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First radioiodine therapy of thyroid disease: Mar 31, 1941
First reported: May 11, 1946



Radioiodine Therapy of 
Differentiated Thyroid Cancer

Seidlin SM, Marinelli LD, Oshry E. RADIOIODINE THERAPY: 
Effect on Functioning Metastases of  Adenocarcinoma of the 
Thyroid. J Am Med Assoc.  1946 (Dec 7);132(14):838-847.
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Whole body I-123 scan demonstrates 
distribution of the sodium-iodide symporter

• Choroid plexus 
• Lacrimal glands
• Salivary glands
• THYROID (only site of organification)
• Breast (uptake increased with lactation)
• Thymus
• Gastric mucosa 2 Na+

3 Na+

2 K+

2 I-

ATP



August 1, 1946



Radioactive Iodine (I-131) in the post-
operative treatment of thyroid cancer

• By 1960, eight reported series of I-131 therapy

• Only a small fraction of patients received I-131

• Not all had thyroidectomy

• Variable “staging”

• “Random and inconsistent use of adjuvant therapy” -
Blahd

• Limited follow-up

– Most 3 years or less

– 1/3 of patients with distant metastases had died



• Blahd, et al. Cancer. 1960;13:745-756

• 63 patients (1949-1959)

• 31 received post-op I-131 therapy, 26 with follow-up
– Preparation with hormone withdrawal (3-4 wk) and TSH

– Pre-therapy thyroid scan after 2-5 mCi I-131 

– Therapy with 100 mCi per administration

– Repeat therapy until negative scan, up to 4 times

– Post-therapy scan

– Thyroid hormone replacement “to tolerance”

Radioactive Iodine (I-131) in the post-
operative treatment of thyroid cancer



Radioactive Iodine (I-131) in the post-operative 
treatment of thyroid cancer (Blahd, et al.)

• Follow-up for up to 9 years (average 3-5 years)

• 10 of 15 patients with metastases - positive pre-therapy scans

• 10 of 15 patients with metastases still living

• 11 of 11 patients without metastases still living

Pre-surgery Post-surgery



Thyroid Cancer Outcome:
Recurrence and Mortality without I-131
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Thyroid Cancer Recurrence and Death: 
Post-thyroidectomy medical therapy

30-year follow-up of patients without distant metastases

Post-op treatment Recurrence Death

External Beam Radiation 63% 32%

No medical therapy 40% 12%

Thyroid hormone suppression 30% 6%

I-131 14% 3%

Mazzaferri, et al.  Medicine (Balt) 1977, Am J Med 1981,  and Am J Med 1994



Thyroid Cancer Recurrence and Death: 
Post-thyroidectomy medical therapy

30-year follow-up of patients without distant metastases

Post-op treatment Recurrence Death

External Beam Radiation 63% 32%

No medical therapy (*) 40% 12%

Thyroid hormone suppression 30% 6%

I-131 14% 3%

(*)less likely to have extra-thyroidal disease or follicular cancer

Mazzaferri, et al.  Medicine (Balt) 1977, Am J Med 1981,  and Am J Med 1994



Thyroid Cancer Recurrence and Death:
Effect of Radioactive Iodine (I-131)

Extra-thyroidal extension or cervical lymph nodes

Years after initial therapy Years after initial therapy

Recurrence: Death:

No I-131

I-131          

No I-131

I-131          

Mazzaferri, et al.  Medicine (Balt) 1977, Am J Med 1981,  and Am J Med 1994



PROBABILITY OF DISEASE-FREE SURVIVAL, +/- 131-I ABLATION

DeGroot, et al. J Clin Endocrinol Metab. 1990.

I-131

No I-131



I-131 Treatment of Papillary Thyroid Cancer
DeGroot, et al. J Clin Endocrinol Metab. 1990.

• 269 patients, single site, retrospective registry review
– Mean follow-up 12 years

• I-131 Ablation (28-75 mCi) after surgery
– Decreased risk of major recurrence of tumors >1 cm

– Decreased risk of death for tumors >1 cm
• Intrathyroidal or lymph node metastases

– No apparent benefit for tumor < 1cm or if age < 45 y

• Extensive bilateral surgery
– Decreased risk of death for tumors >1 cm

– Decreased risk of recurrence for all tumors



Retrospective Studies of Thyroid Cancer: 
Limitations and Problems

• Mixed clinical disease
– Histology: papillary, follicular
– Tumor size and extent of metastases

• Varying clinical practice
– I-131 practice: frequency, administered activity, timing
– Extent of surgery
– “Random and inconsistent use of adjuvant forms of therapy” -Blahd
– Other imaging (scintigraphy, ultrasonography)

• Selection bias in choosing patients for I-131
– Extent of disease
– Extent of surgery

• Need for long-term (decades) follow-up



I-131 Therapy for papillary thyroid cancer: 
Another point of view – Mayo Clinic experience

• 1926-1955: 509 patients, follow-up 6-32 years
– Thyroid cancer deaths 6.1% 

• No thyroid cancer deaths if primary <1.5 cm

– Tumor grade predicted risk of death

• 1946-1970: 859 patients, follow-up 16-39 years
– 3% received I-131 therapy 

– Thyroid cancer deaths 6.5% (age expected deaths 3%)
• 4 cancer deaths with primary <1.5 cm

– Proposed prognostic index 
• based on histology, disease extent, age

McConahey, et al. Mayo Clin Proc. 1986 



Characteristic Decreased risk of recurrence Increased risk of recurrence

Gender Female Male

Age < age 40 y > Age 40 y

Extent of Disease Intrathyroidal Soft tissue

Pathology Papillary Follicular, Hürthle cell

Surgery Total thyroidectomy Less than lobectomy

Radioiodine I-131 No I-131

Retrospective evaluation of 1599 patients treated 1948-1989

Follow-up: median 11 years, maximum 43 years
Highest death rate in the first 5 years of follow-up

Effect of therapy on outcome of differentiated thyroid cancer

Samaan NA, et al. J Clin Endocrinol Metab. 1992.



Characteristic Decreased risk of recurrence Increased risk of recurrence

Gender Female Male

Age < age 40 y > age 40 y

Extent of Disease Intrathyroidal Soft tissue

Pathology Papillary Follicular, Hürthle cell

Surgery Total thyroidectomy Less than lobectomy

Radioiodine I-131 No I-131

Retrospective evaluation of 1599 patients treated 1948-1989

Characteristic Decreased risk of death Increased risk of death

Gender Female Male

Age < age 40 y > Age 40 y

Extent of Disease Intrathyroidal, lymph nodes Soft tissue, distant metastases

Pathology Papillary Follicular, Hürthle cell

Surgery Total thyroidectomy Less than lobectomy

Radioiodine I-131 No I-131



Differentiated Thyroid Cancer: Treatment

• Primary therapy of thyroid cancer is surgery

• Ineffective Therapies:
– adjuvant chemotherapy 

– external XRT

• Effective Post-Thyroidectomy Therapies:
– Surgical re-exploration of neck
– TSH suppression (with levothyroxine)
– Radioiodine (I-131) therapy

• What is the appropriate management??
– Evolving, without consensus



131I Therapy for Differentiated Thyroid Cancer

–Benefits of 131I therapy:
• Increases recurrence-free survival
• May increase overall survival

– 131I is used for three indications:
1. Thyroid remnant ablation

2. Post-surgical adjuvant treatment

3. Treatment of known metastatic disease



Thyroid Cancer: 131I Remnant Ablation

• Almost always a small amount of remnant thyroid tissue 
after surgery

• Goal of ablation is to facilitate post-therapy management
• Three aims of remnant ablation:

– Permit post-therapy scanning
– Use thyroglobulin as a marker of recurrence
– Treat microscopic disease?

• Changing Paradigm
– Administered activity was up to 100 mCi, now 30 mCi
– Ablation no longer recommended for low risk patients

• Low risk <4cm, no microinvasion, no lymph node involvement



Pre-Therapy Whole Body Scan
• 123I is preferred to 131I

– image quality, no stunning

• Characterize remaining thyroid 
tissue:

– Large thyroid remnant

– Locoregional mets

– Distant mets

– Altered biodistribution

• May change treatment plan: 
surgery or change I-131 dose



Van Nostrand & Wartofsky. Endocrinol Metab Clin N Am. 2007.

Bierwaltes Brown Menzel HindieSchlumberger Petrich

Treatment of Thyroid Cancer: Empiric Approaches for 
Selection of I-131 Administered Activity 



• Administered I-131 dose is a clinical decision
– Adjuvant therapy OR treat known metastases

• Depends on:
– Intent (Adjuvant vs Treatment)

– Histology

– Extent of disease (stage)

– Location of mets (nodes or lung or bone)

– Prior therapy

• 100 - 200+ mCi per treatment

• Empiric vs. formal dosimetry

131I Therapy for Differentiated Thyroid Cancer



• Thyroid hormone withdrawal vs. Recombinant TSH
– Withdrawal leads to symptomatic hypothyroidism
– Local practices, hesitation to use rTSH in children

• Low iodine diet
– ~2 weeks, shorter may be okay in children
– Dairy, eggs, bread, chocolate, seafood, red dye #3
– Low-salt diet (may be iodine enriched)

• Anti-emetics
– high administered activity, children

• Salivary secretagogues (sour candy, gum ,lemon juice)
• Fluid intake to increase urinary excretion
• Radiation safety

131I Therapy for Differentiated Thyroid Cancer



Thyroid cancer therapy: Dosimetry

• Critical organs for radiation dose:

– Bone marrow

– Sites of metastatic disease

• Aim is to avoid:

– marrow suppression

– pulmonary fibrosis

• Dosimetry may be most valuable 
in patients with lung metastases

• Medical Physics consultation



First treatment Second treatment

14 year-old girl with 
metastatic papillary 
thyroid cancer

Post-therapy scans



First treatment Second treatment

FDG-PET



Thyroid Cancer: 131I Dosimetry

• Critical organs for radiation dose:
– Bone marrow

– Sites of metastatic disease

• Aim is to avoid:
– marrow suppression

– pulmonary fibrosis

• May be most valuable in patients 
with lung metastases

• What is the appropriate role?



Radioiodine Therapy of Differentiated 
Thyroid Cancer: Unresolved Issues

• Surgical approach
– Guides imaging and therapy

• Risk Stratification
– Clinical staging – low risk vs. medium risk?
– Pre-therapy imaging
– Implementing molecular characterization

• Defining risk-based use of I-131
– Role of dosimetry
– Use of advanced imaging
– Adjunctive therapies

• Iodine refractory disease



Radioiodine I-131 Therapy
ATA RECOMMENDATION 51 (Table 14)

ATA Recurrence
Risk Description Post-surgical RAI?

Low T < 1 cm (uni/multi-focal) No

T 1-4 cm Not routine

Low to Intermediate T > 4 cm or micro invasion Consider

Central compartment LN mets Consider

Lateral compartment LN mets Consider

High Gross extra-thyroidal extension Yes

Distant mets Yes



Martinique Principles on the use of I-131 therapy

1. Advancing thyroid cancer 
management requires a commitment 
to interdisciplinary cooperation

2. Standardized definitions:
- remnant ablation 
- adjuvant treatment
- treatment of known disease

3. Post-operative assessment is  
needed to optimize patient selection 
for I-131 therapy

4. Post-operative evaluation should be 
standardized and integrated into 
routine patient care

5. Patient selection for adjuvant 
treatment requires consideration of 
multiple factors

6. In the absence of data, adjuvant 
administered activity should be based 
on multidisciplinary recommendations

7. I-131 refractory characteristics 
should be used to risk stratify and not 
to definitively guide use of I-131

8. I-131 refractory criteria will evolve

9. Major gaps in knowledge should be 
addressed with properly designed 
prospective studies
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Radioiodine Therapy of Differentiated Thyroid 
Cancer: Challenges and Next Steps

• Surgical approach
• Risk Stratification

– Clinical staging – low risk vs. medium risk?
– Pre-therapy imaging
– Implementing molecular characterization

• Defining risk-based use of I-131
– Role of dosimetry
– Use of advanced imaging
– Adjunctive therapies

• Iodine refractory disease
• Will require multidisciplinary collaboration

– Clinical care, clinical investigation, clinical practice guidelines




