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Abstract

Background The effectiveness of radioiodine therapy (RAI) in reducing recurrence and improving overall survival
in differentiated thyroid carcinoma (DTC) remains debated. This systematic review evaluates the impact of RAl on DTC
recurrence and survival.

Methods A comprehensive search was conducted across PubMed, ScienceDirect, Web of Science, CINAHL, and Trip-
database, including studies from inception to August 2024. Only studies published in English with full-text availability
were included. Risk of bias was assessed using the Revised Risk of Bias Assessment Tool for Nonrandomized Studies
of Interventions (ROBANS 2).

Results Nine studies were included, involving 161,703 participants (36,658 men and 125,045 women). The studies
were geographically diverse, with four from the American continent, three from Asia, and two from Europe. RAl doses
ranged from 30 to 300 mCi, with 30 mCi and 100 mCi being the most common. Five studies found that RAl reduced
recurrence, while two found no significant effect. The median time to recurrence ranged from 10 months to 15 years,
with most studies indicating a 1-2-year median. Regarding overall survival, two studies reported improvement

with successful RAl therapy, while two found no significant impact.

Conclusion RAl therapy shows potential in reducing recurrence in DTC, particularly within the first 2-year post-treat-
ment, but its effect on overall survival remains unclear. Further high-quality research is necessary to confirm these
findings and guide clinical practice.
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Introduction

Differentiated thyroid carcinoma (DTC) is the most com-
mon form of thyroid cancer, accounting for approxi-
mately 90% of all thyroid cancer cases in developed
countries [1]. DTC originates from follicular cells and
includes subtypes such as papillary thyroid carcinoma
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most patients responding well to standard treatments [5,
6]. However, certain factors, such as distant metastases,
extrathyroidal invasion, high-grade tumors, and older
age, may increase the risk of recurrence and mortality in
DTC patients [5].

Radioactive iodine (RAI) therapy, particularly with
iodine-131, is a cornerstone in the treatment of DTC. It
plays a crucial role in eliminating residual thyroid tissue
and targeting any remaining cancer cells after thyroidec-
tomy [7]. The efficacy of RAI therapy is largely due to the
ability of thyroid cells to concentrate and retain iodine,
facilitated by the sodium-iodide symporter (NIS), which
allows for targeted radiation delivery to malignant thy-
roid tissue while minimizing systemic effects [8, 9]. Over
the years, advancements in RAI therapy have refined dos-
ing strategies and treatment protocols, contributing to its
role in improving survival rates and reducing recurrence
in DTC patients, particularly those with certain risk fac-
tors or iodine-avid distant metastases [10, 11].

It is important to consider prior studies that have sig-
nificantly contributed to the understanding of RAI ther-
apy in DTC. For instance, a study from Wang et al. (2020)
demonstrated that RAI ablation provides clear benefits in
reducing recurrence in intermediate-risk papillary thy-
roid cancer, reinforcing its value in specific risk groups.
[12] Other studies provided long-term, institution-based
analyses, highlighting prognostic factors and treatment
outcomes over several decades, including the roles of
surgery, RAL and external beam radiation [13, 14]. These
foundational studies support the view that patient selec-
tion based on risk stratification is key to maximizing RAI
benefit. Additionally, recent evidence from Toraih et al.
(2024) focused on the pediatric population, showing that
RAI ablation significantly reduces the risk of recurrence
in children with DTC. [15]

Despite its established role, the effectiveness of RAI
therapy in reducing recurrence and enhancing overall
survival in DTC remains a topic of debate. While some
studies support its benefits, others have reported incon-
sistent findings, particularly concerning the long-term
impact of RAI on overall survival and disease control
[8]. The potential risks associated with internal radia-
tion exposure from RAI, such as the development of
secondary malignancies, have also been a concern [16].
Furthermore, the management of DTC with aggressive
therapies, including RAI has sparked discussions regard-
ing the balance between the benefits and potential risks,
leading to conflicting recommendations in clinical prac-
tice [17]. These discrepancies may stem from variations
in study design, patient characteristics, RAI dosages, and
follow-up durations. Given these inconsistencies, there
is a critical need to systematically review and synthe-
size the available evidence. This systematic review aims
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to provide a comprehensive evaluation of the impact of
RAI on recurrence in DTC patients, helping to clarify its
role in clinical practice and identify areas where further
research is needed. By addressing these gaps in the litera-
ture, the review seeks to offer clearer guidance for clini-
cians in optimizing the use of RAI for managing DTC.

Methods

This systematic review followed a PRISMA guideline to
evaluate the impact of radioiodine therapy on the recur-
rence of differentiated thyroid carcinoma [18]. Three
authors independently conducted an extensive literature
search across five electronic databases: PubMed, Scien-
ceDirect, Web of Science, CINAHL, and Tripdatabase.
The search included studies from the inception of each
database up to August 2024. The search strategy com-
bined relevant keywords and Medical Subject Headings
(MeSH) terms related to “radioiodine therapy,” “differen-
tiated thyroid carcinoma,” “papillary thyroid carcinoma,’
and “recurrence” Boolean operators (AND, OR) were
used to refine the search, ensuring the inclusion of all
pertinent studies.

Studies were selected based on the following criteria: it
discussed the effect of radioiodine therapy on differenti-
ated thyroid carcinoma recurrence, were published in
English, and had full-text availability. Eligibility criteria
were shown in Table 1. Titles and abstracts were initially
reviewed, followed by a full-text assessment of potentially
relevant articles. Any disagreements between the three
reviewers during the selection process were resolved
through discussion with a fourth independent reviewer.
The included studies demonstrated substantial hetero-
geneity in patient characteristics, radioiodine dosages,
and study designs, which prevented the performance of
a meta-analysis. This variability may have affected the
overall findings and highlights the difficulty in reaching
definitive conclusions.

To ensure the quality and reliability of the included
studies, the risk of bias was assessed using the Revised
Risk of Bias Assessment Tool for Nonrandomized Stud-
ies of Interventions (RoBANS 2) [19]. The three authors
independently conducted the risk-of-bias assessment,
with discrepancies resolved through discussion among all
authors. References were organized using Mendeley Ref-
erence Manager to maintain accuracy and consistency in
citation management.

Results

The search strategy involved querying five electronic
databases, including PubMed, ScienceDirect, Web of Sci-
ence, CINAHL, and Tripdatabase, resulting in 1692 arti-
cles (651 from PubMed, 1013 from ScienceDirect, and 28
from other databases). The initial article-type screening
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Table 1 Eligibility criteria for this review
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Criteria Inclusion

Exclusion

Population

Intervention Radioiodine therapy

Outcome Recurrence of DTG, recurrence-free survival (RFS),
overall survival (OS), thyroglobulin (Tg) levels

Study design Randomized controlled trials (RCTs), cohort studies,
case—control studies, observational studies

Language English

Full-text availability Full-text accessible

Publication date From database inception to August 2024

Patients with differentiated thyroid carcinoma

Patients with other types of thyroid cancer
Studies not involving RAI treatment
Studies not reporting recurrence, survival, or Tg outcomes

Case reports, case series, editorials, reviews, conference abstracts

Non-English studies
Studies without full-text availability

reduced this to 54 articles, which were further narrowed
to 14 articles after screening based on the article title.
Full-text availability and relevance were then assessed,
leading to the exclusion of five articles that did not
meet the criteria [20—24]. Ultimately, nine studies were
included in the final review, ensuring a thorough and sys-
tematic approach to evaluating the impact of radioiodine
therapy on differentiated thyroid carcinoma recurrence.
The search process is shown in Fig. 1.

A total of nine studies were included in this systematic
review. The geographic distribution of the studies was as
follows: four studies from the American continent, three
from Asia, and two from Europe. Regarding the risk of
bias, four studies were assessed as having a high risk of
bias, two had a medium risk, and three were determined
to have a low risk of bias. Specific concerns were noted
in four studies related to the comparability of the tar-
get group domain, while three studies had issues con-
cerning target group selection and confounding factors.
No significant concerns were found in the domains of
exposure measurement, blinding of assessors, outcome
assessment, incomplete outcome data, or selective out-
come reporting. The risk-of-bias assessment is shown in
Table 2.

The nine studies included in this review encompassed
a total of 161,703 participants, with 36,658 men and
125,045 women. The mean age of participants ranged
from 44 to 55.2 years, with the youngest participant
being 9 years old and the oldest 89 years old. Six stud-
ies focused on patients with PTC, while three included
patients with DTC more broadly. The dose of RAI admin-
istered varied between 30 and 300 mCi, with 30 mCi and
100 mCi being the most used doses.

While our inclusion criteria focused on studies exam-
ining the impact of RAI therapy on DTC outcomes, not
all studies reported both recurrence and overall survival.
Out of the nine included studies, seven provided data
on recurrence rates, and only four reported overall sur-
vival outcomes. Therefore, when synthesizing the results,

analyses related to recurrence were based on the seven
studies that reported these data, and the assessment of
overall survival was derived from the four studies that
included such outcomes.

In terms of outcomes, five studies concluded that
RAI therapy could reduce the recurrence of thyroid
carcinoma, while two studies reported findings to the
contrary. The median time to recurrence ranged from
10 months to 15 years, with most studies indicating a
median time to recurrence of approximately 1 to 2 years.
Several variables were identified that influenced the suc-
cess of RAI in preventing recurrence. Factors such as
older age, high thyroglobulin (Tg) levels before RAI ther-
apy, and extranodal extension were associated with less
successful outcomes. Conversely, successful therapeu-
tic response, higher RAI doses, and the presence of the
classic type of PTC were associated with a lower risk of
recurrence.

Among the studies included in this review, three stud-
ies demonstrated that RAI therapy significantly reduced
Tg levels, indicating a positive response to treatment and
effective ablation of thyroid tissue. These studies showed
a consistent decrease in Tg levels following RAI, suggest-
ing its potential role in reducing tumor burden and aid-
ing in the monitoring of differentiated thyroid carcinoma
(DTC) recurrence. However, one study reported contra-
dictory findings, showing no significant decrease in Tg
levels after RAI treatment. Regarding overall survival,
two studies suggested that successful RAI therapy could
improve survival rates, whereas two studies did not find a
significant impact on overall survival. A summary of the
included studies is presented in Tables 3 and 4.

Discussion

This review synthesized data from nine studies to evalu-
ate the impact of RAI on the recurrence and overall sur-
vival of patients with DTC. The findings revealed that
while most studies (five out of nine) supported the effec-
tiveness of RAI in reducing the recurrence of thyroid
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Fig. 1 PRISMA flowchart

carcinoma, there were also studies that found no sig-
nificant impact on overall survival. The median time to
recurrence varied widely across studies, ranging from
10 months to 15 years, with most recurrences occur-
ring within the first 1- to 2-year post-treatment. These

results highlight the potential of RAI therapy to play a
critical role in the early management of DTC, particu-
larly in reducing the risk of recurrence. The risk-of-bias
assessment using RoBANS 2 revealed variability across
the included studies, with several studies rated as high
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Table 2 Risk-of-bias assessment using ROBANS-2

No Domain Study index number

1 2 3 4 5 6 7 8 9

1 Comparability of the target group Low Low Low Low High High High High Low
2 Target group selection Low Low High Low High High Low Low Low
3 Confounders Low High High Low Low Low Low High Low
4 Measurement of exposure Low Low Low Low Low Low Low Low Low
5 Blinding of assessors Low Low Low Low Low Low Low Low Low
6 Outcome assessment Low Low Low Low Low Low Low Low Low
7 Incomplete outcome data Low Low Low Low Low Low Low Low Low
8 Selective outcome reporting Low Low Low Low Low Low Low Low Low
Overall results Low Medium High Low High High Medium High Low

risk (studies 3, 5, 6, and 8), some as medium (studies
2 and 7), and others as low risk (studies 1, 4, and 9). In
synthesizing the evidence, greater emphasis was placed
on the findings from low-risk studies, which were con-
sidered more reliable, while results from high-risk stud-
ies were interpreted cautiously. For instance, although
study 3 reported significant benefits from repeated RAI
courses, its high-risk rating suggests that these findings
should be validated by further research with more rigor-
ous methodologies. Similarly, high bias in studies 5 and
6, which reported poorer recurrence-free survival and
increased recurrence predictors (e.g., extranodal exten-
sion), respectively, indicates that the observed associa-
tions might be influenced by methodological limitations.
Medium-risk studies (2 and 7) provided supportive evi-
dence, but their findings were balanced against the over-
all risk profile. This stratified approach ensured that the
synthesis of outcomes—particularly regarding recurrence
and survival—was critically evaluated considering study
quality, thus providing a more nuanced interpretation of
the efficacy of RAI therapy in DTC management.

RAI reduces Tg levels in differentiated thyroid carci-
noma DTC by selectively targeting thyroid follicular cells
that take up radioactive iodine via the NIS. This uptake
allows RAI to destroy residual thyroid tissue and malig-
nant cells post-total thyroidectomy. High levels of TSH
further enhance NIS expression, improving radioiodine
uptake and boosting the therapeutic response, which
leads to a decrease in Tg levels [8]. The ablation of malig-
nant cells causes an initial spike in Tg levels due to the
release of stored Tg, followed by a subsequent decline as
treatment progresses, marking successful ablation [34,
35]. However, in cases of poor NIS expression, such as in
radioiodine-refractory disease, the effectiveness of RAI is
diminished [36]. Our review supports these findings, as
three studies demonstrated a decrease in Tg levels after
RAIL while one study showed no significant reduction,

likely reflecting these variations in tumor biology and
treatment response.

The success of RAI therapy in treating DTC is influ-
enced by a variety of factors, ranging from the biological
characteristics of the tumor to the therapeutic protocols
employed. A key determinant is the expression of iodide-
handling genes, particularly the NIS, which is crucial for
the uptake of radioiodine by thyroid cells. Tumors with
high NIS expression are more likely to respond well to
RAI therapy, whereas those with diminished NIS activ-
ity may exhibit radioiodine refractoriness, leading to
less favorable outcomes [8]. Genetic mutations, such as
the BRAF V600E mutation, also play a significant role
in this context, as they are associated with reduced NIS
expression and more aggressive disease behavior, which
can contribute to a poor response to RAI therapy [37].
In addition to genetic factors, the timing and method of
RAI administration are critical. Postoperative RAI ther-
apy is typically administered after total thyroidectomy to
ablate any residual thyroid tissue and treat iodine-avid
metastases. Early administration of RAI therapy is often
associated with better outcomes [38]. Adjunctive thera-
pies, such as recombinant human thyrotropin (rhTSH),
have been shown to enhance radioiodine uptake by
stimulating NIS expression, which is particularly ben-
eficial for patients who cannot undergo thyroid hormone
withdrawal [39, 40]. Moreover, the presence of compet-
ing follicular cells in the thyroid bed, which can absorb
radioiodine and reduce the amount available for target-
ing cancerous cells, underscores the importance of thor-
ough surgical resection to minimize residual tissue and
improve RAI effectiveness [41].

Dietary compounds and other adjuvant interven-
tions have also been explored to enhance iodide uptake
and improve RAI outcomes. For instance, flavonoids
like rutin have been shown to increase NIS expression
and iodide uptake in preclinical studies, suggesting their
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potential as adjunctive therapies [42]. Similarly, small
molecules that inhibit specific signaling pathways, such
as fB-catenin inhibitors, have been proposed to enhance
NIS localization and function, thereby improving the
effectiveness of RAI in aggressive thyroid cancers [43].
Lastly, patient factors such as age, overall health, and
comorbidities also play a crucial role in the success of
RAL Younger patients with fewer comorbidities generally
have better responses to RAI compared to older patients
with multiple health issues [44]. These factors collectively
highlight the complex interplay between tumor biology,
treatment protocols, and patient characteristics in deter-
mining the success of RAI therapy in DTC management.

Despite the established role of RAI in managing DTC,
significant gaps in knowledge persist regarding the fac-
tors that influence its effectiveness. One major challenge
is the variability in patient response to RAI, which is
affected by a range of variables such as age, genetic muta-
tions, and tumor characteristics. For instance, older age,
high thyroglobulin levels before RAI therapy, and extran-
odal extension have been associated with less successful
outcomes, suggesting that these factors may contribute
to radioiodine refractoriness. Conversely, a successful
therapeutic response, higher RAI doses, and the presence
of the classic type of PTC have been linked to a lower
risk of recurrence. However, the precise mechanisms by
which these variables influence RAI efficacy are not fully
understood, and there is inconsistency in how these fac-
tors are addressed in clinical practice.

This systematic review addresses these gaps by syn-
thesizing the current evidence on the factors influenc-
ing RAI success and identifying key areas where further
research is needed. By analyzing data from diverse stud-
ies, this review provides a comprehensive overview of
how patient characteristics, tumor biology, and therapeu-
tic protocols impact RAI outcomes in DTC patients. It
highlights the need for personalized treatment strategies
that consider individual risk factors, such as age and pre-
therapy thyroglobulin levels, to optimize RAI efficacy.
Additionally, the review underscores the importance of
standardizing treatment protocols, including RAI dos-
ing and patient selection criteria, to enhance clinical out-
comes across different patient populations. By addressing
these gaps, this review offers a clearer understanding
of the challenges in RAI therapy for DTC and proposes
directions for future research to improve treatment suc-
cess and patient survival.

The strength of this review lies in its comprehensive
search strategy across multiple databases and the rigor-
ous assessment of study quality using a standardized
risk of bias tool. This approach ensured that only rel-
evant and high-quality studies were included, providing
a robust evaluation of the current evidence. One of the
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key novelties of this review is that it is the only system-
atic review to date that specifically explores the impact
of RAI on recurrence and survival in DTC across diverse
geographic regions and patient populations. Besides that,
this review evaluates the impact of RAI on DTC out-
comes with explicit attention to global representation—
comparing findings from studies conducted in America,
Asia, and Europe. Additionally, this review synthesizes
recent findings and highlights specific clinical variables
that influence RAI effectiveness, such as age, thyroglobu-
lin levels, histological subtype, and dosing patterns. This
provides a unique global perspective on the effectiveness
of RAI therapy in DTC and contributes new insights to
the ongoing debate about its clinical utility. However,
the review is not without limitations. The heterogene-
ity among the included studies, particularly in terms of
patient populations, RAI dosages, and study designs, was
significant, which precluded the possibility of conduct-
ing a meta-analysis. This high heterogeneity may have
influenced the results and underscores the challenges in
drawing definitive conclusions. Another limitation of this
review is that there is one study that included patients
with recurrent DTC. As these patients are inherently at
a higher risk for experiencing another recurrence, their
inclusion may bias the recurrence outcomes and poten-
tially limit the generalizability of the results regarding
RAI therapy efficacy. Moreover, its findings apply only
to the adult population, as the majority of the included
studies exclusively involved adult patients. As such, the
results may not be generalizable to pediatric popula-
tions, who may have different clinical characteristics and
responses to radioactive iodine therapy. Additionally, the
exclusion of non-English studies and those without full-
text availability may have limited the scope of the review.
Despite these limitations, this review provides valu-
able insights into the role of RAI therapy in managing
DTC and underscores the need for further high-quality
research to confirm these findings.

Conclusion

This review highlights the mixed outcomes of RAI ther-
apy in reducing recurrence in DTC. While the majority of
studies suggest a potential benefit, especially within the
first 2 years after treatment, the effect on overall survival
remains inconclusive. The findings of this review empha-
size the importance of individualized treatment planning,
as the effectiveness of RAI appears to be influenced by
several patient and tumor-related factors. Based on the
included studies, RAI is more likely to be beneficial in
adult patients with classic papillary thyroid carcinoma,
higher initial thyroglobulin levels, and those receiving
higher RAI doses. In contrast, older patients and those
with extranodal extension or low radioiodine uptake
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may derive less benefit. These insights can help clinicians
identify which patients are most likely to respond to RAI
and tailor treatment accordingly. Further high-quality
research is needed to clarify the role of these variables
and support evidence-based RAI administration strate-
gies in DTC management.
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