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ated thyroid cancer (DTC), typically for remnant ablation, adjuvant therapy, or treatment of
known persistent disease. Herein, we review updated RAI dose recommendations and
associated risks of secondary primary malignancy (SPM). RAI dose is usually chosen
empirically based on the risk assessment of tumor recurrence and other factors. Dose rec-
ommendations differ slightly among relevant medical societies. As of April 2024, most med-
ical societies, including the American Thyroid Association (ATA), European Thyroid
Association (ETA), Society of Nuclear Medicine and Molecular Imaging/European Associa-
tion of Nuclear Medicine (SNMMI/ EANM), and National Comprehensive Cancer Network
(NCCN), recommend a dose of 1.11 GBq (30 mCi) I-131 for remnant ablation. For adjuvant
therapy, the recommended RAI dose ranges from 1.11 to 3.7 GBq (30-100) mCi I-131,
although doses up to 5.6 GBq (150 mCi) may also be considered. In patients with known or
suspected metastatic disease, at least 3.7 GBq (100 mCi) I-131 should be administered,
and RAI doses as high as 7.4 GBq (200 mCi) may be justified depending on the suspected
tumor burden and extent. Dosimetry has the advantage of tailoring the RAI dose to each
patient's pharmacokinetics, resulting in ≥ 7.4 GBq (200 mCi) of I-131 in most cases. There
is an ongoing debate about the risk of developing SPM due to RAI therapy, with several mul-
ticenter studies and meta-analyses concerning SPM being published in the last 2 years. The
incidence of RAI-associated SPM varies according to the study design and detection
method. Several studies showed no increased incidence, and there was no specific second-
ary cancer or cancer group linked to RAI exposures. Some reports indicated that cumulative
RAI doses exceeding 5.6–7.4 GBq (150-200 mCi) were found to represent an increased risk
for developing SPM. However, a clearly defined dose threshold cannot be provided based
on the current literature. Nonetheless, caution should be exercised when considering
repeated RAI therapies for persistent metastatic PTC, with a cumulative dose exceeding
37.0 GBq (1,000 mCi), due to the potential risk of developing SPM and other long-term tox-
icity. Further research is warranted to understand better the relationship between RAI dose
and the risk of SPM.
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Introduction

Thyroid cancer is a prevalent type of endocrine cancer,
with a 1.2% rise in incidence in the United States in

2022. Women have a three-time higher incidence than
men.1,2 The majority of cases are differentiated thyroid can-
cer (DTC), of papillary or follicular histology, which are
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slow-growing tumors. In most patients, the disease course is
indolent (90%-95%), but a subgroup of patients (5%-10%)
may experience an aggressive course with higher risk of
recurrence.3-5 Papillary thyroid carcinoma tends to spread to
nearby lymph nodes and the lungs. Tumor involvement of
small central lymph nodes has minimal impact on the prog-
nosis as it can be easily treated with surgery. However, if the
disease spreads to lateral cervical or mediastinal nodes, the
prognosis is worse. Hematogenous spread to the lungs poses
a significant risk for persistence and recurrence. Metastases
to the bones and brain are less common, but they result in an
unfavorable outcome. Follicular thyroid carcinoma metasta-
sizes more often hematogenous with the involvement of
bones, lungs, brain, and other visceral organs.6,7 The Ameri-
can Thyroid Association (ATA) has divided DTC into three
groups with varying risks of recurrence: ATA low risk
(<5%), ATA intermediate risk (5%-20%), and ATA high risk
(>20%).5 The 5-year survival rate is 99.9% for localized dis-
ease, 98.3% for regional metastasis, and 54.9% for distant
metastasis.2

For patients with DTC thyroid cancer, surgery is consid-
ered the first-line treatment.5 Post-surgery management,
which is considered the standard of care, involves radioactive
iodine (RAI) therapy with iodine-131 (I-131) and thyroid
hormone therapy. In instances where the tumor does not
respond to RAI, additional treatments may be necessary,
such as reoperation of the neck, external beam radiotherapy,
interventional radiology ablation for treating locoregional
metastases, and a combination of BRAF and MEK inhibi-
tors.5,8-12
Indications for RAI Therapy
For over half a century, I-131 therapy has been utilized to
treat DTC. The objective of RAI therapy is to eliminate both
the residual thyroid cells and cancer cells after a surgery.5,13

This therapy is based on the observation that both absorb I-
131, leading to selective cell death.14-16 Guidelines for I-131
therapy concentrate on risk factors that increase risk of the
recurrence and prognosis after a total thyroidectomy. The
most commonly used method for classifying and staging
DTC is the pathologic Tumor-Node-Metastasis (pTNM) sys-
tem. Other criteria such as patient age and histology are also
used to further categorize the disease stage. Additionally,
there are other clinical methods to evaluate the prognosis,
such as MACIS (metastasis, age, completeness of resection,
invasion, size), AMES (age, metastasis, extent, size), and
AGES (age, grade, metastasis, and size).17-20 These prognos-
tic evaluations help determine the postsurgical risk and guide
the decision to undergo postsurgical RAI treatment.5

The term "RAI therapy" encompasses all forms of adminis-
tering RAI for the treatment.5 Currently, only specific cases
of DTC require RAI treatment, which is usually performed
for remnant ablation, adjuvant therapy, or the treatment of
persistent structural diseases.5,21,22 According to the 2015
ATA guidelines, RAI adjuvant therapy is advised after total
thyroidectomy for high-risk DTC patients and should also be
considered for intermediate-risk cases. However, RAI treat-
ment is not usually recommended in the absence of other
unfavorable factors for low-risk disease, unifocal papillary
microcarcinoma, and multi-focal papillary microcarcinoma
patients.5,21-23 In 2019, a joint statement by ATA, the Euro-
pean Association of Nuclear Medicine (EANM), Society of
Nuclear Medicine and Molecular Imaging (SNMMI), and the
European Thyroid Association (ETA) acknowledged the lack
of robust evidence for or against RAI treatment for low-risk
patients.23

The choice for postoperative RAI therapy should be based
on initial prognostic indicators for the likelihood of death
and recurrence related to thyroid cancer, including surgical
and pathological results, postoperative serum thyroglobulin
(Tg) levels, and neck US results obtained after surgery.
Regardless of the risk level, neck ultrasound (US), serum Tg
levels, and diagnostic RAI scans play a crucial role in deter-
mining which patients should receive RAI therapy.5,22 Neck
US is highly sensitive in detecting cervical metastases, with
the exception of the central compartment.23 Serum Tg meas-
urements can be useful as a screening tool, but they can be
impacted by concurrent thyroid-stimulating hormone (TSH)
levels and the presence of Tg antibodies. There are no estab-
lished Tg values to determine if a patient requires adjuvant
or high-risk RAI therapy.5,22,24,25 The use of diagnostic RAI
scans prior to RAI therapy will be discussed in the following
section. The indications for RAI treatment are consistent
among professional guidelines provided by ATA, ETA,
SNMMI, and EANM. The goal of RAI treatment and dose rec-
ommendations vary depending on the individual's risk cate-
gorization, as follows:5,21,22,26

(1) Thyroid Remnant Ablation: Ablation of the thyroid rem-
nant involves the use of RAI to eliminate the residual
thyroid tissue that has been deemed benign after a thy-
roidectomy. This is to facilitate better follow-up stud-
ies, such as monitoring with thyroglobulin levels and
neck ultrasound.5,22,23,25 Although the main objective
is to ablate the normal tissue, the RAI dose can also
have a tumoricidal effect on cancer cells.

(2) Adjuvant Radiation Therapy: The purpose of the RAI
therapy is to eliminate any potential microscopic
tumor deposits that may be present in patients with
suspected but unconfirmed residual disease. This is
done with the intent of a cure. This treatment is most
effective in older patients, those with aggressive forms
of histologies, an increasing volume of nodal metasta-
sis, disease with extra-nodal extension, and/or multiple
cervical nodes (N1). In these patients, the RAI therapy
is administered as an adjuvant treatment, which has
been shown to improve overall survival in both youn-
ger (<45 years) and older patients (≥65 years).27 The
adjuvant RAI therapy has been associated with a 29%
reduction in the risk of death in all patients.27

(3) Treatment of Metastasis or Recurrence: RAI is utilized to
destroy any persistent or recurrent tumors in patients
with known or suspected metastasis, residual or recur-
rent disease with curative or palliative intent. Patients
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with any evidence of persistent disease, whether bio-
chemical, structural, or functional, are suitable candi-
dates for RAI treatment.23 There is evidence from
noncontrolled prospective studies and retrospective
studies that postsurgical RAI therapy can improve
overall survival and disease-free survival.28
Empiric Approach Using
Standard RAI Dosage
For treating patients with DTC, the empirical, standard dose
approach is most commonly used. The dose selection is
based on several factors, including the patient's individual
risk of tumor recurrence. Although there are slight variations
in dose recommendations from different medical societies,
most recommend a range of 1.11-1.85 GBq (30-50 mCi) of
I-131 for remnant ablation, as higher doses are not consid-
ered necessary, Table 1.5,21,22,26,29 However, the 2019 prac-
tice parameters endorsed by ACR–ACNM–ASTRO–SNMMI–
SPR do allow for a range of 1.11-3.7 GBq (30-100 mCi) of I-
131 for remnant ablation.30 It is anticipated that their
upcoming update on RAI dose recommendations, Resolution
12 to be released in October 2024, will be similar to those
recently published by the SNMMI/ EANM in 2022.22

The RAI dose recommendations for adjuvant therapy are
difficult to establish across the medical societies as there is no
clear consensus on the optimal dose, Table 1. The suggested
doses range from 1.11 GBq to 5.55 GBq (30 to 150 mCi),
but most likely fall within the range of 1.85-3.7 GBq (50 to
100 mCi), with some institutions choosing to extend the
range to 5.55 GBq (150 mCi).5,21,22,29,30 The latest National
Comprehensive Cancer Network (NCCN) guidelines for
thyroid cancer, version 2.2024, updated in March 2024,
recommend 1.11 GBq (30 mCi) for remnant ablation and
2.78-5.55 GBq (75 to 150 mCi) for adjuvant therapy
based on surgical pathology or pre-therapy RAI scan
results. A case of adjuvant RAI therapy is shown in
Figure 1.
For patients with proven unresectable or metastatic

disease, a dose of 3.7- 7.4 GBq (100 to 200 mCi) is recom-
mended, Table 1,29 However, there are no reports comparing
the effectiveness of 3.7 GBq (100 mCi)-5.6 GBq (150 mCi)
for adjuvant treatment. A dose of 7.4 GBq (200 mCi) is typi-
cally reserved for high-risk patients with known residual
tumors. The guidelines caution against using doses over
3.7 GBq (100 mCi) due to the increased risk of xerostomia
and sialadenitis.31 Professional medical societies continue to
research and update the recommendations for RAI doses. It
is important that the selection of the RAI dose be discussed
among a team of experts.
Dosimetry-Guided RAI Therapy
Dosimetry is applied to determine the amount of I-131 that is
safe for an individual patient by taking into account their
specific pharmacokinetics. There are two methods of dosime-
try: blood/whole body and lesion-based.32-34

The blood/whole body method is widely used in the US
and usually takes 3-5 days to complete. The patient takes a
small dose of I-131 orally, and then daily measurements of
the radioactivity levels in their body and blood are taken.
The blood measurements serve as a proxy for the bone mar-
row, with the goal of determining a radioactivity as high-as-
safely-administrable (AHASA). The absorbed dose to the
radiosensitive bone marrow is limited to 2 Gray (Gy),
while the whole body is limited to 2.96 Gbq (80 mCi) at
48 hours after I-131 administration, to minimize the risk of
pulmonary fibrosis in patients with extensive pulmonary
metastases.22,29,32,35,36 This approach helps avoid severe
hematopoietic side effects, pulmonary fibrosis, and pneumo-
nitis. A diagnostic I-131 scan is also obtained during the
dosimetry procedure. There are differing opinions on the use
of dosimetry vs. empiric dosage for treating known disease,
but a study of 353 patients with metastatic DTC found no
benefit to dosimetry over an empirically administered dose
of >3.7 GBq (100 mCi).37 There was no statistical difference
in overall survival after adjusting for factors such as age, sex,
metastasis site, and metastatic extension. When empiric dos-
age was compared with blood/whole body dosimetry at
5 years, overall survival was 96% and 96% for patients less
than 40 years old with micrometastases, 70% and 65% for
patients older than 40 years with macrometastases or multi-
ple metastases, and 92% and 87% for patients younger than
40 years with macrometastases or older patients with micro-
metastases (P > 0.05). The results did not support a correla-
tion between clinical outcome and whole-body absorbed
dose or administered RAI activity.37,38 However, several limi-
tations arose due to the retrospective nature of the study,
conducted at two different medical centers, including miss-
ing data and limited reports on death/survival, and non-stan-
dardized clinical follow-up. Nonetheless, the correlation
between administered absorbed dose and treatment response
and toxicity is well established from the radiobiological
standpoint. This indicates that, in theory, personalized RAI
treatments based on dosimetry calculations would improve
treatment outcome and survival.35,39,40

The lesion-based dosimetry is ideal for macroscopic and
measurable lesions, allowing the calculation of specific
absorbed doses for these lesions.34 The goal of this method is
to administer a radioactivity as-low-as-reasonable-achievable
(ALARA) while still delivering the desired radioactivity dose
to the target tissue. For tumor lesions, an absorbed dose of
40-80 Gy is typically delivered, while for thyroid remnants,
the absorbed dose is usually 300-500 Gy.34 Although this
method is commonly used in Europe, it is not frequently
used in the United States.

The standard-dose approach for treating advanced DTC
does not take into account individual differences in iodine
clearance. Dosimetry, on the other hand, allows for tailoring
the RAI dose to each patient, resulting in mostly ≥ 7.4 GBq
(200 mCi) of I-131 being administered. There are no specific
guidelines for the use of dosimetry versus standard dose, but
dosimetry-based RAI therapy may be considered for patients



Table 1 Summary of RAI Dose Recommendations for DTC From Major Medical Societies

Medical
Society, Year

Thyroid
Remnant
Ablation

Adjuvant
Therapy

Known or Suspected
Metastatic Disease Comments

ATA, 2015 1.11 GBq
(30 mCi)

1.15-5.6 GBq
(30-150 mCi)

• 3.7-7.4 GBq
(100-200 mCi)

• Empiric dose > 5.6 GBq
(150 mCi) should be
avoided in patients
> 70 years old

Higher radioactivity should be
considered in patients with
less than a total or near total
thyroidectomy in which a larger
remnant is suspected or in which
adjuvant therapy is intended. It is
uncertain whether routine use of
higher RAI activities > 5.6 GBq
(150 mCi) will reduce disease
recurrence for T3 and N1
disease.

ACR-ACNM-ASTRO-
SNMMI-SPR, 2019*

1.11-3.7 GBq
(30-100 mCi)

3.7-5.6 GBq
(100-150 mCi)

5.6-7.4 GBq (150-200 mCi) 5.6 Gbq (150 mCi) for nodal
disease; 6.5 Gbq (175 mCi) for
pulmonary metastasis; and
7.4 Gbq (200 mCi) for skeletal
metastasis.

ETA, 2022 1.11 GBq
(30 mCi)

• 1.15-3.7 GBq (30
to 100 mCi)

• > 3.7 GBq (100 mCi),
if high-risk

> 3.7 GBq (100 mCi) For intermediate-risk patients, RAI
is most beneficial in the follow-
ing scenarios: Advanced age;
aggressive histologies; increas-
ing volume of nodal disease;
extranodal extension of the
tumor; multiple N1; and/or nodal
metastases outside the central
neck. There is no evidence that
> 3.7 GBq (100 mCi) improves
prognosis for adjuvant treat-
ment.

SNMMI/ EANM,
2022

1.11-1.85 GBq
(30-50 mCi)

1.85-3.7 GBq
(50-100 mCi)

• 3.7-5.6 GBq
(100-150 mCi)
– for small volume
locoregional disease

• 5.6-7.4 GBq
(150-200 mCi)
– for advanced
locoregional disease
and/or small volume
distant metastasis

• >7.4 GBq (200 mCi)
or maximum
tolerable based
on dosimetry
calculation – for diffuse
distant metastasis

Some committee
members recommend
up to 5.6 GBq (150 mCi) for adju-
vant treatment.

NCCN, 2024 1.11 GBq
(30 mCi)

2.78-5.6 GBq
(75-150 mCi)

3.7-7.4 GBq
(100-200 mCi)

Consider 30 mCi for the following
clinical scenarios: T1b/T2
(1–4 cm) with absent adverse
features; N1a disease with fewer
than 5 nodal metastases of
<2 mm; or primary <4 cm with
minor extrathyroidal extension.
Consider 5.6-7.4 GBq (150-200
mCi) for extracapsular invasion,
incompletely resected primary

Abbreviation: ACNM, American College of Nuclear Medicine; ACR, American College of Radiology; ASTRO, American Society for Radiation
Oncology; ATA, American Thyroid Association;5 EANM, Society of Nuclear Medicine and Molecular Imaging/European Association of
Nuclear Medicine;22 ETA, European Thyroid Association;21 NCCN, National Comprehensive Cancer Network;29 SNMMI, SPR, Society for
Pediatric Radiology.30

*Resolution 12 of the revised ACR practice parameter is expected to be released in October 2014, suggesting 1.11-1.85 GBq (30-50 mCi) for
remnant ablation. RAI dose recommendations for adjuvant therapy and metastatic disease remain unchanged.
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with distant metastatic disease when the necessary expertise
and safety measures are available.5,21,22 One study suggests
that dosimetry-guided RAI therapy may lead to improved
clinical outcomes and survival compared to standard doses.35

In a retrospective study of 87 subjects with locoregional and/
or distant metastases, multivariate analyses indicated that
dosimetry-guided RAI was 70% less likely to result in disease
progression (odds ratio, 0.29; 95% confidence interval,
0.087-1.02, P = 0.052) and more likely to achieve complete
response compared to standard dosage approach (odds ratio,



Figure 1 A 53-year-old female with a history of left lobe papillary thyroid cancer, status post left lobectomy followed by
completion right thyroidectomy (classical papillary, 2.8 cm, no lymphovascular invasion, no extrathyroidal extension,
negative margins, 3 of 10 level VI nodes positive for metastases, measuring up to 0.8 cm), pT2N1aMx, American Joint
Committee on Cancer (AJCC) 8th edition, stage I. The patient was treated with 1.9 Gbq (70 mCi) I-131 using an
rhTSH protocol (unstimulated TSH 0.2 mIU/L, Tg 0.4 ng/mL, Tg antibody < 20 IU/mL). Five days later, a post-ther-
apy whole-body scan demonstrated two foci of intense RAI uptake within the thyroidectomy bed (A, arrow) and no
evidence of local regional adenopathy or distant metastasis. The patient underwent a diagnostic RAI scan 12 months
later using an rhTSH protocol (B). Whole-body imaging obtained 2 days after the oral administration of 115 MBq
(3.1 mCi) I-131 showed resolution of previous RAI uptake in the thyroidectomy bed (B, arrow). There was no evidence
of local regional or distant metastasis (Tg < 0.1 ng/mL, and Tg antibody < 20 IU/mL). The patient remained disease-
free on subsequent tumor surveillance with clinical exam, serum Tg, and neck ultrasound.
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8.2; 95% confidence interval, 1.2-53.5; P = 0.029). More-
over, the maximum tolerable radioiodine activity was statisti-
cally associated with the observed rate of complete response
in the dosimetry-guided treatment group.35 When using
dosimetry, the thyroid hormone withdrawal (THW) protocol
is favored over the recombinant human TSH (rhTSH)
protocol as it leads to a higher radiation-absorbed dose.22

However, there are no comparative studies on the clinical
outcomes between the THW and rhTSH protocols.
Adverse Effects
The β-particles emitted by I-131 can cause cellular damage to
normal tissue, which can be permanent if the radiation dose
is high. Patients who undergo RAI therapy may experience
both acute and chronic side effects and face a small risk of
secondary cancers.5,22,41 The importance of drinking ample
fluids after I-131 therapy should be stressed during patient
education and the consent process. The increased fluid
intake helps to reduce radiation exposure to non-target
organs by increasing salivation and flushing of the orophar-
ynx, diluting the radioiodine concentration in the stomach,
and accelerating the clearance of I-131 from the body.
Risk of Secondary Primary
Malignancy
The issue of developing secondary primary malignancies
from RAI therapy for DTC continues to be debated.42-44 The
rate of such malignancies linked to RAI may vary depending



Table 2 Summary of Recent Literature Reports on the Risk of Secondary Primary Malignancies in DTC Patients Undergoing RAI
Therapy

Study Setting, Year of
Publication Sample Size, Population Results

1. Multicenter, retrospective
(2001-2020), South Korea, 2022

24,318, mostly adult No increased risk of SPM (hematologic and non-hemato-
logic) in subjects treated vs. not treated with RAI (hazard
ratio [HR] ≤ 1, based on 95% CI). No significant increase
in HR in patients who received <3.7 GBq (100 mCi) vs. >
3.7 GBq (100 mCi) I-131.49

2. US Surveillance, Epidemiology,
and End Results (SEER) registries
(1975-2017), retrospective, 2022

27,050, pediatric and adult
<45 years of age

Increased risk of hematologic malignancies was observed,
including leukemia (RR=1.51; 95% CI, 1.08-2.01), and
solid cancers, including breast cancer (RR = 1.23; 95% CI,
1.11-1.37), particularly more than 20 years after RAI
exposure.52

3. US Surveillance, Epidemiology,
and End Results (SEER) registries
(1975-2011), retrospective, 2022

38,985
Females age ≥ 15

Increased risk of secondary breast cancer in adolescent
and young adult females DTC patients (age 15-39), com-
pared with those without RAI (HR 1.65; 95% CI, 1.33-2.05,
P < 0.001) and the general population (HR 1.21; 95% CI,
1.02-1.44, P < 0.05).60

4. Multi-center, retrospective
(1934-2005), West Europe, 2022

8,475,
mostly adult

Breast cancer risk did not differ between DTC women
treated or not with I-131 (RR=1.07, 95% CI 0.84-1.35).
However, breast cancer risk was observed in patients
receiving ≥400 mCi (RR = 2.41, 95% CI: 1.13-3.52), and a
significant dose-dependent association was observed.
Overall, I-131 treatment might only explain partly the
increase in breast cancer risk among female thyroid can-
cer survivors.63

5. Meta-analysis of 14 studies,
2022

200,247, mostly adult No increased risk of breast cancer in follow up of at least
2 years (pooled relative risk [RR] = 0.88, 95% CI 0.70-
0.99, P < 0.001).61

6. Meta-analysis of 17 studies,
2018

>300,000, mostly adult There was a 16% increased risk for any SPM, however, not
statistically significant (pooled relative risk (RR)= 1.16,
95%CI 0.97-1.39, P = 0.093). The risk of leukemia was
statistically significant, although a rare event (RR =1.60,
95% CI 1.30–1.96, P < 0.001). There was no significant
increased risk of breast cancer, salivary cancer or com-
bined hematologic malignancies.56

6. Retrospective single-center
study, Portugal (1998-2009),
2017

2,031,
mostly adult

There was an 84% increase in secondary solid malignancy
in RAI group vs. non-RAI group (RR = 1.84; 95% CI 1.02–
3.31, P = 0.026). An accumulative dose >7.4 GBq (200
mCi) was statistically significantly associated with the
incidence of secondary solid malignancy.62

7. Taiwan National Health Insur-
ance database (1997-2010), ret-
rospective, 2016

20,235,
adult

Cumulative RAI dose is associated with increased risks of
secondary solid malignancies (adjusted HR = 1.01, 95%
CI = 1.01-1.02, P < 0.001) and leukemia (adjusted
HR = 1.03, 95% CI = 1.02-1.04, P < 0.001. A cumulative I-
131 dose > 5.55 GBq (150 mCi) conferred a significant
risk for all cancer combined (adjusted HR = 1.30) and leu-
kemia (adjusted HR = 6.03).50

8. Retrospective single-center
study, South Korea (1976-2010),
2015

2,468,
mostly adult

DTC patients treated with RAI showed an increased risk of
developing SPM (odds ratio [OR]= 1.14, 95%CI 0.672-
1.915). A high cumulative RAI dose ≥37.0 GBq (1000
mCi) was associated with significant risk of SPM (OR=
5.85, 95%CI 2.61-13.07, P < 0.001). Patients treated with
<37.0 GBq (1000 mCi) did not show increased risk of
SPM.64

9. US Surveillance, Epidemiology,
and End Results (SEER) registries
(1973-2008), 2015

3,850,
<25 years old

The RR of SPM at any site was significantly elevated in DTC
patients, aged <25 at the time of RAI (standardized inci-
dence ration [SIR] = 1.42), particularly for salivary gland
cancer. The risk of leukemia was elevated (SIR = 4.0),
however, not statistically significant.65
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494 N.C. Nguyen et al.
on the study's design and detection method. Some studies
have found no increased incidence,45-48 as also seen in a
2022 study of 24,318 DTC patients in South Korea that
showed no significant difference in secondary cancer risk
between patients treated and not treated with RAI, Table 249

However, other studies suggest a correlation between RAI
dose and the risk of secondary primary malignancies,
including leukemia.50-56 It is well documented that radia-
tion exposure is a significant risk factor for developing leu-
kemia, particularly acute myelogenous leukemia (AML)
and chronic myelogenous lymphoma (CML), and that the
risk is higher in children than adults.52,54,57 There was
however no documented risk of lymphoid malignancies,
e.g., Hodgkin's lymphoma, which are not clearly radiation
associated.58,59

The most recent study using US SEER data (1975-2017)
of 27,050 pediatric DTC patients found elevated risks of
secondary primary neoplasms, including leukemia and
solid cancers such as breast cancer. RAI therapy was esti-
mated to be potentially responsible for 6%, 5%, and 14% of
secondary solid, breast, and hematologic malignancies,
respectively. Despite the relative risks and rare incidence of
solid malignancies in DTC survivors, the absolute lifetime
excess risks are thought to be small.52 Another SEER-based
study indicated a higher rate of secondary breast cancer in
younger DTC patients who received RAI therapy compared
to both non-RAI treated patients and the general popula-
tion.60 However, the risk of RAI-associated breast cancer
remains a matter of debate, with a meta-analysis of 200,247
DTC patients indicating no higher risk of primary breast
cancer in patients treated with RAI compared to those not
treated Table 2.61 Many published reports have limitations
in terms of study design and execution. Most studies
adjusted for gender and age at the time of DTC diagnosis,
but other potential confounding factors such as missing
data, inappropriate control groups, treatment of prior
cancer, and family disposition of cancer were not always
routinely assessed and adjusted for, which may have con-
tributed to conflicting results among published reports.
This included variable low to moderate range of absolute
excess risk of SPM.52,62,63 Although the risk of developing
secondary hematologic malignancies is higher than primary
solid malignancies following RAI therapy, the quality of evi-
dence is considered low, particularly for secondary solid
malignancies.44

Some reports suggest a statistically significant risk for sec-
ondary malignancy with cumulative RAI doses greater than
5.55-7.4 GBq (150-200 mCi),50,62 but a clear dose threshold
cannot be defined based on current literature. Nonetheless,
repeated RAI therapies for persistent metastatic PTC, with a
cumulative dose exceeding 37.0 GBq (1000 mCi), should
be approached with caution due to the potential risk of
developing SPM and other long-term toxicity, such as
myelosuppression.29,64 Further high-quality research is nec-
essary to better understand the relationship between RAI
dose and the risk of secondary malignancy.
Conclusions
RAI therapy is indicated in specific cases of DTC for remnant
ablation, adjuvant therapy, or treatment of persistent disease.
Dose recommendations slightly differ among professional
medical societies. Adjuvant therapy dose recommendations
are particularly challenging to establish as there is no clear
consensus on the optimal dose. The ongoing debate regard-
ing the risk of developing secondary primary malignancies
following RAI therapy for DTC requires further investigation.
Cumulative RAI doses exceeding 5.6-7.4 GBq (150-200
mCi) may be associated with the risk of developing second-
ary malignancies. However, the current literature does not
provide a clearly defined dose threshold. More research is
necessary to better understand the relationship between RAI
dose and the risk of secondary primary malignancies.
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