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Treatment strategies for cancers derived from thyroid follicular cells:

1. Active surveillance for low volume differentiated thyroid cancer.

2. Surgery.

3. Radioiodine ablation of the thyroid remnant.

4. Adjuvant RAI therapy.

5. RAI treatment of locally recurrent or metastatic thyroid cancer.

6. External beam radiotherapy

7. Systemic therapies for RAI-refractory recurrent or metastatic thyroid cancer. 
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ATA LOW RISK:  Non-invasive PTCs, no vascular invasion, N0 or < 5 nodal micromets,
no “aggressive histology” (e.g. TCV-PTC, hobnail, columnar cell).

ATA INTERMEDIATE RISK: Microscopic perithyroidal invasion, vascular invasion.
Clinical N1 or > 5 LN < 3 cm.
Micro-PTC with ETE (BRAF mutant).

ATA HIGH RISK:  Gross ETE.
Incomplete resection.
N1 with any LN > 3 cm.
Distant mets.
High post-op Tg.
FTC with extensive vascular invasion.
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Putting it all together Chip Stewart, Broad

Genomic landscape of papillary thyroid cancer
BRAF RAS (N>H>K)

RTK fusions:
RET, NTRK
ALK, others. 
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Functional Consequences of Driver Mutations in Papillary Thyroid.

Fagin JA, Wells 
SA Jr. N Engl J 
Med 2016

Presenter
Presentation Notes
Figure 2 Functional Consequences of Driver Mutations in Papillary Thyroid Carcinomas. Panel A shows that papillary thyroid carcinomas have mutually exclusive activating mutations in BRAF, RAS, and RTK. The photomicrographs show hematoxylin and eosin–stained slides of the indicated variants of papillary thyroid carcinoma. Mutant RTKs, RAS, and BRAF activate mitogen-activated protein kinase (MAPK) signaling but do so to different degrees. The symbol > indicates more frequent than. The signaling output driven by BRAF V600E is highest, because this oncoprotein signals as a monomer and is unresponsive to the negative-feedback effects of activated ERK on upstream inputs into the pathway.7–9 By contrast, the MAPK-signaling flux that is evoked by fusion RTK proteins or by mutated RAS is dampened by negative feedback. The expression of genes that is required for iodide uptake and metabolism, which are hallmarks of the differentiated state of thyroid follicular cells, is inhibited by MAPK signaling. This is consequential, because responsiveness to radioiodine therapy requires preservation of thyroid-differentiated function. The weight of the lines and arrows indicates the magnitude of the flux through the MAPK pathway and the transcriptional activities, respectively. The term mTOR denotes mammalian target of rapamycin, and PI3K phosphatidylinositol 3-kinase. Panel B (left side) shows that the MAPK kinase (MEK) inhibitor selumetinib decreases extracellular signal-regulated kinase (ERK) activation and restores expression of the sodium iodide transporter (NIS) and other thyroid differentiation genes in mice with Braf V600E–driven papillary thyroid carcinoma.6 The insets on the right side of Panel B are fused iodine-124 positron-emission tomographic–computed tomographic images showing the restoration of iodine-124 uptake with selumetinib treatment in a patient with radioiodine-refractory lung metastases of thyroid cancer. Adapted, with permission, from Ho et al.11
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• Consensus expert recommendations for adjuvant RAI treatment are based on 
retrospective studies, despite their methodological weaknesses and biases. 

• Most invasive tumors or cancers with significant locoregional nodal disease are 
treated with RAI after surgery. 

• This is problematic, as tumors giving rise to nodal disease are markedly 
enriched for BRAFV600E, and are mostly unresponsive to RAI. 

• Similarly, patients with persistent or recurrent nodal or distant metastatic disease 
are treated with RAI irrespective of tumor genotype. 

• Measuring efficacy of adjuvant RAI is challenging. 

RAI is a systemic therapy associated with 
potentially significant side effects  



How well does conventional RAI work in metastatic thyroid cancer?



• Among 20,367 unique patients with thyroid cancer treated at MSKCC from 
1985 to 2018, 5,863 received RAI therapy within the institution. 

• Of these, 3,363 had undetectable TgAb, rendering serum Tg levels 
interpretable as a biomarker. 

• Altogether, 221/3363 patients had Tg levels >200. 

• 34/221 ended up with a Tg <20 after RAI, but only 11/221 (5%) had a 
structural response by RECIST v1.1 .

Efficacy of RAI therapy in patients with distant metastases of thyroid cancer

Laura Boucai



Complete response of macronodular lung metastases to “conventional” RAI Rx.



We performed WES on patients with “exceptional” structural responses to 
conventional RAI.

1. NRAS-Q61R + EIF1AX A113-spl
2. KRAS-Q61R + EIF1AX A113-spl
3. KRAS-G12V
4. BRAF-G469A
5. RET/PTC1. 
6. EML4/ALK (Mayo Clinic)



Metastatic thyroid cancers showing major structural responses to RAI are enriched 
for mutations that constitutively activate RAF dimers (e.g. RAS, class 2 BRAF mutations,
RET fusions).



Treatment strategies for cancers derived from thyroid 
follicular cells:

1. Active surveillance for low volume differentiated thyroid cancer.

2. Surgery.

3. Radioiodine ablation of the thyroid remnant.

4. Adjuvant RAI therapy.

5. RAI treatment of locally recurrent or metastatic thyroid cancer.

6. Systemic therapies for RAI-refractory recurrent or metastatic 

thyroid cancer. 



• The subset with indolent/slow-growing disease can be closely 
followed without therapy.

• Systemic therapies for patients with oligometastatic disease 
can be deferred if individual lesions can be surgically removed 
or treated with radiotherapy or other ablative treatments. 

• Drug therapies for RAIR metastatic disease are administered 
continuously with palliative intent.

RAI-Refractory (RAIR) Metastatic Thyroid Cancer
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Variations in Rate of Progression in Patients with 
Metastatic Disease
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Exponential Growth Curve

Exponential Growth

Time
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Graphically 



Growth Curves: Exponential Path



Sabra, Sherman, Tuttle.  Cancer 2017

Structural Doubling Time In Pulmonary Metastases
146 progressive pulmonary nodules, median 8.5 yrs,

(r=0.92, r2=0.85)



Structural midDT and Overall Survival 

OS from DM diagnosis OS from 1 cm time point

Sabra et al. Cancer 2017; 15: 2955-2964



midDT

Structural midDT and overall survival from the 
time lung metastasis was 1 cm 
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Using Tumor Kinetics To Evaluate Effectiveness of Therapy

Sabra, Sherman, Tuttle.  Cancer 2017

Impact of systemic therapy of the size and growth rates of pulmonary metastases



When to start therapy?

Patient  
Wishes

Tumor
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• Tumor vasculature.

• Cell autonomous targets: oncoprotein drivers.

• The immune microenvironment.

Therapeutic Targets in RAI-Refractory (RAIR) Thyroid Cancer
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Targeting the vasculature:
Multi-targeted VEGFR TKIs Phase II Studies 

Agent # PR/CR SD Site
Sorafenib 56 11% 63% Ohio State
Sorafenib 25 23% 53% Univ. of Pennsylvania

Sunitinib 29 28% 48% (?) Univ. of Washington
Sunitinib 35 17% 74% Univ. of Chicago
Pazopanib 37 49% 43% (?) Mayo Clinic
Axitinib 45 31% 42% Multi-Site
Motesanib 93 14% 67% Amgen
Lenvatinib 58 59% 36% Multi-Site
VEGFtrap 40 0% 83% MSKCC
Sorafenib/Everolimus 28 50% 46% MSKCC

Presenter
Presentation Notes
Aflibercept: EC domains of VEGFR1 and VEGFR2 fused to Fc of IgG; binds VEGFA family, VEGFB, and placental growth factor (regeneron)



Best Tumor Response

Presented By Martin Schlumberger at 2014 ASCO Annual Meeting

Waterfall of Best Response: Lenvatinib vs. Placebo

ORR: 65%



Select trial: Kaplan-Meier Estimate of PFS

CI, confidence interval; HR, hazard ratio; NR, not reached.

Median PFS, months (95% CI)

Lenvatinib 18.3 (15.1–NR)

Placebo 3.6 (2.2–3.7)

HR (99% CI): 0.21 (0.14–0.31)
Log-rank test: P < 0.0001

Progression 
events, 41%

Progression 
events, 86%

Presenter
Presentation Notes
‘Progression events’ was defined as the sum of ‘progressive disease’ and ‘death’. 
   For lenvatinib, there were 93 progressive disease events and 14 deaths
   For placebo, there were 109 progressive disease events and 4 deaths



SELECT Trial: Safety Profile

Adverse Reaction
LENVIMA 24 mg, % 

(n=261)
Placebo, %

(n=131)
All Grades Grades 3/4 All Grades Grades 3/4

Vascular disorders
Hypertensiona 73 44 16 4
Hypotension 9 2 2 0

Gastrointestinal disorders
Diarrhea 67 9 17 0
Nausea 47 2 25 1
Stomatitisb 41 5 8 0
Vomiting 36 2 15 0
Abdominal painc 31 2 11 1
Constipation 29 0.4 15 1
Oral paind 25 1 2 0

Presenter
Presentation Notes
• Most common adverse reactions greater than or equal to 30% of LENVIMA-treated patients in order of decreasing frequency, were hypertension, fatigue, diarrhea, arthralgia/myalgia, decreased appetite, weight loss, nausea, stomatitis, headache, vomiting, proteinuria, palmar-plantar erythrodysesthesia (PPE) syndrome, abdominal pain, and dysphonia
• The most common serious adverse reactions (at least 2%) were pneumonia (4%), hypertension (3%) and dehydration (3%)
• Adverse reactions leading to dose reductions: LENVIMA 68%, placebo 5%
• Adverse reactions leading to discontinuations: LENVIMA 18%, placebo 5%
• The most common adverse reactions (at least 10%) resulting in dose reductions of LENVIMA were hypertension (13%), proteinuria (11%), decreased appetite (10%), and diarrhea (10%); the most common adverse reactions resulting in discontinuation of LENVIMA (at least 1%) were hypertension (1%) and asthenia (1%)



SELECT Trial: Safety Profile (Cont.)

Adverse Reaction
LENVIMA 24 mg, % 

(n=261)
Placebo, % 

(n=131)
All Grades Grades 3/4 All Grades Grades 3/4

General disorders and administration site conditions
Fatiguee 67 11 35 4
Edema peripheral 21 0.4 8 0

Musculoskeletal and connective tissue disorders
Arthralgia/myalgiaf 62 5 28 3

Metabolism and nutrition disorders
Weight decreased 51 13 15 1
Decreased appetite 54 7 18 1
Dehydration 9 2 2 1

Nervous system disorders
Headache 38 3 11 1

Renal and urinary disorders
Proteinuria 34 11 3 0

Presenter
Presentation Notes
[Visual: Table full screen]
[No talking points]



SELECT Trial: Safety Profile (Cont.)

Adverse Reaction
LENVIMA 24 mg, % 

(n=261)
Placebo, % 

(n=131)

All Grades Grades 3/4 All Grades Grades 3/4

Skin and subcutaneous tissue disorders

Palmar-plantar 
erythrodysesthesia 32 3 1 0

Rashg 21 0.4 3 0

Respiratory, thoracic, and mediastinal disorders

Dysphonia 31 1 5 0

Cough 24 0 18 0

Presenter
Presentation Notes
[Visual: Table full screen]
[No talking points]




DECISION: Phase III Sorafenib vs. Placebo in RAIR, R/M 
Differentiated Thyroid Cancer

Sorafenib
n (%)

Placebo
n (%) p-value

Total Evaluable Patients 196 201

Overall Response Rate 24 (12.2) 1 (0.05) <0.0001

Complete Response 0 0 -

Partial Response 24 (12.2) 1 (0.05) -

Stable Disease > 6 months 82 (41.8) 67 (33.2) -

DCR (CR+PR+SD) 106 (54.1) 68 (33.8) <0.0001

Dose interruption due to AEs, % 66.2 25.8

Dose reduction due to AEs, % 64.3 9.1

Permanent discontinuation due to AEs, % 18.8 3.8

Brose, MS et. al., Lancet, 384: 319-328, 2014.

1:1 randomized, double blind Phase III trial in RAIR, progressive LA/metastatic thyroid cancer

Median Progression-Free Survival (PFS)
Placebo: 5.8 months HR: 0.59 (95%CI: 0.45-0.76,  p< 0.0001)
Sorafenib: 10.8 months

Presenter
Presentation Notes
11/22/13 FDA approved

POD within 14 months according to RECIST

RAIR: 1 RAI negative lesion, one positive lesion and POD after one RAI within the past 16 months, positive but progressed after RAIx2 given within 16 months of each other with last given >16 months ago, or lifetime RAI > 16 months.

Cross over allowed (71.4% of placebo group crossed over).
Hfs most often cited reason for d/c





Combination therapies with sorafenib

Waterfall plot of Best Response per histologic subtype

Phase 2 trial of sorafenib + tensirolimus in RAIR thyroid cancer.  Sherman EJ et al. Cancer 2017.

ORR: 22%

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5650535_nihms884826f1.jpg


TKI plus mTORC1 Inhibitor: Sorafenib plus Everolimus

Study rationale:
– PI3K/Akt/mTOR pathway alterations in thyroid cancer
– PI3K/Akt/mTOR pathway mediates resistance to TKIs?

Eric Sherman

PR *PR SD POD

Papillary 5 (56%) 0 3 (33%) 1 (11%)

Follicular 1 (50%) 0 1 (50%) 0

Hurthle Cell 6 (67%) 1 (11%) 2 (22%) 0

Poorly Differentiated 4 (50%) 0 4 (50%) 0

Medullary1 4 (40%) 0 4 (40%) 2 (20%)

Total 20 (52%) 1 (3%) 14 (37%) 3 (8%)

1 Six of 10 patients with medullary thyroid cancer had been on > 1 prior regimens

Presenter
Presentation Notes
Principal Component analysis: HCC different from PTC/FTC.  Different mutational profile

Oncomine analysis showed HCC overlap with tems sensitivity signatures and GSEA showing overlap with liver cancer cell line expressing active mTOR.



TKIs in RAIR Thyroid: When to Treat?
• Systemic therapy is palliative not curative.

• Spectrum of clinical aggressiveness exists for RAIR thyroid cancers 
(indolentaggressive).

• TKI impact upon overall survival has not been demonstrated.

• Therapy requires continuous management of drug toxicities.

• Common AEs: Hand-foot syndrome, hypertension, fatigue, diarrhea, asthenia, anorexia, 
proteinuria, alopecia.

• Mortality: (lenvatinib) 6 drug-related deaths; (sorafenib) 1 drug-related death

BASIC PARADIGM
Treat when risk of progressive disease and/or tumor-related 

symptoms outweigh risks of systemic therapy.

Presenter
Presentation Notes
Need design to quickly screen for activity of targeted drug with the correct molecular biomarker across different disease types.



• Tumor vasculature.

• Cell autonomous targets: oncoprotein drivers.

• The immune microenvironment.

Therapeutic Targets in RAI-Refractory (RAIR) Thyroid Cancer
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RET       TRK

RAS

BRAF

MEK 1/2

Erk 1/2

MAPK Pathway Alterations in Differentiated Thyroid Cancers

Papillary Carcinoma Follicular Carcinoma

10-15%

45%

5-15%

35%  (RAS + NF1 + BRAFK601E)

Presenter
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Phase II: Vemurafenib in RAIR R/M Thyroid Cancer

VEGFR2i-naïve 
(n=26)

VEGFR2i-pretreated 
(n=25)

Vemurafenib
960 mg BID
until disease 
progression 
or 
unacceptable 
toxicity

• Recurrent, unresectable or 
metastatic papillary thyroid 
cancer

• BRAF V600E mutation+ 
• Radioactive iodine refractory
• Evidence of progression 

within 14 months
• Prior chemotherapy allowed

Vemurafenib (Zelboraf; Genentech/Daiichi Sankyo)

Potent, selective ATP-competitive inhibitor of BRAF 
(V600E)

FDA approved for unresectable/metastatic, BRAFV600E

mutant melanoma

IC50 in vitro (nM) 
(purified kinases)

BRAFV600E 35

BRAF 110

CRAF 48

Brk 240

Kit 610

KDR 5300

Brose M., et. Al., Lancet Oncol, 2016



Cohort 1: VEGFR2i-naïve
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Cohort 1, N=26

Presented By Marcia Brose at 2013 ESMO Conference

ORR: 38.5% (10/26)
SD > 6 mos: 35% (9/26)
mPFS: 18.2 mos (95%CI 15.5-29.3mos)
mOS: NR(Brose M, Lancet Oncol, 2016)

ORR: 35%

Presenter
Presentation Notes
There were no CRs correct?
Reformat to make taller
Red means PR not confirmed because why?  Because the seocnd scan had not occurred, or they had increase at the next scan?
Lancet report 38.5% response rate.
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Cohort 2, n=21†

Cohort 2: VEGFR2i-pretreated 

Each bar represents one Cohort 1 patient.

ORR: 29%

ORR: 27.3% (6/22)
SD > 6 mos: 27.3% (6/22)
mPFS: 8.9 mos (95%CI 5.5-NE mos)
mOS: 14.4 mos (8.2-29.5 mos)

Presented By Marcia Brose at 2013 ESMO Conference

(Brose M, Lancet Oncol, 2016)
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Remove the notes at the top starting with Figure 14.2
Keep the legend box.
Make pretty.



RAIR-DTC Vemurafenib
No Prior RXN

Vemurafenib
Prior RXN

PR + CR 10/26 (38%) 6/22 (27%)

RAIR-DTC Dabrafenib Dabrafenib + Trametinib 

PR + CR 10/26 (38%) 9/27 (33%)

BRAF Inhibitor Combinations

Shah, MH 2017 ASCO Annual Meeting
Sherman, ES 2017 ASCO Annual Meeting

Ras

MEK 1/2

Erk 1/2

BrafV600E BRAFi

MEKi



Model of HER2/HER3-induced primary 
resistance to MAPK inhibitors in BRAF-

mutant thyroid cancer cells. 

Cristina Montero-Conde et al. Cancer Discovery 2013;3:520-533

Presenter
Presentation Notes
Model of HER2/HER3-induced primary resistance to MAPK inhibitors in BRAF-mutant thyroid cancer cells. RAF or MEK inhibitors release transcription repressor CTBP proteins from the HER3 promoter and induce HER3 gene expression. Autocrine-secreted NRG1 binds to HER3, triggers HER3/HER2 heterodimerization and receptor phosphorylation, inducing PI3K and reactivating MAPK signaling, thus promoting resistance to growth inhibition.



Response Rate in DTC of co-inhibition of BRAFV600E and HER 
kinases

Dabrafenib/Lapatinib

Cohort # DTC only
Response Rate Median PFS

DTC Group only 19 58% 18m

1 – Lapatinib 750mg 5 60% 11m

2 – Lapatinib 1250mg 2 50% 27.5m

3 – Lapatinib 1500mg 12 58% 20m

No Prior BRAF inhibitor 14 64% 29m

No Brain Metastases 14 57% 20m

No Prior BRAF inhibitor or 
Brain Metastases

11 64% 29m









Waterfall Plots of the 
Maximum Change in 

Tumor Size.

Wirth LJ et al. N Engl J Med 
2020;383:825-835
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Figure 1 Waterfall Plots of the Maximum Change in Tumor Size. Tumor size was determined by investigator assessments. For each patient, the best (minimum) percent change from baseline in the sum of diameters for all target lesions is represented by a vertical bar. The dashed lines at 20% and −30% indicate growth and shrinkage of target lesions, respectively. Data are not shown for four patients with RET-mutant medullary thyroid cancer (MTC) previously treated with vandetanib, cabozantinib, or both: two discontinued before any postbaseline imaging assessments, and two did not have measurable disease at baseline. Data are not shown for four patients with RET-mutant medullary MTC not previously treated with vandetanib or cabozantinib: two patients discontinued before any postbaseline imaging assessments and two did not have measurable disease at baseline. Data are not shown for two patients with RET fusion–positive thyroid cancer: one did not have measurable disease at baseline, and one could not be evaluated during the trial.



Kaplan–Meier Plots of the Duration of Response and Progression-free Survival among Patients 
with RET-Mutant MTC Previously Treated with Vandetanib, Cabozantinib, or Both.

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

Presenter
Presentation Notes
Figure 2 Kaplan–Meier Plots of the Duration of Response and Progression-free Survival among Patients with RET-Mutant MTC Previously Treated with Vandetanib, Cabozantinib, or Both. Response and disease progression were determined by investigator assessments. Data for the duration of response (Panel A) are for 34 patients who had a response, and data for progression-free survival (Panel B) are for all 55 patients with pretreated RET-mutant MTC.



Adverse Events in 162 Patients with RET-Mutant MTC or RET Fusion–Positive Thyroid Cancer 
Who Received Selpercatinib.

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

Presenter
Presentation Notes
Table 3 Adverse Events in 162 Patients with RET-Mutant MTC or RET Fusion–Positive Thyroid Cancer Who Received Selpercatinib.



IMPORTANCE OF GENOTYPING TUMOR SAMPLES OF 
PATIENTS WITH RAIR METASTATIC THYROID CANCER

1. Multikinase inhibitors are approved as treatments for RAIR thyroid cancer 
regardless of tumor genotype.

2. Besides RET-driven tumors, NTRK kinase inhibitors (larotrectinib) are approved for
treatment of cancers regardless of tumor type (“tissue agnostic”).

3.   NCCN guidelines: Selective RAF kinases inhibitors (dabrafenib, vemurafenib) can be
considered if there are no clinical trials available.     
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