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Radioactive iodine treatment
RAI therapy with 131I is a well-established treatment 

for patients with differentiated thyroid cancer

Durante et al. 2006, JCEM

Survival after the discovery of metastases 
according to 131I uptake in the metastases

Patients with 131I uptake who 
attained negative imaging studies

Patients with 131I uptake who did 
not attain negative imaging studies

Patients with no 131I uptake



Definitions of RAI refractoriness

ABSENCE OF RAI 
UPTAKE ON WBS

ABSENCE OF UPTAKE 
IN SOME BUT NOT 

ALL LESIONS

PROGRESSION 
DESPITE UPTAKE 

OF RAI

REACHING THE 
MAXIMUM 

ACTIVITY OF RAI

Haugen et al. 2015, Thyroid; Fugazzola et al. 2019 ETJ



Molecular drivers determine 
the degree of thyroid 

differentiation
• RAS-mutated PTC → relatively lower 

MAPK output → greater preservation 
of thyroid differentiation. 

• RTK fusion-driven PTC → intermediate 
phenotype. 

• BRAF V600E PTC → high MAPK output 
because of strong ERK activation and 
impaired negative feedback → greatest 
suppression of thyroid differentiation 
genes

Fagin and Wells, 2016 NEJM



Can we reverse RAI refractoriness?

Pharmacological inhibition of the MAPK pathway may 
reduce ERK activation and increase thyroid-specific gene 

expression

↑ thyroid-specific gene expression

▪ ↑ NIS expression/function

▪ ↑ Thyroid peroxidase expression

Chakravarty D et al 2011 JCI; Fagin and Wells, 2016 NEJM

↑ RAI uptake and organification

Potentially effective 131I therapy



Selumetinib pilot trial

Ho et al, 2013 NEJM

Biological redifferentation ≠ therapeutic efficacy ≠ clinical benefit



ASTRA is an international, phase III, randomized, 
placebo controlled, double-blind trial (NCT01843062).

233 randomly assigned (selumetinib, n=155 
[67%]; placebo, n=78 [33%])

Ho et al, 2022 JCO

The addition of selumetinib to adjuvant RAI failed to improve the CR rate for 
patients with DTC at high risk of primary treatment failure



Leboulleux et al, 2025 Lancet Diabetes Endocrinol



Leboulleux et al, 2025 Lancet Diabetes Endocrinol



Leboulleux et al, 2025 Lancet Diabetes Endocrinol

Redifferentiation in RAIR TC



MERAIODE - BRAF

Dabrafenib-trametinib is effective in BRAF p.V600E 
mutated DTC patients for restoring 131I uptake.

6 months after 131I administration 
- PR observed in 38% of patients
- SD observed in 52% of patients

Leboulleux et al, 2023 Clin Cancer Res



MERAIODE - RAS

Trametinib in RAS mutated DTC seems less effective 
for restoring/increasing 131I uptake, and the 

administration of high activity (150 mCi) of 131I is 
followed by a low response rate:
- PR observed in 20% of patients
- SD observed in 70% of patients

Leboulleux et al, 2023 Thyroid



Redifferentiation in RAIR TC with RET mutation

Groussin et al, 2021 Thyroid



Redifferentiation in RAIR TC with RET mutation

Talpacci et al, 2026 Front Oncol



Redifferentiation in RAIR TC with NTRK fusion

Groussin et al, 2020 NEJM; Groussin et al, 2022 Thyroid

diffuse reuptake of RAI is seen in pulmonary lesions 
but neither in the metastatic lymph nodes nor in the 

fourth lumbar vertebra lesion

RAI reuptake can be seen in all known
pulmonary metastases

only cervical lymph node shows RAI uptake, despite 
multiple 18FDG avid lesions are present on PET



MERAIODE

ASTRA



Predictive factors of tumor response

Patients with 6 months RECIST 
response/Total n. of patients

Exact-Odds ratio
CI: 95%

p-value

Baseline FDG uptake
SUVmax> 14.7 (median)
SUVmax≤ 14.7 (median)

4/10 (40%)
4/11 (36%)

1
0.86 [0.11-7.0]

0.86

1-month RECIST response
Yes
No

5/10 (50%)
3/11 (27%)

1
0.39 [0.32- 24.5]

0.38

MERAIODE BRAF

Leboulleux et al, 2023 Clin Cancer Res



Predictive factors of tumor response

7/20 (35%) patients demonstrated successful 
redifferentiation: 5/14 (36%) in the BRAF-WT, 

2/6 (33%) in the BRAF-MUT arm

Redifferentiation was 
successful in patients with 

- a mean SUV
peak

 <10
- unstimulated Tg > 
median (66 ng/mL)

Weber et al, 2022 Clin Cancer Res



Predictive factors of tumor response
MEK inhibitor monotherapy for RAS mutant disease, combination 

BRAF-MEK inhibitors for BRAF mutant disease, RET inhibitor for RET 
fusion, and ALK inhibitor for ALK mutant disease (n.=33)

Redifferentiation was successful in patients with
- higher unstimulated Tg levels

- FTC histotype (worse in PTC and PDTC)
- RAS mutation (worse in BRAF)

Rediff. Non rediff. p

CR 0 (0) 1 (8.3) 0.23

PR 2 (11.8%) 0 (0) 0.22

SD 6 (35.2) 6 (50) 0.43

PD 2 (11.8) 3 (25) 0.35

Non-CR/non-PD 7 (41.2) 2 (16.7) 0.16

Toro-Tobon et al, 2024 Thyroid



Mutation in the SWI/SNF pathway: predictive for inefficacy?

SWI/SNF loss-of-function alterations, particularly in ARID1A, ARID2, or SMARCB1, 
may lock thyroid cancer cells in a dedifferentiated state and confer resistance to 

MAPK inhibitor-induced restoration of RAI uptake.

Saqcena et al, 2021 Cancer Discov

SWI/SNF complexes are ATP-dependent 
chromatin-remodeling complexes

SWI/SNF activity helps maintain the 
thyroid differentiation program by 

allowing transcription factors such as 
PAX8, NKX2-1, and FOXE1 to access their 
target genes, including genes involved in 

iodine handling such as SLC5A5/NIS



Which is the patient profile eligible for a redifferentiation strategy?

✔ Low-moderate FDG uptake

✔ Higher serum thyroglobulin levels

✔ Preserved follicular phenotype/FTC 

✔ RAS mutation (?) 

✔ No clear SWI/SNF-loss resistance signal

• Which patients are most likely to derive 
a clinically meaningful benefit?

Trial
Population / molecular 

profile
Redifferentiation 

strategy

NCT06440850
High-risk DTC, BRAF V600E, 

before initial RAI
Vemurafenib + 

cobimetinib

NCT06007924

Progressive RAI-refractory 
DTC with 

RAF-dimer–driven 
alterations; separate ATC 

cohort

Avutometinib + 
defactinib

NCT05783323 – 
LANTERN

Metastatic DTC with NTRK 
fusion, including 

pediatric/AYA patients
Larotrectinib

NCT06458036 – 
RAISE

Newly diagnosed 
metastatic DTC with RET 

fusion, age 2–25 yr
Selpercatinib 

NCT05668962
Restoration of RAI uptake in 

RAI-R TC with
RET fusion

Selpercatinib

NCT05733013
Prospective MSK real-world observational 

registry of patients receiving redifferentiating 
agents in routine practice

Open questions
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• Which patients are most likely to derive a 
clinically meaningful benefit?

• Can redifferentiation be successfully repeated?

• What disease burden/lesion size remains 
amenable to effective RAI therapy?

• What is the optimal duration of redifferentiation 
treatment before 131I?

• What is the optimal treatment schedule?

• How much restored RAI uptake is enough?

Open questions
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