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ILLUSTRATIVE PATIENT BASIC CONCEPTS OF CLINICAL CONUNDRA IN FUTURE OPPORTUNITIES —
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Patient — case example

Ultrasound guided fine
needle aspiration
biopsy — Bethesda

Category IV “suspicious

for follicular neoplasm”

Ultrasound
demonstrates a 2 cm
TIRADS5 nodule

32 year old female with
a palpable 2 cm left TSH is normal
thyroid nodule
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How do we decide what thyroid

. Haugen B et al. Thyroid 2015
nodules to biopsy?
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FIG. 2. ATA nodule sonographic patterns and risk of malignancy.



ACR TI-RADS

COMPOSITION
(Choose 1)

Cystic or almost
completely cystic

0 points

Spongiform 0 points

Mixed cystic 1 point
and solid

Solid or almost
completely solid

2 points

ECHOGENICITY
(Choose 1)

Anechoic 0 points

Hyperechoic or 1 point

isoechoic
Hypoechoic 2 points

Very hypoechoic 3 points

SHAPE

(Choose 1)
Wider-than-tall 0 points

Taller-than-wide 3 points

MARGIN
(Choose 1)
Smooth
lIl-defined

Lobulated or
imegular

Extra-thyroidal
extension

0 points
0 points
2 points

3 points

ECHOGENIC FOCI
(Choose All That Apply)

None or large
comet-tail artifacts

0 points

Macrocalcifications 1 point
Peripheral (rim)
calcifications

2 points

Punctate echogenic 3 points

foci

( Add Points From All Categories to Determine TI-RADS Level }

(—

( 2 Points ) C 3 Points ) C 4 to 6 Points )

TR1
Benign
No FNA

v
TR2
Not Suspicious
No FNA

h 4
TR3
Mildly Suspicious
FNAif > 2.5 cm
Followif>1.5¢cm  /

TR4
Moderately Suspicious
FNAif > 1.5 cm
Follow if > 1 cm

7 Points or More

TR5
Highly Suspicious
FNAif>1cm

COMPOSITION

ECHOGENICITY

SHAPE

MARGIN

ECHOGENIC FOCI

Spongiform: Composed predomi-
nantly (>50%) of small cystic
spaces. Do not add further points
for other categories.

Mixed cystic and solid: Assign
points for predominant solid
component.

Assign 2 points if composition

cannot be determined because of

calcification.

Anechoic: Applies to cystic or almost
completely cystic nodules.

L2

Taller-than-wide: Should be assessed
on a transverse image with measure-
ments parallel to sound beam for
height and lar to sound

C to adjacent p:

Very hypoechoic: More hypoechoic
than strap muscles.

Assign 1 point if echogenicity cannot
be determined.

beam for width.

This can usually be assessed by
visual inspection.

Lobulated: Protrusions into adjacent
tissue.

Large comet-tail artifacts: V-shaped,
>1 mm, in cystic components.
Macr

Irregular: Jagged,
angles.
Extrathyroidal extension: Obvious
invasion = malignancy.

Assign 0 points if margin cannot be
determined.

, or sharp

Icifications: Cause acoustic
shadowing.

Peripheral: Complete or incomplete
along margin.

Punctate echogenic foci: May have
small comet-tail artifacts.

*Refer to di

for 5-9 mm TR nodules.

of papillary mi
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Fine Needle Aspiration Biopsy e




~25% thyroid FNAs are suspicious or indeterminate for malignancy
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Thyroid biopsy results:

70% are benign
5% are cancer

Atypical cells of
undetermined
significance (AUS)

Follicular or Hiirthle cell
neoplasm

Suspicious for malignancy




The Bethesda System for Reporting Thyroid Cytopathology

Estimated/predicted risk Actual risk of malignancy
of malignancy by the in nodules surgically excised,
Diagnostic category Bethesda system, %" % median (range)®

Nondiagnostic or unsatisfactory 20 (9-32)
Benign 2.5 (1-10)
Atypia of undetermined significance 14 (6-48)
or follicular lesion of undetermined
significance
Follicular neoplasm or suspicious for 25 (14-34)
a follicular neoplasm
Suspicious for malignancy 70 (53-97)
Malignant 99 (94-100)

Cibas et al 2009; Ali SZ et al 2023



Why so many indeterminate thyroid biopsies?
And what can we do about it?

Better
biopsiers

Elastography




The Cancer Genome Atlas Giordano Tl et al., Cell.
2014

How can we harness the knowledge of genetics

Nature Communications

and genomics research for patient care?

Yu et al 2019
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Figure 1. Landscape of Genomic Alterations in 402 Papillary Thyroid Carcinomas



Understanding the molecular

progression of thyroid cancer...

Non-clonal,
non-neoplastic

Benign neoplasm,

Borderline/Early cancer

Well-differentiated
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Molecular testing for thyroid cytology...

*  ThyroSec v3 ($3600):

e core alterations: BRAF V600E, NRAS, HRAS, KRAS, RET/PTC1, RET/PTC3, and
PAX8/PPARG; 112 genetic alterations, gene fusions, copy number alterations,
abnormal gene expression

* Afirma Genomic Sequencing Classifier (GSC) ($3600):
* 905 genomic variants and 235 fusion pairs from 593 genes

*  ThyGeNext ($1266) & ThyraMiR v2 ($3000):
*  DNA mutation, RNA & miRNA expression panel



Molecular testing PRO CON

for thyroid
“indeterminate” * May change * Expensive
yea or nay? decision to watch . May not alter
and wait management
* May favor « Patient decision

lobectomy over total
thyroidectomy




Patient Case Example

Molecular testing performed — suspicious/positive gene expression classifier, BRAF mutation

Bilateral lateral neck ultrasound for lymph node mapping — no worrisome lateral lymphadenopathy,
did have several worrisome central lymph nodes

Opted for a total thyroidectomy with central neck evaluation

Final pathology: multifocal papillary thyroid cancer, dominant nodule 2.5 cm with lymphovascular
invasion, 3/3 central lymph nodes positive for metastasis with no extranodal extension

AJCC pT2pN1MO = Stage 1

Tuttle RM, Haugen B, Perrier ND. Updated American Joint Committee on Cancer/Tumor-Node-Metastasis Staging System for Differentiated and
Anaplastic Thyroid Cancer (Eighth Edition): What Changed and Why? Thyroid. 2017 Jun;27(6):751-756. doi: 10.1089/thy.2017.0102. Epub 2017 May 19.
PMID: 28463585; PMCID: PMC5467103.



Patient Case Example — so what now?

* Moderate risk for recurrence

* Opted for treatment with radioactive iodine

...Thyroglobulin was 20 postop with elevation to 43 with rhTSH stimulation
...1123 only demonstrated 0.38% remnant, no metastasis

...1131 treatment 75 mCi, posttherapy scan no metastasis

* One year later — Tg is now 40, up to 93 with rhTSH stimulation
* Low dose 1131 scan is NEGATIVE

* PET/CT demonstrates multifocal central neck positivity, 2.5 cm nodule in
the left lateral neck



* Radiofrequency ablation of all foci?
So what are e Alcohol ablation of all foci?

her options? * Chemotherapy?
And Why did * External beam radiation therapy?

this happen? * TSH suppressive therapy?

* Bilateral reoperative central neck
dissection, left modified radical neck
dissection?

....molecular fingerprinting




Influences on Cancer Incidence and A. Holowatyj et al Nature

O utcomes Reviews: Cancer 2021
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MI Profile

 MI Profile” comprehensive testing delivers whole exome
sequencing (WES - DNA) and whole transcriptome
sequencing (WTS - RNA) for 23,000+ genes, as well as
protein analysis and Al-predictive algorithms.

CARIS MI Tumor Seek Hybrid

* MITumor Seek Hybrid™ is a high-throughput next
generation sequencing (NGS)-based assay that
simultaneously captures both DNA and RNA

Genotyping

Caris Assure

* Whole Exome and Whole Transcriptome Sequencing from
blood. This revolutionary, pan-cancer assay utilizes a
novel circulating Nucleic Acid Sequencing (cNAS)
approach.

To reiterate, | have NO financial or ethical conflicts of interest and do NOT receive support
from CARIS. There are other companies that provide testing, this is what we currently use.




Oncohema Key. 2017.

Molecular

Targeted
BRAF
Pathway

Sorafenib

Vandetanib
Cabozantinib
Pazopanib
Sunitinib \ RTK
PI3K/AKT MAPK
pathyway / \ pathway
PI3K RAS
PTEN _l 1 Vemurafenib
BRAF —— Dabrafenib
AKT |
___ Selumetinib
l MEK Trametinib
MTOR ERK

Cell proliferation and survival



Sipos JA & Ringel MD,
Best Pract Res Clin
Endocrinol Metab. 2023.

FDA-approved

Treatment for
Advanced
Thyroid Cancer

Compound

Biomarkers

Tumor Indication

Immune Checkpoint
Inhibitors

Dabrafenib + Trametinib
Selpercatinib or Pralsetinib

Larotrectinib or Entrectinib

Lenvatinib, Sorafenib, and
Cabozantinib”

Vandetanib and
Cabozantinib

High Tumor Mutation
Burden and/or mismatch
repair deficient or tumors
with microsatelite
instability

BRAF V60OOE mutation
Ret mutations and RET
fusions

NTRK fusions

No specific molecular
biomarker

No specific molecular
biomarker

Any solid tumor with biomarker

Anaplastic Thyroid Cancer
Progressive FCDTC® or medullary thyroid cancer

Any progressive solid tumor with biomarker
Progressive metastatic non anaplastic FCDTC

Progressive medullary thyroid cancer

4 Follicular cell derived thyroid cancer.
b Approved as second-line therapy following prior VEGF-targeted treatment.



The Cancer Genome Atlas (TCGA)

* Most cancer type cohorts were >80% non- i ——r— ’Tf.‘i;

Hispanic white e
* NOT because cancers have lower incidence s T e
+ Severely limits our ability to test for enriched S T T -

mutations

Abbreviations: AC, sdemocarcinoma; GBM, glioblastoma multiforme; HNSCC, squamous ccll carcinoms; NA, not available; SCC, squamous cell carcinoma; TCGA, The
Cancer Gonome Athas

A | No. of samples needed to detect 3 10% mutational frequency rate d
700
Ethnic Disparities in Genomic Sequencing
600 = " -
3ncall, MO, Tiffany Chan, MA, | . PhD, Coroy Spoors, MD, Felix Y. . Lung squamous carcinoma . Glioblastoma multiforme
n.0. Ogunwobi, MD, PhD, and h R_Osbomae, MD, PhD 2| soo Bl Lung adenocarcinoma B Renal clear cell carcinoma
5 " carc v
£ i I Head and neck squamous cell carcinoma [l Ovarian cancer
v Colon cancer [ Breast cancer
S
8| 300 Uterine cancer Prostate cancer
g
A 200
100 l ’
0+ |

- g -

Vihite Black Hispanic Asian Native Hawaiian American Indian

of Samples

Race/Ethnicity



gnomAD - Clinical genetics — great promise but incomplete data

Distribution across Populations: Information about Clinically Relevant
Sites in gnomAD (N.obs = 225,288; N.counts = 61,705; N.private = 419)

0.5 Published in final edited form as:
Hurm Mutat. 2018 November ; 39(11): 1713-1720. doi:10.1002/humu.23644.

0.5
04 “The Clinical Imperative for Inclusivity: Race, Ethnicity, and
% Ancestry (REA) in Genomics”
02 Alice B. Popejoy'-’, Deborah I. Ritter?, Kristy Crooks?, Erin Currey?®, Stephanie M.
Fullerton5, Lucia A. Hindorff*, Barbara Koenig®, Erin M. Ramos?, Elena P. Sorokin', Hannah
0.1 2 Wand', Mathew W. Wright', James Zou', Christopher R. Gignoux?, Vence L. Bonham?,
l@ I "E I Sharon E. Plon?, and Carlos D. B 1 Clinical G Resource (ClinGen) Ancestry
o L Ll & gl and Diversity Working Group (ADWG)
African Ashkenazi East Asian European Finnish Latino South Asian
Jewish
® Average number of observations per site = Total allele counts Total private alleles

* gnomAD = Genome Aggregation database
* European ancestral databases constituted the majority of observations (55.8%); allele counts (59.7%), and private alleles (56.1%)

* Genetic Information Nondiscrimination Act (GINA) — not signed into law until May 21, 2008



DANCE-Th:
Prospective
Thyroid Cancer
Cohort at
Georgetown
University School

of Medicine and
MedStar Health

THE DANCE-TH
TEAM

=
MedsStar Health

Inclusion: Patients with thyroid cancer
undergoing surgery

Goal: Highly diverse set of patients with
differentiated thyroid cancer

Plan:

Comprehensive initial evaluation along with a

genetic counselor

Genetic testing — blood, saliva, tissue biobank

Yearly evaluation

Outcomes:
Medical outcomes
Patient reported outcomes

Genetic epidemiology, genotype/phenotype
correlation

International Collaboration for Data Sharing
and Tissue Genotyping

Practice
and Policy

Patient
Factors

As of 3/14/2025 we have 5000
patients in our retrospective
database... recruiting now for

prospective study!









Overall Survival and Progression Free Survival for Patients in
Relation to Surgery After BRAF-directed Therapy

= Neoadjuvant + Surgery
< Upfront Surgery
= No Surgery
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DNA Translocation

National Human Genome Research Institute. 2023.



DNA — RNA — Protein
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Types of DNA Mutation

Deletion

Original DNA sequence

'?O"
K

One base pair is ad?ied.

Frazer G, Arizona State University. 2019.



DNA Deletion

Microdeletion Macrodeletion

Mutation Site

_GTCGAGTCTA[GCGCTATCGCT. ..

. CAGCTCAGATCGCGATAGCGA. ..

Deletion

. .GTCGAGTCTACGCTATCGCT. ;o
.CAGCTCAGAT GCGATAGCGA. ..

National Human Genome Research Institute. 2023.



DNA Translocation

Translocation

-

National Human Genome Research Institute. 2023.




Copy Number Alteration

Duplicated area

duplication

After

duplication National Human Genome

Research Institute. 2007.
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Overview

1. “Some basic molecular biology” v/
2. “Two clinical problems” —»

3. “Molecular diagnostics”

4. “Molecular targets”
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1. “Some basic molecular biology” v/
2. “Two clinical problems” vV

Overview

3. “Molecular diagnostics” —»
4. “Molecular targets”




Benign Call Rate and Molecular Test Result
Distribution of ThyroSeq v3

= Retrospective review of 224 cases with Bethesda IlI/IV cytology

= ThyroSeq v3 test results

= Benign call rate 74%

HOWEVER.......

Ohori, NP et al. Cancer Cytopathol. 2019



——  Thyrosec v3, Afirma GSC: A Systematic Review and
Meta-Analysis

Silaghi, CS et al. Front. Endocrinol. 2021



Is Molecular Testing Indicated?

Thyroid lobectomy indicated already?

=  Growing 3 cm nodule with history of 3 FNAs
= Symptomatic 4 cm nodule

= How is the molecular test helpful?




Is Molecular Testing Indicated?

Regarding extent of resection and whether total thyroidectomy
indicated already?

"= Moderate-sized or substernal goiter
= Suspicious cervical lymph node

=  Small multinodular goiter and hypothyroidism




—— Molecular Profiling of 50,734 Bethesda Ill-1V Thyroid
Nodules by ThyroSec v3

= Retrospective review of 17,205 cases with Bethesda IlI/1V cytology

" ThyroSeq v3 tests 34% suspicious molecular test

HOWEVER.......

Chiosea,S et al. J Clin Endocrinol Metab 2023



Is Molecular Testing Indicated?

Regarding extent of resection and whether total thyroidectomy or
lymphadenectomy indicated already?

= 2 cm TIRADS 4 thyroid nodule with no lymphadenopathy
= Suspicious cervical lymph node...biopsy!

= Multinodular goiter and hypothyroidism




Challenges to Efficacy of Molecular Testing

773 consecutive patients with introduction of ThyroSec v2
Cytology shift toward more indeterminate results

No change in rate of surgery, % overtreatment, or rate of
malignancy

Fazeli S et al. Thyroid. 2020



Challenges to Efficacy of Molecular Testing

Costs

Thyroid lobectomy or total thyroidectomy $600-$1200
Afirma Genomic Sequencing Classifier $3,600

Afirma Xpression Atlas $2900

ThyroSec v3 $3,600

ThyGeNext ($1266) & ThyraMiR v2 (S3000)




Prognosticating ATC by Genetic Targets
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Log-rank P <0.001
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Cabanillas Z et al.,

F1000Research. 2018.




Complete Surgical Resection Following Neoadjuvant Dabrafenib Plus
Trametinib in BRAFV600E-Mutated Anaplastic Thyroid Carcinoma

Patient 3

(a) pre-treatment (‘b) after 1 month

Patient 4 Patient 6

. N '; g 2
e-treatn ter 5 months Wang, J et al
(a) pre-treatment (b) after 1 month (a) pre-treatment (b) after 5 months (a) pre-treatment (b) after 3 months 8, .

Thyroid. 2019.




Overall Survival and Progression Free Survival for Patients in
Relation to Surgery After BRAF-directed Therapy

Zhao X et al. Thyroid. 2023.



Introduction of Immunotherapy and Targeted Therapy

Figure 2. Two-Year Overall Survival (OS) of Patients

with Anaplastic Thyroid Carcinoma According to Year of

Presentation

Two-Year Overall Survival (OS) of Patients with
Anaplastic Thyroid Carcinoma According to Year

of Presentation (479 patients)

100+
80
E 60+ h|.\_‘_\'I—‘
> .
& 2017-2019
T 404 '
g 2014-2016
O L
20_ \‘.ﬁx
2000-2013
0 .
0 0.5 1.0 1.5 2.0
Time, y
No. at risk
2000-2013 225 124 74 44 35
2014-2016 100 63 42 28 21
2017-2019 152 96 43 26 11

Group OSYear1l OS Year 2
2000-2013 35% 18%
2014-2016 47% 25%
2017-2019 59% 42%

Maniakas A et al. JAMA Oncol. 2020.
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Moving forward.......

Translation to practice and/or policy!?
Intervention studies? ide

ar
Role of environmental disparities!?

Community participation? _

Cancer Discov. 2012 December ;2(12): 1087—1090.doi:10.1158/2159-8290.CD-12-0424

miology



Disparities in Treatment for Thyroid Cancer

Lower socioeconomic status, Black, Hispanic or Latino, less education, no
insurance or Medicaid experienced increased complications, worse survival

Less access to high quality hospitals & high-volume surgeons
Less likely to participate in clinical trials

? Access to molecular diagnostics and molecular-targeted therapy

Megwalu & Ma Ca Invest 2023
Davis et al. Thyroid 2023
Chen et al. Lancet 2023
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