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History of Radioactive iodine 











“There is no question... we

should ablate normal thyroid

as part of the treatment of

differentiated thyroid

carcinoma”



PATHOLOGIC DEFINITION 



Epithelial tumors

Follicular cell neoplasms

Benign follicular tumors

Follicular adenoma

Hyalinizing trabecular tumors

Hurthle cell adenoma

Borderline follicular tumors/encapsulated or well circumscribed follicular pattern 

tumors with well develop or equivocal nuclear features of PTC

FT-UMP

WDT-UMP

NIFTP

Carcinoma 

Papillary carcinoma

Follicular carcinoma

Hurthle carcinoma

Poorly differentiated carcinoma

Anaplastic (undifferentiated) carcinoma

Squamous cell carcinoma





Variants of Papillary Thyroid Carcinoma

Conventional/classic 

Papillary microcarcinoma

Encapsulated 

Follicular 

Defused sclerosing

Tall cell

Columnar cell

Cribriform-morular

Hobnail 

Oncocytic 

Spindle cell

Clear cell variant

Warthin like variant

Solid/trabecular variant

Papillary thyroid carcinoma with fibromatosis fasciitis-like stroma



Goals of Initial Therapy of DTC 



o Improve overall survival.
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o Improve overall survival. 

o Reduce recurrent and morbidity.

o Staging and risk stratification.

o Reduce treatment-related morbidity and 

unnecessary therapy. 





Benefits of Radioactive Iodine 



Mezzaferri et al. Journal of Clinical End & Met 2001 



Mezzaferri et al. Journal of Clinical End & Met 2001 
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RAI Function

Metastatic disease 
Probable residual tumours based on 

histopathological evidence of positive 

margins, extra-thyroidal extensions or 

involvement of tumours in resected 

lymph nodes

Adjuvant therapy
Based on assumption of occult tumours 

based on assessment of risk factors

Remnant ablation
Improve sensitivity to radioactive iodine,  

to detect and destroy recurrence of the 

disease
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RAI Dosage 

Residual thyroid 

beds 
80-100 mCi (3 – 3.7 

GBq) 

Regional 

metastases 

120 mCi (4.4 GBq) 

Lung and skeletal 

metastases 

150 mCi (5.5 GBq) 



Current Indications for Use of 

Radioactive Iodine 



Role of RAI Function 2009 ATA 

recommended 

dosage

2015 ATA 

recommended 

dosage

Remnant ablation Ablate residual 

thyroid tissue to 

facilitate surveillance 

30-100 mCi 30 mCi

ATA, American Thyroid Association*
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30-100 mCi 30 mCi
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recurrence risk
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Therapy Ablate known 

locoregional or 

metastatic thyroid 

cancer to eradicate 
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determine by 
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RAI therapy by 6-12 
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Risk Stratification 



Risk category 2009 ATA 

Guidelines

2015 ATA  

Guidelines 

additional

2015 RAI 

recommendation

% NED 

after 

TT/RAI

Low risk No local or distant 

metastasis

Clinical N0 Not routinely 

recommended 
78-86%

No microscopic 

tumor remaining

≤ 5 pathologic N1 

micrometastases (< 

2mm in size)

No ETE Intrathyroidal 

encapsulated Follicular 

variant of PTC

No vascular 

invasion

Intrathyroidal FTC with 

capsular invasion and 

minimal vascular 

invasion (< 4 foci)

Non aggressive 

histology

Intrathyroidal papillary 

microcarcinoma, 

unifocal or multifocal, 

including BRAF 

mutation

If RAI given, no RAI 

avid metastatic foci 

outside the thyroid 

bed on the post 

treatment WBS

ATA, American Thyroid Association, ETE, extra thyroidal extension, TT, total thyroidectomy, NED, no evidence of disease,
PTC, papillary thyroid carcinoma, FTC, follicular thyroid carcinoma, RAI, radioactive iodine



Risk 

category

2009 ATA 

Guidelines

2015 ATA  

Guidelines 

additional

2015 RAI 

recommendation

% 

NED 

after 

TT/R

AI

Intermediate  

risk

Minimal ETE Clinically N1 Can be considered 52-

63%RAI metastatic 

avid foci in 

neck in 1st

post treatment

WBS

> 5 pathologic N1 

(all involve LN < 

3mm in size)

Aggressive 

histology (tall

cell, columnar)

Multifocal 

papillary 

microcarcinoma 

with ETE and 

BRAF mutation
PTC with 

vascular 

invasion

ATA, American Thyroid Association, ETE, extra thyroidal extension, TT, total thyroidectomy, NED, no evidence of disease,
PTC, papillary thyroid carcinoma, FTC, follicular thyroid carcinoma, RAI, radioactive iodine



Risk 

category

2009 ATA 

Guidelines

2015 ATA  

Guidelines 

additional

2015 RAI 

recommendation

% NED 

after 

TT/RAI

High risk Gross ETE Pathologic N1 

with LN ≥ 3cm 

in size

Routinely 

recommended

14-31%

Incomplete 

tumor 

resection

FTC with 

extensive 

vascular 

invasion (> 4 

foci)
Distant 

metastases

Post operative 

TG suggestive 

of distant 

metastases

ATA, American Thyroid Association, ETE, extra thyroidal extension, TT, total thyroidectomy, NED, no evidence of disease,
PTC, papillary thyroid carcinoma, FTC, follicular thyroid carcinoma, RAI, radioactive iodine



7th

edition 

Age < 45 years 8th

edition 

Age < 55 years

I Any T Any N M0 I Any T Any N M0

II Any T Any N M1 II Any T Any N M1

7th

edition 

Age ≥ 45 years 8th

edition 

Age ≥ 55 years

I T1a/b N0 M0 I T1a/b

T2

N0/NX

N0/NX

M0

M0

II T2 N0 MO II T1a/b

T2

T3a/b

N1a/b

N1a/b

Any N

M0

M0

M0

III T1a/b

T2

T3

N1a

N1a

N0/N1a

M0

M0

M0

III T4a Any N M0

IVa T1a/b

T2

T3

T4a

N1b

N1b

N1b

N0/N1a/N1b

M0

M0

M0

M0

IVa T4b Any N M0

IVb T4b Any N M0 IVb Any T Any N M1

IVc Any T Any T M1 - - - -

Lamartina et al, F1000 Research, 2018



Distant Mets Gross ETE 

present?

Tumor size LN status Stage 

< 55 yrs old No Any Any Any I

Yes Any Any Any II

≥ 55 yrs old No No < 4 cm (T1-2) 

± Micro ETE

N0/Nx I

N1a/N1b II

> 4 cm (T3a) N0/Nx/N1a/N1

b

II

Only strap muscle (T3b) Any Any II

Subq/larynx/thrachea/e

osophagus/PLN (T4a)
Any Any III

Prevertebral fascia/ 

encasing major vessels 

(T4b)

Any Any IVA

Yes Yes Any Any IVB

Tuttle et al, Thyroid, 2017



7th edition 8th edition

Tumor
T1a : Tumor ≤ 1 cm limited to the thyroid T1a : Tumor ≤ 1 cm limited to the thyroid

T1b : Tumor > 1 cm but ≤ 2 cm limited to the

thyroid

T1b : Tumor > 1 cm but ≤ 2 cm limited to the

thyroid

T2 : Tumor > 2 cm but ≤ 4 cm limited to the thyroid T1b : Tumor > 2 cm but ≤ 4 cm limited to the

thyroid

T3 : Tumor > 4 cm but limited to the thyroid or 

minimal extrathyroidal extension (perithyroidal soft 

tissue or sternothyroid muscle) from a tumor of any 

size

T3a : Tumor > 4 cm limited to the thyroid

T3b :gross extrathyroidal extension invading strep 

muscles (sternohyoid, sternothyroid, thyrothyroid, 

omohyoid) from a tumor of any size

T4a : gross extrathyroidal extension invading 

subcutaneous soft tissue, larynx, trachea, 

esophagus or recurrent laryngeal nerve from a 

tumor of any size

T4a : gross extrathyroidal extension invading 

subcutaneous soft tissue, larynx, trachea, 

esophagus or recurrent laryngeal nerve from a 

tumor of any size

T4b : gross extrathyroidal extension invading 

prevertebral fascia or encasing the carotid artery or 

mediastinal vessels from a tumor of any size

T4b : gross extrathyroidal extension invading 

prevertebral fascia or encasing the carotid artery or 

mediastinal vessels from a tumor of any size

Lamartina et al, F1000 Research, 2018



Age at diagnosis cut off rise

- Previous 45 years , current 55 years old

Older patients 

- Minor extrathyroidal extension no longer 
mandate stage III

- Lymph node metastases no longer mandate 
stage III/IV

Many patients will be re-classified into lower 
prognostic stages

Tuttle et al, Thyroid, 2017



THYROGLOBULIN LEVELS FOR RADIOACTIVE 
IODINE DECISION-MAKING AND 
SURVEILLANCE 

Thyroglobulin Levels for Radioactive Iodine 

Decision-making and Surveillance 



Risk 

category

2009 ATA 

Guidelines

2015 ATA Guidelines

Excellent to 

intermediate 

response to 

therapy

Biochemical 

incomplete 

response to 

therapy

Structural 

incomplete 

response to 

therapy

Low risk 0.1-0.5 mU/L 0.5-2.0 mU/L 0.5-1.0 mU/L < 0.1 mU/L 

Intermediate 

risk

< 0.1 mU/L 0.5-2.0 mU/L 0.5-1.0 mU/L < 0.1 mU/L 

High risk < 0.1 mU/L 0.1-0.5 mU/L 0.5-1.0 mU/L < 0.1 mU/L 
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Risks of Radioactive Iodine



Toxicity Latency 30-50mCi 100 mCi > 100 mCi

Nausea Acute 4% 13%

Neck pain 7% 17%

Lacrimal 

dysfunction
8-20% 10-24%

Salivary 

dysfunction
6-13% 5-16%

Altered taste 0% 6%

Altered smell 0% 2%

Infertility (male) Subacute Transient decrease of 

FSH and reduce

sperm motility

Infertility (female) Late Lower birth rate in 

women 35-39 years

Sialoadenitis 2-67%

Nasolacrimal duct 

obstruction

3.4%

Second primary 

malignancy

Increased risk of solid 

tumors and leukemia

Marti et al, EJSO, 2017





Multivariable Competing Risk Regression Analysis 

of Risk of Developing Hematologic Malignancies in 
Patients with WDTC 

Covariable AML CML SHMs 

combined

HR (95% CI) 

P

HR (95% CI) 

P

HR (95% CI) 

P

RAI vs. no 

radiation

1.79 (1.13 to 

2.82) .012 

3.44 (1.87 to 

6.36) < .001 

1.43 (1.20 to 

1.69) .001 

Molenaar et al, Journal of Clinical Oncology 2017



Molenaar et al, Journal of Clinical Oncology 2017

(8.0 years v 31.0 years; P = .001). 



Molenaar et al, Journal of Clinical Oncology 2017

(median overall survival, 

1.2 years v 2.9 years; P = .06). 
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Conclusions 



WDTC treated with radioactive iodine increased risk of 

developing AML and CML.

AML after radioactive iodine treatment has poor prognosis.

Radioactive iodine therapy should be limited with high-risk 

features.

Adjuvant radioactive iodine should be monitored for myeloid 

malignancies.

Conclusions 



Covariables not captured in the SEER cohort.

Limitations 
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Limitations 



Covariables not captured in the SEER cohort.

No record of RAI doses administered.

Radiation data during the initial treatment only.

Retrospective study.   

Limitations 
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Take home massages 

▪ Current indications focused on limiting the indications and 

the reduce dosage for radioactive iodine. 

▪ Safe and well tolerated, but it has the adverse effect.

▪ Clinician judgment to decide. 

▪ Second primary malignancies (SPMs) be considered in 

children and young adults. 

▪ Monitor for myeloid malignancies part of cancer 

surveillance. 

▪ Adverse effects impact quality of life and lethal. 

▪ Use radioactive iodine judiciously and weighed against the 

benefits. 



Each one of us can make a 

difference. 

Together we make change

Barbara Mikulski



Thank you

Thank you


