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Molecular Testing of Thyroid Cancer

= Diagnostic Value
Assessment of cytology specimens of undetermined significance

=  Predictive Value
Identification of oncogenic markers that predict patient response

to targeted therapies




Part 1

General overview: epidemiology, histologic types
and major oncogenic drivers in thyroid cancer

Estimated New Cases

Thyroid Cancer

American Cancer Society - Cancer Facts & Figures 2020

Leading Sites of New Cancer Cases in the US - 2020 Estimates

Male Female

Prostate 191,930 21% Breast 276,480 30%
Lung & bronchus 116,300 13% Lung &bronchus 112,520 12%
Colon &rectum 78,300 9% Colon &rectum 69,650 8%
Urinary bladder 62,100 % Uterine corpus 65,620 7%
Melanoma of the skin 60,190 % | Thyroid 40,170 4% |
Kidney & renal pelvis 45,520 5% Melanoma of the skin 40,160 4%
Non-Hodgkin lymphoma 42,380 5% Non-Hodgkin lymphoma 34,860 4%
Oral cavity & pharynx 38,380 4% Kidney &renal pelvis 28,230 3%
Leukemia 35,470 4% Pancreas 27,200 3%
Pancreas 30,400 3% Leukemia 25,060 3%
All sites 893,660 Allsites 912,930

* the most common endocrine malignancy
* the 5™ most common cancer in women
* the chances of developing invasive thyroid cancer is significantly higher in younger women (<50 y)

@2020, American Cancer Society, Inc., Surveillance Research




The Most Common Cancer in Adolescents and Young Adults

Leading Sites of New Cancer Cases in AYA in the US, both Sexes Combined

Ages 15-19 Ages 20-29 Ages 30-39

800 4,600 Breast (female) 11,100

Hodgkin lymphoma 800 Testicular germ cell tumors 3,000 _ 9,000

§ Brain & ONS 500 Melanoma of the skin 2,200 Melanoma of the skin 5,500
S Non-Hodgkin lymphoma 500 Hodgkin lymphoma 2,000 Colon & rectum 4,100
E Testicular germ cell tumors 400 Breast (female) 1,500 Testicular germ cell tumors 3,100
T Acute lymphoid leukemia 400 Non-Hodgkin lymphoma 1,400 Uterine cervix 3,000
é Bone tumors 400 Colon & rectum 1,300 Non-Hodgkin lymphoma 2,700
2 Soft tissue sarcomas 400 Brain & ONS 1,200 Kidney 2,400
“ Melanoma of the skin 200 Soft tissue sarcomas 1,000 Uterine corpus 2,000
Acute myeloid leukemia 200 Uterine cervix 800 Brain & ONS 1,800

@2020, American Cancer Society, Inc., Surveillance Research

Thyroid gland

Histological classification

of thyroid cancer .
+ x
Follicular epithelial cells | Parafollicular “c* cells|
| Differentisted Thyroid [ Undifferentiated
Cancer (DTC) ] l Thyroid Cancer |
. T ! m [) N . = .
(Papillary Thyroid | [ Follicular Thyroid | { Other Thyroid ‘ Anaplastic Thyroid |M.du|wymw|§
| Cancer(PTC) || Cancer(FTC) ||  cancers | Cancer (ATC) | Cancer(MTC) |
PTC FTC PDTC ATC MTC
80-85% 10-15% <2% 1-2% 3-5%
Characteristics Paplllary carcinoma Folllcular Poorly differentlated Anaplastic (undlferentlated) Medullary
carclnoma carclnoma carcinoma carcinoma
Cell type Follicular Follicular Follicular Follicular Ccell
Main histopathologic Classic papillary type, Conventional - - -
variants microcarcinoma, follicular  type, oncocytic
variant, tall-cell variant (Hurthle cell) type
Prevalence (%) 80-85 10-15 <2 1-2 35
Frequency of familial 5 & 0 0 15-30
forms (%)
Typical route of spread Local lymph-node Hematogenous Invasive local growth, Invasive local growth, Lymph-node and
metastasis metastasis, typically  lymph-node and lymph-node and hematogeneous
to bones and lungs hematogeneous metastases hematogeneous metastases metastases
10-year survival (%) 95-98 90-95 ~50 <10 60-80

Nikiforov and Nikiforova. Nat Rev Endocrinol. 2011




Histology, de-differentiation aTC, 1% HCTC, 4%
Other, 1%

. PDTC, 4%
and prognosis e e

FTC, 2%

= Differentiated thyroid carcinoma (DTC) ~93%

= good prognosis
= ~20% local recurrence; ~10% distant metastasis

= Recurrent DTC often becomes less differentiated
* no longer responds to radioactive iodine treatment
= much worse prognosis (10-year survival drops to <10%)

= Poorly differentiated and anaplastic thyroid carcinoma ~ 3-5%
= aggressive tumors with poor prognosis
= poor/no response to radioiodine treatment - limited treatment options

New drug development - targeting signaling pathways

Main signaling pathways in Thyroid Carcinogenesis
MAPK and PI3K—AKT pathways

chromosomal rearrangements

Mechanisms of pathway activation { . .
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Nikiforov & Nikiforova, Nat Rev Endocrinol 2011




Mutational Profiles of Thyroid Cancer

Folicular carcinoma

* RAS: 30-40%

* PPARG: 30-35%
* PIK3CA: <10%
» PTEN: <10%

+ TERT: 10-20%

Follicular adenoma

= RAS mutations

Anaplastic carcinoma

+ TP53: 50-80%

= TERT: 40-50%

« BRAF: 30-40%
= RAS: 20-30%

« CTNNBI: <20%
* PIK3CA: 10-20%
« ALK: 5%

Poorly differentiated
carcinoma

« TERT: 30-40%

= RAS: 20-40%

- TP53: 20-30%

different prevalences, but

partially overlapping
mutational profiles

more aggressive

Eolicuter col - BRAF: 10-20% N
* ALK: 10% higher mutational burden
Papillary carcinoma « CTNNBI: <10% =
» AKTI: 5-10%
* BRAF. 40-45% « PIK3CA: 5-10%
* RAS: 15-20% A .
. TERT 10% multiple mutations
« RET-PTC: 5-10% N2
* NTRK3: <5% comprehensive testing
* NTRK1: <5%
* ALK: 2% Medullary carcinoma
« RET: >95% famili
Ccen milial )
* RET: 50-60% sporadic
= RAS: 10%
Adapted from: Dralle et al. Nat Rev Dis primers. 2015; Greco et al. Clin Man Thyroid Can. 2013
Part 2

Diagnostic value: assessment of cytology specimens

of undetermined significance




Thyroid nodules
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Prevalence: 4-7% of U.S. adults = approximately 5% are malignant
Assessment: fine needle aspiration (FNA) = cytological evaluation

2017 Bethesda System for Reporting Thyroid Cytopathology

Six Diagnostic Categories associated with Risk of Malignancy and Recommendations for Clinical Management

ROM ROM
if NIFTP if NIFTP is
Diagnostic Category not cancer | cancer Management

Repeat fine needle
aspiration under
ultrasound guidance

Cyst fluid only
Acellular specimen
Other: Obscuring factors

Benign

Benign follicular nodule

Chronic lymphocytic (Hashimoto) thyroiditis,
in proper clinical setting
Granulomatous (subacute) thyroiditis

Clinical and US follow-up
until two negative

Malignant 94-96% 97-99% Lobectomy or near-total
Papillary thyroid carcinoma thyroidectomy
Medullary thyroid carcinoma

Poorly differentiated carcinoma
Undifferentiated (anaplastic) carcinoma
Squamous cell carcinoma

Carcinoma with mixed features
Metastatic malignancy

Non-Hodgkin lymphoma

Other

Cibas ES and Ali SZ. THYROID. Volume 27, Number 11, 2017




Diagnostic Value

Molecular Analysis of aspirated tissue has become an important
tool for assessing cytologically indeterminate nodules

Risk stratification approaches = Improved diagnosis

to help reduce unnecessary thyroid surgery
and assist pre-operative patient counseling and surgical planning

Routine Cytopathology
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Part 3

Predictive value: detection of molecular biomarkers
that predict patient response to targeted therapies

Targeted Treatment for Advanced Thyroid Cancer

SORAFENIB SORAFENIB
VANDETINIB AXITINIB
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Targeted Agents for Advanced Thyroid Cancer

Drug (Clinical Trial) Mechanism of Action

Sorafenib (DECISION) Multi-target TKI: BRAF, PDGFR, VEGFR

Vandetanib (ZETA) Multi-target RTKI: RET, EGFR, VEGFR

Anti-angiogenic
multikinase inhibitors

Vandetanib Cabozantinib Sorafenib

Lenvatinib (SELECT) Multi-target TKI: RET, PDGFR, VEGFR1/2/3, FGFR, KIT

Cabozantinib (EXAM) Multi-target RTKI: RET, MET, VEGFR1/2/3, KIT, FLT3, AXL...

Tumor Type
PTC, FTC
PTC, FTC
MTC

MTC

Lenvatinib

April 2011 Nov 2012 Nov 2013
MTC: 45% PR DTC: 40% PR DTC: 12% PR
MTC: 28% PR MTC: 25% PR

ATC: 1/3 PR

Feb 2015

DTC: 65% ORR
MTC: 36% PR
ATC: 24% PR

Anti-angiogenic multikinase inhibitors = side effects/adverse events

diarrhea>HFRS>HTN, fatigue, pain, nausea>long QT = vandetanib

diarrhea>HFRS, weight loss, nausea, fatigue>HTN  cabozantinib

HFRS>diarrhea>alopecia>fatigue, rash>weight loss>HTN = sorafenib sorafenib
diarrhea>fatigue> HTN>weight loss>nausea>headaches = lenvatinib lenvatinib lenvatinib
PDGFa-B) FGF
VEGFR1-2-3 PDGFRa-B FGFR1-2-3

cabozantinib
sorafenib
lenvatinib

SCF

KIT

vandetanib vandetanib = EGFR
cabozantinib  cabozantinib MET, FIt3R, AXL
sorafenib

lenvatinib

GFLs

e

Ras
sorafenib Raf
MEK

MAPK

CELL PROLIFERATION

P13K
AKT

mTOR

X<

\
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everolimus

Grillo et al. Endocrine-Related Cancer. 2018 (adapted)




Targeted Agents for Advanced Thyroid Cancer

Mutation-specific inhibitors

Drug Mechanism of Action Tumor Type
Dabrafenib + Trametinib BRAF (V600E, V600K) + MEK1/2 inhibitors BRAF V600E* ATC
Larotrectinib NTRK inhibitor: TRKA, TRKB, TRKC NTRK fusion® solid tumors

NTRK fusion* solid tumors
ROS1 fusion® NSCLC

RET mutant* MTC
RET fusion®* TC (PTC, PDTC, ATC)

RET mutant®* MTC

Entrectinib NTRK inhibitor: TRKA, TRKB, TRKC, ALK, ROS1

Selpercatinib (LIBRETTO) RET inhibitor

Pralsetinib (ARROW) RET inhibitor RET fusion® TC (PTC, PDTC, ATC)
Dabrafenib + Trametinib ‘ ‘ Larotrectinib Entrectinib Selpercatinib ‘ ‘ Pralsetinib ‘
| 4
May 2018 Nov 2018 Aug 2019 May 2020 Dec 2020
ATC: 69% ORR TC: 5/5 PR n/a TC: 79%-100% ORR DTC: 89% ORR

MTC: 69%-73% ORR MTC: 60%-66% ORR

Selective and potent inhibitors > better response rates and milder side effects

Case 1: 46 yo man with recurrent unresectable
medullary thyroid cancer (sporadic disease)

= 2014 R neck mass = total thyroidectomy

= Pathology: Medullary Thyroid Carcinoma

= Germline RETWT

= additional surgeries due to recurrent sporadic disease extensively involving

lower neck and mediastinum (eventually, surgery became too risky)
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Case 1: 46 yo man with recurrent unresectable sporadic MTC
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Molecular mechanisms of oncogenic RET mutations

RET MENZ2A and FMTC FMTC MEN2B
Wild-type Extracellular Intracellular Kinase domain
domain mutations domain mutations mutations

Ligand-dependent
activation, primarily
localized to lipid rafts

Ligand-independent
dimerization and
activation, not lipid raft
dependent (e.g. C634R)

Activation as
monomers, not
enhanced by
ligand (e.g. S891A)

Ligand-independent
activation, as dimers or
monomers (e.g. M918T)

Constitutive
dimerization
and cytosolic
localization




Case 1: 46 yo man with recurrent unresectable
medullary thyroid cancer (sporadic disease)

= MTC w/ somatic RET mutation
= Cabozantinib (oral TKI) for the treatment of metastatic MTC - quick
and long-term response (2yrs)

= LOX0-292 (oral RET inhibitor for RET-mutant MTC - ongoing response

QA 2 . :
& 8 G Targeted therapeutics = ~ 3 years benefit |
)
& & DS
& @ &S
»(_Z} o OO0 & -
S & Q 5 Cabozantinib LOX0-292
& 11/16 | 2/19
| 4
8/14 12/14 7/16 10/18

Case 2: 54 yo man with Poorly Differentiated Thyroid Carcinoma

Diagnosed in 2013 (51 yo) = FNA (PTC) - Total Thyroidectomy

Pathology: PTC with areas of poor differentiation

» Very aqggressive clinical course (2 recurrences requiring revision surgeries, RAl postponed)

Pathology: metastatic PTC with lymph nodes entirely replaced by PDTC

9/1310/13 progressive disease
Chemo-RT --- RAI RT refractory to RAI




Case 2: 54 yo man with Poorly Differentiated Thyroid Carcinoma

I o T N T e
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bp 140,453,130 bp 140,853 10 bp 140,853,150
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BRAF V600E
(c.1799T>A)

BRAF

Improved Survival in Melanoma with Combined Targeted Therapies
Dabrafenib (BRAF inhibitor) + Trametinib (MEK inhibitor)

better than Dabrafenib alone better than Vemurafenib alone
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Long et al., N Engl J Med Nov 13, 2014 Robert et al., N Engl J Med Jan 1, 2015

Phase 3 clinical trials > FDA approval of the dabrafenib-trametinib combination for the treatment of BRAF* melanoma (2014)




Case 2: 54 yo man with Poorly Differentiated Thyroid Carcinoma

= BRAF V600E positive PDTC
= Off label treatment: Dabrafenib + Trametinib = enduring response / Stable Disease
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Chemo-RT -- RAI RT

FDA approved combination treatment with Dabrafenib + Trametinib in May/2018

Case 3: 65 yo man with metastatic PTC (diffuse sclerosing variant)

= Chest CT to follow-up on urticaria revealed a 4 cm
R paratracheal/mediastinal mass = LN FNA (PTC)

= Pathology: PTC diffuse sclerosing variant
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PPL-NTRK1 gene rearrangement

wild-type

Signal peptide/ ™ Kinase protein Lung ADC welfe gl el 1//P-N T 1
extracellular domain domain Lung ADC _W_ﬁ_m COPHNTAKT
—v!_ Partner-Trk Intrahepatic cholangicarcinoma me——C e 745GAFIL-NTAK]
- -~ " fusion protein | ¢o0n pTC, pedatric gliomas, sarcoma, lung ADC W TPM3-NTRKT (TRK)
Fusion partner containing ™ Kinase

dimerization domain domain PTC M— TPR-NTRK1 (TRKT-1/2)

PTC TFG-NTRK1 (TAKT-3)
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Farago et al. Journal of Thoracic Oncology. December, 2015
Vaishnavi et al. Cancer Discovery. January, 2015

Case 3: 65 yo man with metastatic PTC (diffuse sclerosing variant)

= Diffuse sclerosing PTC w/ NTRK1 gene rearrangement

» LOX0-101 clinical trial = enduring benefit / Complete Response

& | Targeted therapeutics = ~ 3 years benefit ]
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(trametinib)

FDA granted accelerated approval for Larotrectinib in Nov/2018 ‘




Molecular Testing of Thyroid Cancer

= Improve Diagnosis

Assessment of thyroid nodules with undetermined cytology

= mprove Patient Management

Identify possible targets for therapeutic intervention

Thank you!
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