Tg levels (second pre on-Tg) and stimulated Tg
levels (second pre sTg) were measured at the time of the sec-
ond I-131 administration. The radioactivity administered for
the second RAT ablation (3,700 - 11,100 MBq) was determined
based on the risk classification of the American Joint Com-
mittee on Cancer tumor-node-metastasis staging, surgical and
histopathological findings, and the patient’s condition.

Assessment of second RAI treatment

Response assessment was performed by evaluating changes
in suppressed Tg levels approximately 6 months following
the second RAI therapy (second post on-Tg). A decrease in

post-therapy on-Tg levels compared to the second pre on-Tg
level indicated a treatment response. However, three patients
had undetectable Tg levels (< 0.1 ng/mL) and were therefore
excluded from the analysis of Tg level response. On long-term
follow-up, no evidence of disease (NED) status was defined
in accordance with the ATA guidelines as: on-Tg < 1.0 ng/mL,
normal USG findings without palpable cervical lymph nodes,
and Tg antibody levels < 100 ng/mL [6].

Statistical analysis

Fisher’s exact test or the Mann-Whitney U test was applied
to compare variables between the response and no-response
groups following the second RAI therapy. Spearman’s rank
correlation analysis was conducted to explore the relationships
between multiple variables. Analyses were conducted using
MedCalc for Windows, version 12.7 (MedCalc Software, Os-
tend, Belgium), with statistical significance set at P < 0.05.

Results

Of the 21 enrolled patients (16 females, five males; median
age, 52 years), 11 (52.4%) showed a decrease in post-therapy
on-Tg levels, while seven showed no reduction, and three were
classified as indeterminate. The median second RAI therapy
dose was 5,550 MBq, and the median interval between the
first and second RAI treatments was 498 days. All 14 SIR pa-
tients had lymph node metastases in the neck based on USG/
CT findings, and 13 patients among them (92.9%) underwent
reoperation, primarily neck dissection. The average interval
from secondary surgery to the second pre on-Tg measurement
in the SIR group was 102 days. In the BIR group, the decision
for a second RAI therapy was based on a consistent upward
trend in Tg levels rather than a single elevated value after the
first RAI therapy. The SIR group showed significantly lower
second pre on-Tg (10.5 + 27.1 vs. 116.8 £ 185.5; P = 0.028)
and second pre sTg levels (58.5 £ 106.1 vs. 275.6 £ 224.4; P =
0.012) compared to those of the BIR group.

Table 1 presents a comparison of the key clinical factors
between the response and no-response groups after the sec-
ond RAI therapy. In the response group, the median percent-
age decreased by 54.6% (22.8 - 75.5) between second pre and
post on-Tg after second RAI therapy. Interestingly, the reason
for second RAI treatment differed significantly between the
two groups (P = 0.002). A larger proportion of Tg responders
(90.9%) underwent second RAI therapy due to SIR, where-
as most non-responders (85.7%) underwent second RAI due
to BIR. Reoperation also significantly differed between the
groups (P =0.049).

The values of second pre on-Tg and second pre sTg were
markedly higher in non-responders (P = 0.008, 0.003), as was
the second post on-Tg (P = 0.002). No significant differences
were identified in the second dose of RAI therapy or in the
presence of uptake on the second iodine scan between the
groups. In subgroup analyses based on the indication for a sec-
ond RAI therapy, no significant variables were associated with
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Table 1. Differences in Key Clinical Factors Between the Response and No-Response Groups After Second RAI Therapy

Response (n = 11) No response (n =7) P value

Age in years, median (percentile) 49 (41 - 55) 52 (49 -74) 0.389
Gender, female n (percentage) 7 (63.6%) 6 (25.7%) 0.596
T stage 0.135

1 4 (36.4%) 0

2 2 (18.2%) 0

3 4 (36.4%) 5 (71.4%)

4 1(9.1%) 2 (28.6%)
Nodal metastasis

Present, n (percentage) 9 (81.8%) 6 (85.7%) 1

Number, median, (percentile) 6(33-11) 9(5-17) 0.555
ATA risk classification 0.977

Low (percentage) 3 (27.3%) 2 (28.6%)

Intermediate (percentage) 6 (54.5%) 4 (57.1%)

High (percentage) 2 (18.2%) 1 (14.3%)
First RAI therapy dose (mCi) 150 (100 - 150) 150 (125 - 150) 0.301
First stimulated Tg (ng/mL) 25.65 (15-122) 28.1 (13.5-132) 0.285
Cause of second RAI therapy 0.002

SIR 10 (90.9%) 1 (14.3%)

BIR 1(9.1%) 6 (85.7%)
Reoperation 9 (81.8%) 2 (28.6%) 0.049
Interval between first and second RAI therapy (days) 359 (319 - 546) 883 (653 - 1,541) 0.285
Second pre on-Tg 0.91 (0.39 - 7.9) 27.79 (7.16 - 130) 0.008
Second pre stimulated Tg 29.06 (2.60 - 44.6) 261.61 (82.5 - 381) 0.003
Second RAI therapy dose (mCi) 150 (150 - 150) 200 (150 - 200) 0.162
Second iodine scan uptake, present (percentage) 3 (27.3%) 4 (57.1%) 0.332
Second post on-Tg 0.86 (0.172 - 1.19) 53.08 (9.67 - 246) 0.002
NED status 5 (45.5%) 4 (57.1%) 1

ATA: American Thyroid Association; BIR: biochemical incomplete response; NED: no evidence of disease; RAI: radioactive iodine; SIR: structural

incomplete response; Tg: thyroglobulin.

therapeutic response within either the BIR or SIR groups.

On the correlation analysis, the on-Tg difference rate dem-
onstrated a statistically significant positive association with
several Tg measurements. Specifically, we identified a mod-
erate correlation with the second pre on-Tg (p = 0.494, P =
0.039), a strong correlation with the second pre sTg (p = 0.685,
P = 0.002) and second post on-Tg (p = 0.685, P = 0.002). In
contrast, no statistically significant correlations were observed
between the on-Tg difference rates and other clinical or treat-
ment-related variables (Fig. 1).

At long-term follow-up, 52.4% of patients were in NED.
We subsequently compared the clinical parameters between
patients with NED and those with incomplete remission to ex-
plore potential predictive factors for treatment success, with
results showing that age, sex, nodal metastasis, first RAI treat-
ment dose, second RAI treatment dose, and cause of re-RAI
treatment were not significantly different between the two

groups (Table 2). Although the T3 and T4 stages were more
prevalent in both groups, the distribution of disease stages did
not significantly differ. Although the median first and second
pre sTg levels were higher in the incomplete remission group,
the differences were not significant. Furthermore, the range of
differences in Tg levels was not significantly different between
the two groups.

Discussion

The results of this study demonstrated that the second pre on-
Tg, second pre sTg, and second post on-Tg levels differed sig-
nificantly between the response and no-response groups after
the second RAI therapy. Additionally, the reason for the sec-
ond RAI therapy (SIR vs. BIR) and the history of reoperation
also varied significantly between the groups.
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Figure 1. Results of correlation analyses between Tg difference (%) and various clinical parameters. RAI: radioactive iodine; Tg:

thyroglobulin.

Numerous prior studies have explored the effectiveness of
second RAI therapy [8-13, 17, 18]. However, the overall bene-
fits of this approach still remain uncertain. Some of these stud-
ies have suggested that repeat RAI therapy may be effective in
certain patients. For example, in the study by Cadena-Pineros
et al, 48/1,299 patients received secondary RAI therapy after
reoperation, of whom 77.1% experienced no further recurrence
[8]. In contrast, one study enrolling 45 patients who under-
went reoperation for local recurrence identified no clear ben-
efit from secondary RAI therapy [13]. Further, another study
involving 53 patients with local recurrence, 61 with elevated
Tg levels, and 50 who underwent reoperation suggested that

secondary RAI therapy had a limited impact on outcomes in
patients with either local recurrence or persistent disease [10].
Therefore, the therapeutic effect of a second RAI treatment
remains unclear, and numerous studies have aimed to clarify
its role by examining various thyroid cancer-related factors.
Our study is the first to compare individual Tg levels be-
fore and 6 months after the second RAI therapy. In our analy-
sis, 52.4 % of patients showed a decrease in on-Tg levels fol-
lowing second RAI treatment. Three patients were excluded
from the analysis because of undetectable Tg levels; however,
two showed decreased changes in their TgAb levels. These
patients were excluded to avoid a potential selection bias,
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Table 2. Differences in Key Clinical Factors Between the NED and Incomplete Remission Groups After Second RAI Therapy

NED (n=11) Incomplete remission (n = 10) P value

Age, years, median (percentile) 49 (41 -52) 54 (50 - 60) 0.158
Gender, female number (percentage) 9 (81.8%) 7 (70.0%) 0.635
T stage 1

1 2 (18.2%) 2 (20.0%)

2 2 (18.2%) 1 (10.0%)

3 6 (54.5%) 5 (50.0%)

4 1(9.1%) 2 (20.0%)
Nodal metastasis

Present, number (percentage) 10 (90.9%) 8 (80.0%) 0.586

Number, median, (percentile) 8(4-16) 6(2-14) 0.972
ATA risk classification 0.059

Low (percentage) 5 (45.5%) 2 (20.0%)

Intermediate (percentage) 6 (54.5%) 4 (40.0%)

High (percentage) 0 4 (40.0%)
First RAI therapy dose (mCi) 150 (100 - 150) 150 (150 - 150) 0.609
First stimulated Tg (ng/mL) 25.65 (7.06 - 50.9) 74.62 (15 -177) 0.349
Cause of second RAI therapy 1

SIR 7 (63.6%) 7 (70.0%)

BIR 4 (36.4%) 3 (30%)
Reoperation 8 (72.7%) 6 (60%) 0.659
Interval between first and second RAI therapy (days) 833 (407 - 1,541) 361.5 (328 - 698) 0.197
Second pre on-Tg 3(0.397 - 25.6) 6.46 (0.374 - 22.6) 0.916
Second pre stimulated Tg 29.85 (10.1 - 166) 44.61 (2.43 - 171) 0.86
Second RAI therapy dose (mCi) 150 (150 - 150) 150 (150 - 188) 0.492
Second post on-Tg 1.12 (0.185 - 32.5) 1.11 (0.301 - 27.5) 0.916
Tg difference (%) 0(-22.8-10.4) -25.5 (-65.9 - 25.6) 0.86

ATA: American Thyroid Association; BIR: biochemical incomplete response; NED: no evidence of disease; RAI: radioactive iodine; SIR: structural

incomplete response; Tg: thyroglobulin.

although the percentage of patients showing a response in-
creased. When changes in TgAb levels were included in the
analysis, the results were consistent with the primary findings.
Specifically, second pre Tg levels and underlying causes re-
mained significantly different between the two groups (data
not shown). However, because it was considered methodo-
logically inappropriate to analyze Tg and TgAb differences
simultaneously, these three patients were excluded from the
treatment-response analysis.

Serum Tg is a well-established biomarker for monitoring
patients with DTC, given its exclusive production by thyroid
follicular cells [19, 20]. Postoperative Tg levels serve as sensi-
tive indicators for detecting residual disease, recurrence, and
metastasis after thyroidectomy and RAI ablation. In this study,
we observed that patients with lower Tg levels (second pre on-
Tg, second pre sTg, and second post on-Tg) were more likely
to respond favorably to a second RAI therapy. These findings
reinforce the clinical relevance of Tg monitoring as a predic-
tor of the treatment response. Conversely, Tg elevation dur-

ing second RAI treatment may indicate a more aggressive or
refractory disease course, underscoring the need to consider
alternative therapeutic strategies or close surveillance.

The statistically significant correlation between the on-Tg
difference rate and the second RAI therapy Tg measurements
suggests that the second pre/post on-Tg and second pre sTg
levels may serve as valuable indicators of treatment response
and tumor burden. In particular, its strong association with the
second pre sTg level underscores its potential use as a sensi-
tive biomarker for treatment planning [21, 22]. Although sTg
was not consistently measured 6 months post-RAI therapy in
all patients, our findings support the utility of serial Tg moni-
toring, particularly around the second RAI treatment, during
disease monitoring and management.

Our study demonstrated that a second RAI therapy was
significantly more effective in patients with lymph node in-
volvement. Because most SIR patients underwent secondary
surgery, their Tg levels were relatively lower than those in the
BIR group. As the second pre Tg levels in the SIR group were
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measured after surgery, the surgical intervention likely had a
major impact. Although prior studies have shown that second
RALI therapy is generally ineffective in patients with SIR after
surgery, our study demonstrated a 90.9% decrease in Tg levels
at 6 months compared to the BIR group [9, 17, 23, 24]. How-
ever, long-term follow-up did not reveal a significant differ-
ence between the two groups. This outcome may be attributed
to the fact that most SIR patients underwent secondary surgery
prior to the second RAI therapy, which likely contributed to
the more immediate reduction in Tg levels. These findings
suggest that while surgery may provide short-term benefits in
lowering Tg levels, more comprehensive long-term follow-up
is necessary to assess its sustained impact.

This study provides the clinical characteristics and out-
comes of patients undergoing a second RAI therapy, particu-
larly in relation to achieving NED status. Although differ-
ences were observed in age, sex, and Tg levels, no significant
clinical predictors of remission status were identified. These
findings suggest a limited prognostic value of traditional bio-
chemical and clinical markers for predicting long-term out-
comes. However, most patients remained under follow-up,
and only one patient died of thyroid cancer during the study
period. No significant clinical predictors of NED could be
identified.

This study had several limitations. A major limitation
of our study is the small sample size, primarily due to insti-
tutional constraints. We also aimed to stratify patients more
precisely; however, patients with both BIR and SIR after the
first RAI therapy were included due to the limited number
of eligible cases, which may have introduced selection bias.
Subgroup analyses of the BIR and SIR groups were performed
separately; however, no significant predictors were identified,
likely owing to the small sample size. Furthermore, the study
was conducted at a single institution and primarily evaluated
short-term outcomes. The limited sample size reduces statis-
tical power to detect significant associations and increases
the margin of error for parameter estimates. To validate the
effectiveness and optimal application of a second RAI thera-
py, future multicenter prospective studies with larger cohorts
and longer follow-up are essential. Such studies could also
help identify more robust clinical or molecular predictors of
treatment response and long-term remission.

Conclusions

Overall, the results of this analysis showed that the response
to second RAI therapy in DTC patients is influenced by the
pre/post-second RAI treatment Tg levels, cause of therapy,
and surgical history. While long-term outcomes, such as NED
status, did not correlate with specific clinical predictors, these
findings highlight the potential value of individualized treat-
ment planning based on early biochemical and clinical factors.
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