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Objectives

o Key molecular changes

Tumor genotype is associated with phenotype

BRAF K60O1E

BRAF V600E DICERI mut. RAS mut.
BRAF fusions ALK fusions THADA fusions EIF1IAX mut. mtDNA mut.
RET fusions NTRK fusions PPARG fusions PTEN mut. Chrom. CNA
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Nishino M et al. Figure prepared for “Molecular and Other Ancillary Tests”, TBSRTC 39 Ed (2023).
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Tumor genotype is associated with phenotype

BRAF K60O1E

BRAF V600E DICERI mut. RAS mut.
BRAF fusions ALK fusions THADA fusions EIF1IAX mut. mtDNA mut.
RET fusions NTRK fusions PPARG fusions PTEN mut. Chrom. CNA

BRAFVY600E_[ike tumors

BRAF V600E mutation

RET fusions
- CCDC6::RET (RET-PTC1)
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ALK fusions
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NTRK1/3 fusions
MET fusions




BRAFVY600E_[ike tumors
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BRAFVY600E_[ike tumors

BRAF V600E mutation

RET fusions
- CCDC6::RET (RET-PTC1)
- NCOA4::RET (RET-PTC3) |
ALK fusions ‘
BRAF fusions
NTRK1/3 fusions
MET fusions

Tumor genotype is associated with phenotype

BRAF K601E
BRAF V600E DICERI mut. RAS mut.
BRAF fusions ALK fusions THADA fusions EIF1IAX mut. mtDNA mut.
RET fusions NTRK fusions PPARG fusions PTEN mut. Chrom. CNA

N K| N M

s o
& e @&

N

TERT promoter mut.

¥ ¥\

L2 L

R
A

S

like




RAS-like tumors

H/N/KRAS mUtatlon FA FT-UMP (miFnTiCnv) (an;iTcinv) (widFe-Lsinv)
BRAF K601E mutation '
DICER1 mutation

EIF1AX mutation O O @ @
PTEN mutation

?
PAX8::PPARG fusion
THADA fUSIOnS NIFTP WDT-UMP Invasivepinp(fgsulated

Ohori NP and Nishino M. Adv Anat Pathol 2022.

RAS-like tumors

H/N/KRAS mutation
BRAF K601E mutation
DICER1 mutation
EIF1IAX mutation
PTEN mutation
PAX8::PPARG fusion
THADA fusions

licular adenoma £

RAS & EIF1AX mutated |
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H/N/KRAS mutation
BRAF K601E mutation
DICER1 mutation
EIF1IAX mutation
PTEN mutation
PAX8::PPARG fusion
THADA fusions

H/N/KRAS mutation
BRAF K601E mutation
DICER1 mutation
EIF1IAX mutation
PTEN mutation
PAX8::PPARG fusion
THADA fusions

Follicular carcinoma
PAX8::PPARG fusion
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RAS-like tumors

H/N/KRAS mutation
BRAF K601E mutation
DICER1 mutation

EIFIAX mutation

PTEN mutation
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RAS-like tumors

H/N/KRAS mutation | «

BRAF K601E mutation
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BRAFV600E_|ike vs RAS-like tumors
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Tumor genotype is associated with phenotype

BRAF K60O1E

BRAF V600E DICERI mut. RAS mut.
BRAF fusions ALK fusions THADA fusions EIF1IAX mut. mtDNA mut.
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Objectives

2. Purpose of molecular testing

FNA helps risk-stratify thyroid nodules

Diagnostic / therapeutic
surgery

Fine needle
aspiration biopsy

\ Clinical follow-up
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Risk of malignancy _

Risk of structural

disease recurrence
types of “risk” Y,

A { Bethesda System and Risk of Malignancy J
. . Risk of CA or Suggested
FNA Diagnosis NIFTP (%) Management
I. Nondiagnostic 5-10 Repeat FNA with U/S
Il. Benign 0-3 Clinical & U/S surveillance
lll. Atypia of Undetermined Significance 10-30 REpelat FNA, MT, or
obectomy
IV. Follicular Neoplasm / Oncocytic Neoplasm 25-40 MT or lobectomy
. . . Lobectomy or total
V. Suspicious for Malignancy 50-75 thyroidectomy
. Lobectomy or total
VI. Malignant 97-99 thyroidectomy

Baloch ZW et al. “Overview of Diagnostic Terminology and Reporting” In: S. Ali and E. Cibas (Eds.) TBSRTC 2" Edition, 2018.




High Risk
Gross extrathyroidal extension, incomplete
tumor resection, distant metastasis, or
lymph node >3 cm

Intermediate Risk
Aggressive histology, minor extrathyrgidal
extension, vascular invasion, or > 5 .
involved lymph nodes (0.2-3 cm)

Low Risk

(in patients without structurally identifiable disease after initial therapy)

Intrathyroidal DTC
<5 LN micrometastasig(< 0.
E Risk of Structural Disease Recurrence

Haugen BR et al. 2015 ATA Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid (2016).

Cytopathology Management Considerations

Total
thyroidectomy

Surgical
referral

| MALIGNANT | 4

(& Suspicious for Malignancy)

Lobectomy

uO!lBleEJlS )Siy aseasig

FNA Biopsy

Ly BENIGN } >[ Observation / Surveillance Jv

Nishino M et al. Figure prepared for “Molecular and Other Ancillary Tests”, TBSRTC 3" Ed (2023).




Cytopathology Management Considerations

Total
thyroidectomy

& MALIGNANT } »( Surgical

(& Suspicious for Malignancy) referral

> AUs N ]15-30%

FNA Biopsy

Lobectomy

Nishino M et al. Figure prepared for “Molecular and Other Ancillary Tests”, TBSRTC 3" Ed (2023).

-}[ BENIGN ] >[ Observation / Surveillance Jv

UO!lEleEJlS )siy aseasig

Cytopathology Management Considerations

Cancer risk of

Total
thyroidectomy

4 Surgical
referral

10-30% for AUS
Oo

o}

»(  AUS,FN —>

/
\

Cancer risk of

Lobectomy

25-40% for FN

Observation / Surveillance Jv

Nishino M et al. Figure prepared for “Molecular and Other Ancillary Tests”, TBSRTC 3" Ed (2023).
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Cytopathology Molecular Testing Management Considerations

Total
thyroidectomy

& MALIGNANT } »( Surgical

(& Suspicious for Malignancy) referral

Lobectomy

Molecular
testing

uO!lEleEJlS )siy aseasig

»(  AUS,FN

FNA Biopsy

-}[ BENIGN ] >[ Observation / Surveillance Jv

Nishino M et al. Figure prepared for “Molecular and Other Ancillary Tests”, TBSRTC 3" Ed (2023).
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Molecular tests help risk-stratify
cytologically indeterminate nodules

<

DI

e )
High probability for malignancy
(Consider lobectomy vs total

thyroidectom
L yroi y) )

s ™
Intermediate probability

A
INDETERMINATE
CYTOLOGY

)

(AUS, FN

Molecular test

Nishino M, Bellevicine C, Baloch Z. J. Mol Pathol 2021, 2(2):135-146.

(Consider lobectomy)
- J/

~ R
Low probability for malignancy

(Risk of malignancy <5%,

safe to follow clinicall
. ) y,

Molecular tests for cytologically
indeterminate thyroid nodules in the USA

* ThyroSeq GC (upMC / Sonic Healthcare USA)
¢ ThyGENEXT / ThyraMIR (Interpace Diagnostics)

 Afirma GSC (Veracyte)
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Broad approaches to molecular testing for thyroid FNAs

— ! !
o nucleus — | cytoplasm
- ~_ |
.. N microRNA !
Transcription MM :
N\ |
I LY 1
— ¥ i
I £y |
i T |
I |
| \ | mRNA
| Transcription > AT
T |
| | |
Testing Driver mutation / Expression pattern of | Expression pattern of | Expression pattern of
approach gene fusion panel panel of microRNAs panel of mMRNAs various proteins
Method DNA & R.NA RT-PCR RNA-Seq Immunocytochemistry
Sequencing
Exambles ThyGeNEXT, Antibodies to BRAF
£t s ThyroSeaq, ThyraMIR Afirma GSC VE1, HBME1, CK19,
ortests Afirma Xpression Atlas Galectin-3, CITED-1)

Nishino M. “Molecular Diagnostics in Thyroid Cytology” In: Roy-Chowdhuri, VanderLaan, Stewart, & da Cunha Santos (Eds.) Molecular Diagnostics in Cytopathology (2019).

Broad approaches to molecular testing for thyroid FNAs

nucleus

Genotyping
= s approaches

Method DNA & R.NA
Sequencing
ThyGeNEXT,

Examples ThvroSe

of tests v g,

Afirma Xpression Atlas

Nishino M. “Molecular Diagnostics in Thyroid Cytology” In: Roy-Chowdhuri, VanderLaan, Stewart, & da Cunha Santos (Eds.) Molecular Diagnostics in Cytopathology (2019).




Tumor genotype is associated with phenotype

BRAF K601E

BRAF V600E DICERT mut. RAS mut.
BRAF fusions ALK fusions THADA fusions EIFIAX mut. miDNA mut.
RET fusions NTRK fusions PPARG fusions PTEN mut. Chrom. CNA
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of adverse outcomes

Early mutation/fusion panels

Indeterminate cytology

(AUS or FN) — BRAFVGO00E ™} ( High )
— RET-PTC1/3 risk
—> BRAFKEO1E ™% [ h
—> (H/K/N)RAS Mid
of small panel of

genes for Nofusionsor .} \_ )
alterations & mutations

fusions

é Targeted analysis [—> PAX8-PPARG ‘ risk

Even if these 7 genes are normal (no fusions nor

mutations), there is a residual ~15% cancer risk.
Not ideal for “ruling out” cancer.




How can we improve the NPV of the
driver mutation/fusion panel?

ThyGeNEXT / ThyraMIR ThyroSeq
Combines the mutation / fusion Vastly broadens the mutation /
panel with a 10-miRNA expression  fusion panel to increase the
classifier with high NPV sensitivity of the test

ThyroSeq




ThyroSeq v3

AcGr1 oHL sicsas
AGK oH2 SND1
: : : . -
Apc KAAL217 i
Tests for oncogenic alterations in thyroid FNAs
scia11 FsB srai
O
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ThyroSeq v2 Soe! sl
BRAF AKTH BRAF AKT1
NRAS CTNNB1 NRAS CTNNB1
HRAS PIK3CA HRAS PIK3CA
KRAS PTEN KRAS PTEN
RET TP53 RET TP53
TSHR TERT TSHR TERT
GNAS EIF1AX GNAS EIF1AX
ThyroSeq
RET-PTC1 RET-PTC1
BRAF GNAS RET-PTC3 RET-PTC3
NRAS AKT1 PAX8/PPARy PAX8/PPARy
HRAS CTNNB1 NTRK1 rearr. NTRK1 rearr.
KRAS PIK3CA ALK rearr. ALK rearr.
BRAF HRAS RET PTEN BRAF rearr. BRAF rearr.
NRAS KRAS TSHR TP53 BRAF/AKAP9 BRAF/AKAP9
ETV6-NTRK3 ETV6-NTRK3
RET-PTC1 RET-PTC1 CREB3L2/PPARy CREB3L2/PPARy
RET-PTC3 RET-PTC3 RET — other rearr. RET — other rearr.
PAX8/PPARy PAX8/PPARy Other rearr. Other rearr.
2009 - 2011 2013 2014 2018
7 genes 15 genes 56 genes 112 genes

Nikiforova MN et al. Cancer. 2018 Apr 15;124(8):1682-1690. doi: 10.1002/cncr.31245

ThyroSeq v3

* Targeted high-throughput sequencing of
DNA and RNA

* 112 genesanalyzed for 12,135 single-nucleotide
variants and insertions/deletions.

* 120+ gene fusions.
* Gene expression alterations of 19 genes.

e Copy number alterations in 10 genomic regions

Nikiforova MN et al. Cancer. 2018 Apr 15;124(8):1682-1690. doi: 10.1002/cncr.31245




ThyroSeq v3

Indeterminate cytology

-
(AUS or FN)
r’@ ac T arabie
Exclude medullary — estimates of
* carcinoma, 7 tumor _
parathyroid, —> type and
metastasis L, car_wcer
Ensure adequate risk .
b Mid
follicular cell - .
T Genomlc — risk
Scores samples based > Neagative LO\:\(I I
Nishino M and Nikiforova M. Arch Pathol Lab Med (2018). on detected alterations g rs
ThyroSeq v3 validation: Steward D...Nikiforov Y. JAMA Oncology (2018). ~3% risk

*Analytic validation of smear slides for ThyroSeq v3: Nikiforova M...Baloch Z. Cancer Cytopathol (2020).

How can we improve the NPV of the
driver mutation/fusion panel?

ThyGeNEXT / ThyraMIR

Combines the mutation / fusion
panel with a 10-miRNA expression
classifier with high NPV




ThyGeNEXT /
ThyraMIR

ThyGeNEXT / ThyraMIR

—> BRAFV600E
Indeterminate cytology |, RET-PTC1/3

(AUS or FN) | TERT

|, ALK fusions;
NTRK fusions

Other alterations =~ Mid
H 1
: - .
ALK, BRAFK60TE, i risk
H/K/NRAS, . o
DNA & Mutation / fusion PIK3CA, GNAS, 19 m'_“ NA ofigff;:r‘ziii”;f: a
analysis — g ;i’/\_[ rg‘g:gg‘ﬁ IValassifier > O gggﬁlt}‘/pe afr_}d/or
H BM/ m
‘ RNA- ‘ (ThyGeNEXT) THADA fusioné i (FhyraMIR) e prote
Seq . Low
No fusions or H ~p )
mutations risk

~3-5% risk
Nishino M and Nikiforova M. Arch Pathol Lab Med (2018).
ThyGeNEXT/ThyraMIR validation: Lupo MA et al. Diagn Cytopathol (2020).




Broad approaches to molecular testing for thyroid FNAs

T

L nucleus ———__

~ ™

Testing Driver mutation /
approach gene fusion panel
DNA & RNA
Method Sequencing
Examples ThyGeNEX],
of tests Thyroseq,
Afirma Xpression Atlas

Broad approaches to molecular testing for thyroid FNAs

Gene-expression approaches

i mRNA
|
|
|
3 STt
. Rty gl Al
Transcription gy T
3 AT M T
Testing 5 Expression pattern of
approach 3 panel of mMRNAs
|
|
Method i RNA-Seq
|
i
Examples 1
} Afirma GSC
of tests ;
1




Afirma GSC

Afirma Gene Sequencing Classifier (GSC)

Platform High-throughput sequencing of RNA (RNA-Seq)

Measures expression
pattern of . . . 1, 1 15 “core” genes
(10,196 genes analyzed overall)

Analysis by . . .
Machine-learning algorithms that classify

samples in a binary manner: “Benign” vs. “Suspicious”




Afirma Gene Sequencing Classifier (GSC)

Indeterminate cytology
(AUS or FN)

= L7C )/
s

N

Nishino M and Nikiforova M. Arch Pathol Lab Med (2018).
Afirma GSC validation: Patel KN et al. JAMA Surgery (2018)

Check for markers *
specific for cancer

Ensure sufficient
follicular cell
content; exclude

L parathyroid
é .RNA- ‘

Malignancy Classifiers
Afirma MTC(+) High
risk

Afirma BRAF(+)
RET-PTC1/3(+) ~100% risk

GSC-Suspicious ([ Mid
r (& negative for Afirma risk

I l GSC Malignancy Classifiers) ~50% risk

fL— 1
L GSC-Benign ow

risk |

~4% risk

Afirma’s RNA sequencing provides
expression and sequence data

Sequencing data

Point mutation
1 I I |

Insertion/Deletion

IIIIIIIII?(?(?(?(?(IIIII

Generearrangements
I e o v |

761 variants (including BRAF mutations)
130 fusions (including RET-PTC1/3%*)

Xpression Atlas

*High specificity for cancer & part of the “Afirma Malignancy Classifiers”
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ThyGeNEXT/
ThyraMIR

" |High NPV

- to “rule out” cancer

Combined testing
approaches (genotyping,
expression profiling)

Multiple tiers of risk
stratification

Similar information to
guide management

. |decisions

Case Study




70s / M

L thyroid nodule

Incidentally found on PET

imaging for lung nodule.

U/S: 1.3 cm, hypoechoic, solid

FNA & ThyroSeq testing

Follicular Neoplasm,
Oncocytic Type
(Bethesda IV)

THYROSEQ® V3 GC RESULTS SUMMARY
LEFT MID THYROID FNA

Test Result

POSITIVE Intermediate-high (~80%) ||Surgical excision *
*See inferpretation below for details

INTERPRETATION

+ TP53 mutation and chromosomal copy number alterations were ientified in this sample.

This molecular signature is associated with ~80% probability of cancer, more often Hurthle cell
!Onl:ol:ﬂlc! carcinoma, whereas the rest of the noduies are expected to be follicular adenomas.

In a setting of cancer, TP53 mutations are associated with ai‘ngh risk for disease recurrence, I

Correlation of the test result with imaging and other clinical data is recommended to define the most
appropriate patient management.

Patient management decisions must be based on the independent medical judgment of the treating
physician. Molecular test results should be taken into consideration in conjunction with all relevant
imaging and clinical findings, patient and family history, as well as patient preference.




Cytopathology Molecular Testing Management Considerations

=r - L Risk of structural disease Total
H I G H recurrence thyroidectomy

Surgical |
referral
Lobectomy

Prabability of cancer
{oncocytic carcinoma

UONEIIIIEIIS STy

-  AUS,FN

FNA Biopsy

Observation / Surveillance

Total thyroidectomy: -~ POOrly differentiated thyroid carcinoma

> R

Total thyroidectomy




Total thyroidectomy: -~ POOrly differentiated thyroid carcinoma




Total thyroidectomy: -~ POOrly differentiated thyroid carcinoma




POORLY DIFFERENTIATED CARCINOMA,
arising from oncocytic carcinoma (1.1 cm).
* Margins positive.
* Perineural invasion present.
* Lymphovascular invasion present.

Disease recurrence

Total thyroidectomy: M Lung nodules Lung biopsy:
Poorly diff thyroid CA on serial imaging Metastatic PDTC
> @ years : > a
Radioactive Nserum

iodine thyroglobulin




Emerging roles for
molecular testing in
thyroid FNA specimens

Emerging™ uses for thyroid FNA molecular testing

Prognostication of tumors
T based on molecular profiles

Tumor genotype is associated with phenotype

. = & & - g
r il ‘ .
<
Prognostic ~
) bl et

*for FNAs classified as Bethesda V or VI




Emerging™ uses for thyroid FNA molecular testing

Therapeutic

Systemic therapies or clinical trials
tailored to molecular profile

Q  BRAFV600E | [ Dabrafenib

© RAS mutation | | Selumetinib, Trametinib

O mTOR mutation ]—[ Everolimus

© RET fusion || selpercatinib, Praseltinib

Q NTRK fusion ] { Larotrectinib, Repotrectinib, Entrectinib

Q ALK fusion ]—[ Crizotinib, Repotrectinib, Entrectinib

Q ROS1 fusion ]—[ Repotrectinib, Entrectinib

— I J L _J_J

*for FNAs classified as Bethesda V or VI

Emerging™ uses for thyroid FNA molecular testing

Hereditary

(Incidental) identification of
germline mutations suggestive of
hereditary cancer syndromes

O RET ] [ Multiple Endocrine Neoplasia Type 2 ]
Q PTEN ] [ Cowden Syndrome ]
Q APC ] [ Familial Adenomatous Polyposis ]
©  PRKARIA | [ carney Complex )
Q DICER1 ] [ DICER1 Syndrome ]

*for FNAs classified as Bethesda V or VI




Current and emerging™* uses for
thyroid FNA molecular testing

Diagnostic
Risk of cancer / NIFTP
Tumor type

Cytopathology Molecular Testing Management Considerations

Targeted Rx

MT for actionable

\lonce mutations & predictive
\s'\“\o «C ,/" biomarkers
ot L7
&&&50«('/ Total
® e thyroidectomy
I’ .

Surgical

& MALIGNANT } >[ o
(& Suspicious for Malignancy) referra

Lobectomy

MT for diagnostic
and prognostic
purposes

UOI1DYIIEIIS YSIY SSeasia

»(  AUS,FN

FNA Biopsy

-}[ BENIGN ] >[ Observation / Surveillance Jv

Nishino M et al. Figure prepared for “Molecular and Other Ancillary Tests”, TBSRTC 3™ Ed (2023).
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| | Key molecular changes

Purpose of molecular testing

Testing platforms




