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DISCLOSURES

Consultant:

➢ Curium Radiopharmaceuticals

➢ Adaptive Research

Nothing relevant to this presentation
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LEARNING OBJECTIVES

➢ Discuss principles of radio-iodine ablation in thyroid cancer. 

➢ Discuss 2015 ATA guidelines for management of thyroid cancer and 

the subsequent controversies and change in treatment paradigms.



MANAGEMENT OF 

THYROID CANCER IN USA
Thyroid cancer – Diagnosis (Surgeon/Endocrinologist, U/S and pathologist)

Total or near total thyroidectomy (Surgeon)

Post op whole body scan (Nuclear Medicine)

Na I-131 treatment (Nuclear Medicine)

7-10 days post therapy scan(Nuclear Medicine)

Na I-131 Whole body scan for follow up

FDG PET/CT (Nuclear Medicine)

Thyroxine  suppressive therapy (Endocrinologist)

Thyroglobulin (Endocrinologist/Surgeon)

Ultrasound (Endocrinologist/Surgeon)

TKI and other MKI (Med Onc)
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IODINE TRAPPING & 

ORGANIFICATION
➢ Iodine is an integral 

component of thyroid 

hormones produced in the 

thyroid gland by the thyroid 

cells

➢ Iodide trapping:  NaI

symporter (NIS) plays the 

major role, & the instruction 

comes from SLC5A5  - gene 

➢ Organification is a multi step 

process: Pendrin gene 

(SLC26A4) facilitates 

organification by mediating 

the efflux of iodide across the 

apical membrane of the 

thyrocyte SLC5A5 : gene for NIS

SLC26A4 gene for Pendrin
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IODINE

➢ Chemical element, Symbol: I, Atomic Number 53 

➢ Halogen: 4th in the group 17 periodic table (after fluorine, chlorine, & 

bromine; and followed by astatine & tennessine)

➢ About 35-40 iodine isotopes found in nature or produced

➢ I-127 is the only stable one

➢ 1-123, I-124, I-125, I-131 have use in Nuclear Medicine



I-131 RAI FOR LUNG METASTASES
54 yr old Rt.lobectomy in California 1987. In 2009 CT showed lung nodules – biopsy showed papillary cancer.

Completion thyroidectomy and LN dissection; Tg normal, anti-Tg Ab high

I-123 WB Scan 2009 7day post therapy scanI-123 WB scan 2011



After 11 years, the patient 

is still doing well

CT 2009: Lung nodules + CT 2011: Lung nodules –ve
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NEED FOR RAI ABLATION

Post total / near-total Thyroidectomy:

➢ Ablation of functional residual thyroid tissue (without an explicit 

commitment to specific benign or malignant target)

➢ Ablation of gross or microscopic residual disease

➢ Ablation of neck nodal disease (gross or microscopic)

➢ Ablation of distant metastatic disease

Remnant Thyroid Ablation:

➢ Eliminate Tg & facilitate follow-up

➢ Potential reduction of recurrence risk



Amol M. Takalkar, M.D.

CHANGES OVER TIME

➢ Management of thyroid cancer has undergone a lot of changes over the last decade or so. 

Several decades back

Many cases were 

advanced stage at 

presentationLast decade or so

Many cases were detected as thyroid incidentalomas!

➢ 2015 ATA management guidelines for thyroid nodules and thyroid cancer 

recommend a patient-centered approach to evaluating the risk of thyroid 

cancer recurrence and overall prognosis for each individual patient. 

➢ Recommend less total thyroidectomies but more lobectomies or lobectomies 

with isthmusectomies (keeping the other non-cancerous lobe intact) and less 

use of radioactive iodine therapy post surgery.
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2015 ATA Guidelines
Modifications to incorporate: 

➢ Extent of lymph node involvement 

➢ Mutational status

➢ Specific FTC histologies
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Clinical decision-

making and management

recommendations in ATA

low-risk DTC patients that

have undergone total 

thyroidectomy. 

R, recommendation in text
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Clinical decision-

making and 

management

recommendations in 

ATA low risk DTC 

patients that have

undergone less than 

total thyroidectomy 

(lobectomy or

lobectomy with 

isthmusectomy). 

R, recommendation in 

text.
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Clinical decision-making and management 

recommendations in ATA intermediate risk 

DTC patients that have undergone total

thyroidectomy. 

R, recommendation in text.
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Clinical decision-making 

and management 

recommendations in ATA

high risk DTC patients that

have undergone total 

thyroidectomy and have no

gross residual disease 

remaining in the neck. 

R, recommendation in text.
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2015 ATA guidelines influenced practice patterns in management of low-risk papillary thyroid 

cancers to some extent: 

➢ Less use of radioactive iodine as they intended 

➢ But not so much adoption of lobectomy and active surveillance

After 2015:

➢ Use of radioactive iodine: significantly declined 

➢ Adoption of lobectomy: only incremental 

➢ Uptake of active surveillance & non-surgical management: almost nonexistent

So surgeons did not change their surgery practice patterns much but did change use of RAI!

Pasqual E, et al. Trends in the Management of Localized Papillary Thyroid Carcinoma in the United States (2000–

2018). Thyroid. 2022;doi:10.1089/thy.2021.0557.

POST 2015 ATA GUIDELINES 



AMERICAN THYROID 

ASSOCIATION GUIDELINES 2015

➢ 2015 : Guideline has 1070 references!

❖ A to D : about >75 recommendations!! Many with weak evidence!!!

❖ Lots of controversies: 

▪ RAI not recommended for low risk disease 

▪ Low dose RAI (30 mCi) recommended for intermediate risk disease 

▪ Low iodine diet for ~ 1–2 weeks should be considered for patients undergoing 

RAI remnant ablation or treatment: was qualified as “Weak recommendation, 

Low-quality evidence”

➢ SNMMI & EANM both declined to endorse these guidelines 

❖ A Matter of Controversy: Is Radioiodine Therapy Favorable in Differentiated 

Thyroid Carcinoma? Schmidt et al, J Nucl Med 2018; 59:1195–1201

CONTROVERSIAL
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DIFFERENTIATED THYROID 

CANCER (DTC)

Vast majority ( > 80%) are indolent in behavior

Difficult to assess survival benefit

Very few long term randomized prospective studies 

Short term follow ups may not show any difference

Leads to “Clinical Equipoise”: 

failure to prove any proposed difference in RAIT approaches for DTC 

because of paucity in randomized clinical trials
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Mazzaferri et al. Long-term impact of initial surgical and medical therapy on papillary and follicular 

thyroid cancer. Am J Med 1994; 97(5): 418-28.

Ablation of remnant thyroid tissue: if the scans disclosed no uptake of radioiodine outside the 

thyroid bed and the treating physicians, operative notes, and pathology reports made no mention 

of residual tumor. 

Intended for the eradication of benign remnant thyroid. 

30 years of follow-up

Showed statistically significant benefits of Remnant thyroid ablation: for recurrence prevention, 

cumulative incidence of recurrence: 38% without RAI vs 16% with RAI (p<0.001) 

Improved cancer mortality from 9% without RAI vs 3% with RAI (p = 0.03). 

2015 ATA guidelines fail to acknowledge this positive effect of RAI for remnant ablation on the 

disease-specific survival rate and recurrence rate.

One limitation: Patients who were treated between 1950 and 1993 had no Tg measurements (not 

yet routinely available) to assure that complete biochemical response had occurred.

REMNANT THYROID ABLATION



Remnant ablation with Low dose NaI-131

Look at  the follow up period : Too short for an indolent disease!!!



MARTINIQUE  PRINCIPLES

➢ Best thyroid cancer management requires cooperation between endocrinologists, surgeons & 

nuclear medicine physicians 

➢ Goal of RAI therapy should be specifically defined as (a) destroying remaining normal 

thyroid tissue, (b) treatment of suspected microscopic cancer remaining after surgery or (c) 

treatment of known visible cancer 

➢ Proper patient selection for radioactive iodine therapy requires assessment of postoperative 

cancer status and not simply preoperative staging 

➢ Evaluation of postoperative cancer status should be standardized in terms of blood tests and 

imaging tests 

➢ Proper patient selection for radioactive iodine therapy also requires evaluation of multiple 

factors, including patient preference, potential side effects, and availability and quality of 

medical resources 

➢ The best administered radioactive iodine therapy cannot be determined from the available 

literature, favoring more individualized dosing decisions

➢ Identification of cancers that are unlikely to respond to radioactive iodine therapy should not 

to exclude them from consideration of radioactive iodine therapy 
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Tuttle et al. Controversies, Consensus, and Collaboration in the Use of 131I Therapy in Differentiated 

Thyroid Cancer: A Joint statement from ATA, EANM, SNMMI, ETA) Thyroid 2019; 29(4): 461-70. 

PMID: 30900516 http://dx.doi.org/10.1089/thy.2018.0597

MARTINIQUE  PRINCIPLES (CONT’D)

➢ Criteria used to identify cancers that are unlikely to respond to radioactive iodine therapy will 

continue to evolve, especially with progress in evidence-based studies and better imaging 

➢ Prospective studies are needed to address knowledge and evidence gaps with regard to 

radioactive iodine therapy 

Implications:

Defining the best use of radioactive iodine therapy in thyroid cancer 

❖ remains controversial 

❖ is subject to interpretation of evidence 

❖ is influenced by many patient and health care delivery variables 

Collaboration between endocrinologists, surgeons & NM physicians will help refine the use of 

RAI therapy in the patient-centered care of thyroid cancer. 
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THE EMORY WAY
➢ Formal Nuclear Medicine Consult: ~2 weeks before treatment

◆ In-person vs Telemedicine (due to Covid)

◆ With the patient and family 

◆ Assess home situation & support

◆ Explain radiation hazards & necessary precautions

◆ Cognition & compliance for precautions 

◆ Explain rationale for treatment, expected benefits, side-effects, alternatives, etc

◆ Get consent signed

◆ Determine dose (assess risk based on histopathology, mutation, staging, patient age, prior Rx, etc)

➢ Schedule of events for RAI Rx:

◆ Low Iodine Diet for 7-14 days prior to pre-Rx scan 

◆ Thyrogen stimulation (95%) vs Thyroid hormone withdrawal (with TSH assessments) 

◆ Labs (TSH for THW; stimulated Tg, Day 3 & 5 in relation to Thyrogen)

◆ I-123 Whole body scan (I-131 scan if dosimetry needed) 

◆ Na I-131 therapy (95% out patient)

◆ Continue low iodine diet  for 3 days, one day after start sucking candies for a week 

◆ 7 day post therapy scan

➢ Follow-up:

◆ Telephone follow-up: 6 weeks, 6 months

◆ Endocrine follow-up with labs & US as needed
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PATIENT QUESTIONNAIRE
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OUT-PATIENT VS IN-PATIENT
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DOSING GUIDELINES

In general: 

Remnant Thyroid Ablation: 75 - 100 mCi*

Positive lymph nodes: 125 - 150 mCi*

Metastases to lungs, bones: 175 - 200 mCi

Recurrent disease: consider >200 mCi with dosimetry

*: Consider risk stratification based on histopathology

➢ More aggressive histologic sub-types: poorly differentiated, tall cell, Hurthle cell, 

hobnail, insular, columnar and diffuse sclerosing variants

➢ Vascular Invasion

➢ Extrathyroidal extension

➢ No. & size of nodal involvement

➢ Mutational status (BRAF via ThyroSeq… done on FNA at Emory)

Consider steroids for uptake >5% on pre-Rx I-123 scan

If uptake on diagnostic scan is >10%, consider 30 mCi ablation first and reschedule full 

therapy 3-6 months later or consider surgical consult for reoperation. 
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SPECIAL SITUATIONS
➢ Poor renal function: decrease the dose by 50%

➢ ESRD: One dose of Thyrogen is enough

➢ Dialysis: dialysis just before Rx & skip 1 dialysis; decrease dose by 50%

➢ Patients who cannot swallow tabs: consider liquid form (DO NOT break open 

capsule)

➢ Patients who cannot swallow: consider gastric tube with liquid form; ensure 

tube is past stomach into duodenum

➢ Patients prone for upset stomach: consider antiemetic (Ondansetron 4mg PO 

TID PRN nausea; unless contraindicated for prolonged QT, apomorphine)

➢ Pregnancy: Female patients < 50 yrs old must have negative serum pregnancy 

within 72 hrs of Rx (unless hysterectomy/tubal ligation); don’t get pregnant 

for at least 6 months, preferably for 1 year. 

➢ Breast feeding/Lactation: Lactating breast can get a high dose  of radiation 

from NaI-131. So, stop lactation for at least 4 weeks prior or use lactation 

suppressants. Stop breast feeding for good after the treatment for that baby. 

Futures babies can be safely breast fed



DOSIMETRY 

➢ We want to give maximum radioactive iodine dose, but want to spare the 

bone marrow (not to give more than 3 Gy to bone marrow, esp in presence 

of bone mets) and lungs (not to give more than 30Gy to lungs, esp in 

presence of lung mets).

➢ AT EUH, we have used a criteria of <70 cGy to whole body

➢ I-131 Scan with THW, serial scans up to 48 or 72 hrs (at least 2 data points, 

preferably 3)

➢ THW preferred over Thyrogen as Thyrogen has short-half life and is 

pulsatile (after 48 hrs, TSH levels come down)

➢ I-123 not good as short half-life (13.2 hrs)

➢ I-124 PET can be used if available (half-life: ~4 days)



SIDE EFFECTS

➢ Siladenitis and dry mouth <5%, rarely severe (only one case needed dental 

extraction – but had Sjogreens disease to start with)

➢ Epiphora: <2%

➢ Vision issues: rare (1 patient)

➢ Chances higher with higher dose (>150 mCi)

➢ Second malignancy- very, very rare (mostly stochastic)



IODINE-RESISTANT OR NON-AVID 

METASTASES

➢ How often we see them? 

◆ depends on your practice – referral center like Emory we see ~10% of 

all our cases

➢ Is it multiple or single: Often multiple, rarely single

◆ Single - External beam , RF ablation

◆ Multiple TKI, MKI etc

➢ Location:

◆ Spine , brain – need to act fast – External beam therapy or surgery

➢ What is the life expectancy of the patient

◆ Too old or too young – don’t rush to TKI 
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WHAT NEXT AFTER I-131

Alpha therapy: 
➢ α-particles with higher LET and shorter penetration range in comparison to β-particles, have 

distinct advantages for use in targeted therapy

➢ Ac-225 is promising in Lu-177 resistant/relapsed setting (NETs, PCa)

6 Halogens: fluorine, chlorine, bromine, iodine, astatine, & tennessine (2010)

Astatine: 3 isotopes, all are alpha emitters with 6-8 hours half-life. At-211

Astatide ion accumulates in thyroid & stomach, with uptake in macrophage-

bearing organs (spleen, lung) higher than that of iodide. 
211At astatide ion may be suitable for the treatment cancers with upregulated 

sodium iodide symporter (NIS). 

Animal experiments: biodistribution of 211At in mice bearing anaplastic or 

follicular undifferentiated thyroid carcinomas showed tumor accumulation of 

11-28% of injected dose

Alpha emitting iodine surrogate???
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