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INTRODUCTION
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Mutation Spectrum in Thyroid Cancer

Thyroid cancers are rich in druggable targets

TCGA. Cell 2014;159:676-690. SEER, SEER cancer statistics review (CSR) 1975-2014. Raue F, et al. Clin Cancer Res. 2016;22(20):5012-5021.

Thyroid Cancer by Pathology Sporadic Medullary*Papillary

*Familial MTC: 100% germline RET mutation.
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BRAF



• N=36
• ORR (investigator): 56% (95% CI, 38.1-72.1)
• 12-mo DoR: 50%
• Median OS: 14.5 mo
• 12-mo PFS: 43.2%
• 12-mo OS: 51.7%
• 24-mo OS: 31.5%
• FDA-approval: May 2018

Subbiah V, et al. Ann Oncol 2022 Apr;33(4):406-415



de la Fouchardière C, et al. Ann Oncol 2022;33 (suppl_7): S750-S757. 10.1016/annonc/annonc1077



Shah MH, et al. J Clin Oncol 2017;35(suppl; abstr 6022). DOI: 10.1200/JCO.2017.35.15_suppl.6022

94% with BRAF V600E mutations
75% first line



Leboulleux S, et al. Ann Oncol 2021;32(suppl_5): S1205-S1210. 10.1016/annonc/annonc715Rothenberg SM, et al. Clin Cancer Res 2015 Mar 1;21(5):1028-35
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Two Major Mechanisms of RET Proto-Oncogene Activation in Thyroid 
Cancer: RET Mutations and RET Fusions
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Ligand-dependent activation 
localized to lipid rafts →

MAPK/PI3K/JAK-STAT/PKA/PKC 
signaling pathways Ligand-independent signaling and oncogenesis

Subbiah V, et al. Cancer Discov 2020;10:498. Wells SA, et al. Thyroid 2015;25:567-610.



RET mutations

Subbiah V, et al. J Clin Oncol 2020 Apr 10;38(11):1209-1221



RET fusions

Subbiah V, et al. J Clin Oncol 2020 Apr 10;38(11):1209-1221



RET Mutations in Medullary Thyroid Carcinoma

● RET gain-of-function mutation is 
main oncogenic driver in MTC

○ >100 reported
● Sporadic or nonfamilial MTC 

(70%-80%)
○ ~50% with somatic RET mutations

■ RET M918T most common
● Hereditary MTC (20%-30%)  

○ >90% with germline RET mutation
■ MEN2B: RET M918T most 

common
■ MEN2A: RET C634X most 

common

Santoro M, et al. Cold Spring Harb Perspect Biol 2013;5:a009233. Wells SA, et al. Thyroid 2015;25:567-610.



RET Fusions in Papillary Thyroid Carcinoma

● RET fusions found in <10% of PTCs
○ More frequent in pediatric and  

AYA patients: ~30%
○ 58% in pediatric 

Chernobyl-induced cancers
● 90% accounted for by CCDC6-RET 

(RET/PTC1), NCOA4-RET 
(RET/PTC3)

○ >20 5’ fusion partners described
● Also, can be present in PDTC, ATC

P

P

CCDC6 exon 1 RET exon 12

Common RET Translocation in PTC: 
CCDC6-RET (RET/PTC1)

Chimeric, cytosolic protein 
with constitutively active 

RET kinase domain

Cytoplasm

TCGA. Cell 2014;159:676-690. Thein KZ, et al. Trends Cancer 2021 Dec;7(12):1074-1088. Santoro M, et al. Genes (Basel) 2020;11:424.
Mejia Saldarriaga M, et al. Front Oncol 2019;9:1303. Ricarte-Filho JC, et al. J Clin Invest 2013;123:4935.



RET mutations in hereditary MTC

RET mutations in sporadic MTC

Romei C, et al. Nat Rev Endocrinol 2016 Apr;12(4):192-202



Wirth LJ, et al. N Engl J Med 2020;383:825-835



Wirth LJ, et al. N Engl J Med 2020;383:825-835



Wirth LJ, et al. N Engl J Med 2020;383:825-835

RET-mutant MTC
Previously treated

RET-mutant MTC
Not Previously treated

RET fusion-positive
Previously treated

N 55 88 19

Independent Investigator Independent Investigator Independent Investigator

ORR (%) 69 62 73 71 79 58

1y-PFS (%) 82 68 92 95 64 61



Wirth LJ, et al. N Engl J Med 2020;383:825-835

Selpercatinib in RET-driven thyroid cancer – ORR

62% 71%

58%



Subbiah V, et al. Lancet Diabetes Endocrinol 2021 Aug;9(8):491-501



Subbiah V, et al. Lancet Diabetes Endocrinol 2021 Aug;9(8):491-501

RET-mutant MTC
Previously treated

RET-mutant MTC
Not Previously 

treated

RET 
fusion-positive

N 55 21 9

ORR (%) 60 71 89

1y-PFS (%) 73 78 80



Subbiah V, et al. Lancet Diabetes Endocrinol 2021 Aug;9(8):491-501

RET-mutant MTC previously 
treated with vandetanib, 
cabozantinib, or both 🡪 60%

RET-mutant MTC not 
previously treated 🡪 71%

RET fusion-positive thyroid 
cancer 🡪 89%

Pralsetinib – ARROW trial



Wirth LJ, et al. Future Oncol 2022 Sep;18(28):3143-3150



Phase III trials for selective RET inhibitors

Selpercatinib

LIBRETTO-531 (NCT04211337)

N = 400

Feb 2021

Selpercatinib 160 mg/12h
vs.

Cabozantinib/Vandetanib

1ry endpoint: PFS (BICR)
TTFS, ORR, DoR, OS

1st line
PD confirmed (14 m) by RECIST

Pralsetinib

AcceleRET-MTC (NCT04760288)

N = 198

Apr 2021

Pralsetinib 400 mg/24h
vs.

Cabozantinib/Vandetanib

1ry endpoint: PFS
TTF, ORR, OS

1st line
PD confirmed (14m) by RECIST + 

Calcitonin/CEA doubling time <24m

Wirth LJ, et al. Future Oncol 2022 Sep;18(28):3143-3150



Subbiah V, et al. J Clin Oncol 2020 Apr 10;38(11):1209-1221

RET – Mechanisms of resistance

New RET inhibitors: BOS172738, TPX-0046, TAS0953/HM06



Wells SA, et al. J Clin Oncol 2012;30:134-141



NTRK



NTRK Fusions Are Rare Events: 0.27% Across >11,000 Patients 
With Tumors of All Types

Brain cancers (glioma, GBM, astrocytoma)

Thyroid cancer
Salivary cancer (MASC)

Lung cancer
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Cholangiocarcinoma

GIST
Colon

Melanoma

Sarcoma (multiple subtypes)

Gliomas

Infantile fibrosarcoma
Thyroid cancer

Congenital mesoblastic nephroma

Spitz nevi

Sarcoma (multiple subtypes)

Thyroid cancer

Slide credit: clinicaloptions.com

Cancers with <5% TRK fusion
Common cancer with 5%-25% TRK fusions
Rare cancer with high incidence of TRK fusions (>90%)

Cocco E, et al. Nat Rev Clin Oncol 2018 Dec;15(12):731-747. Gatalica Z, et al. AACR-NCI-EORTC 2017. Abstr A047.

http://www.clinicaloptions.com/


Hechtman JF. Modern Pathology 2022;35:298-305



Hong DS, et al. Lancet Oncol 2020;21:531-540



Waguespack SG, et al. Eur J Endocrinol 2022 Apr 29;186(6):631-643

24-month DoR: 81%, 
24-month PFS: 69% 
24-month OS: 76%



Entrectinib in Thyroid Carcinoma
● 13 patients with NTRK fusion–positive 

thyroid cancer from STARTRK-2
○ 31% had CNS mets at baseline
○ 77% papillary thyroid cancer
○ 69% NTRK3, 31% NTRK1

RECIST v1.1 by BICR. *n = 1 each: thyroid cancer, ATC, MASC in thyroid.

Outcome, n (%) PTC 
(n = 10)

Nonpapillary* 
(n = 3)

All 
(N = 13)

ORR, % (95% CI)
▪ CR
▪ PR
▪ SD
▪ PD
▪ Non-CR/non-PR

50 (18.7-81.3)
1 (10)
4 (40)
2 (20)
1 (10)

0

67 (9.4-99.2)
0

2 (67)
0
0

1 (33)

54 (25.1-80.8)
1 (8)

6 (46)
2 (15)
1 (8)
1 (8)

Best Tumor Response to Entrectinib (N = 13) 

Baseline CNS metastases§
Non-papillary histologies‡
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†Based on target and nontarget lesions per RECIST v1.1 by BICR.
‡n = 1 each: thyroid cancer, ATC, MASC in thyroid.
 § By investigator.Bowles DW, et al. 44th ETA Meeting, 2022. Abstr OP-03-14 

Median DoR: 13.2 mo (7.9-NE)
Median PFS: 19.9 mo (6.5-33.8) 
Median OS: 19.9 mo (14.5–NE)



IMMUNOTHERAPY



Immunotherapy in thyroid cancer

Drug n ORR PFS

KEYNOTE-028 Pembrolizumab 22 9% 6.8 mo

Dana Farber Nivolumab + 
Ipilimumab

32 (DTC)
10 (ATC)

9% (DTC)
30% (ATC) NA

ITOG Lenvatinib + 
Pembrolizumab 28 64% NR

PDR001 Spartalizumab 42 (ATC) 19% 1-y: 17-22%

DUTHY Durvalumab+ 
Tremelimumab

37 (DTC)
19 (MTC)
12 (ATC)

8% (DTC)
16% (MTC)
33% (ATC)

5 mo

Mehnert JM, et al. BMC Cancer 2019 Mar 4;19(1):196. Lorch JH, et al. J Clin Oncol 38: 2020 (suppl; abstr 6513). Haugen B, et al. J Clin Oncol 2020;38:(suppl; abstr 
6512). Capdevila J, et al. J Clin Oncol 2020;38:2620-2627. Capdevila J, et al. 



Haugen B, et al. J Clin Oncol 2020;38:(suppl; abstr 6512)

12-month PFS: 75%



Phase I study: Spartalizumab 
N=42 
40% 1st line

ORR: 19% 
ORR PD-L1 > 50%: 35%
mPFS: 1.7 mo
1-y PFS: 17% (RECIST 1.1); 22% (irRC)
mOS: 5.9 mo
1-y OS PD-L1 > 50%: 52%

Capdevila J, et al. J Clin Oncol 2020;38:2620-2627



Combination of lenvatinib and pembrolizumab is an effective treatment 
option for anaplastic and poorly differentiated thyroid carcinoma

Dierks C, et al. Thyroid 2021 July;31(7):1076-1085



DUTHY trial

Capdevila J, et al. Ann Oncol 2022;33 (suppl_7): S750-S757



MOLECULAR TESTING AND THERAPY: 
WHEN, HOW AND WHO



Obtain full molecular profile for any patient not expected to be cured by surgery / RAI and who might 
need systemic therapy

DTC/PDTC

Bulky, invasive, inoperable primary/locoregional disease

RAI nonavid/unresponsive

Structural volumetric doubling time <6 mo

Gross residual neck disease when XRT not appropriate or further surgery 
not feasible or should be delayed

Anatomically detectable recurrent disease

Other features that portend aggressive behavior at discretion of treating 
physician

ATC

All are stage IV and should be considered advanced 
even when resected completely 

MTC

Biochemical or structural volumetric doubling time <6 
mo

Bulky, invasive, inoperable primary/ locoregional 
disease

Anatomically detectable recurrent disease

Other aggressive features
Shonka DC, et al. Head Neck 2022 Jun;44(6):1277-1300



Belli C, et al. Ann Oncol 2021 Mar;32(3):337-350
NCCN Guidelines Thyroid Carcinoma. Version 3.2022. www.nccn.org

All patients with MTC should have germline 
testing.

All patients with sporadic recurrent/persistent 
locoregional or metastatic MTC incurable by 
surgery should have tumor somatic testing. 
• ~50% will have a somatic RET mutation.

If somatic RET mutation identified, germline 
testing for RET mutations also should be 
performed.
• 7% will have a germline RET mutation.

http://www.nccn.org/


Belli C, et al. Ann Oncol 2021 Mar;32(3):337-350



Yoshino T, et al. Ann Oncol 2020 Jul;31(7):861-872



de la Fouchardière C, et al. Ann Oncol 2021; 32 (suppl_5): S1205-S1210





RET fusions
NTRK
BRAF
Other: Alk



RET germline testing

RET somatic testing



ASAP!!

NTRK
PD-L1?
ALK?



GENERAL SCENARIO
Histologic type
(frequency, %) Genetic alterations Therapeutic options Molecularly-driven 

options Future options?

Papillary (80%)

BRAF: 40-60%
RAS (NRAS): 10-20%
RET/PTC: 10-20%
NTRK: <5%

Lenvatinib
Sorafenib
Cabozantinib

RET-driven:
Selpercatinib
Pralsetinib

NTRK-driven:
Larotrectinib
Entrectinib

BRAF inhibitors
Redifferentiation 
IO-TKI combos

Follicular (14%)
RAS: 40-50%
PAX-8/PPARγ: 30-35%
PTEN: <10%

Medullary (4%)
RET (hereditary): 95%
RET (sporadic): 50%
RAS (KRAS/HRAS):10%

Vandetanib
Cabozantinib

RET-driven:
Selpercatinib
Pralsetinib
Vandetanib

Immunotherapy
PRRT

Anaplastic (2%)

P53: 50-80%
BRAF: 20-40%
RAS: 20-40%
NTRK: <5%

Limited
Chemotherapy

BRAF V600E-driven:
Dabrafenib-trametinib

Immunotherapy 
(PD-L1?)
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