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Thyroid cancer risk stratification

Risk of Structural Disease Recurrence
(In patients without structurally identifiable disease after initial therapy)

FTC, extensive vascular invasion (= 30-55%)
pT4a gross ETE (= 30-40%)
pN1 with extranodal extension, >3 LN involved (= 40%)

High Risk
p gh SISk | PTC, >1 em, TERT mutated + BRAF mutated* (>40%)
ross extrathyroidal extension,
incomplete tumor resection, distant metastases, pN1, any LN >3 c¢cm (* 30%)
or lymph node >3cm PTC, extrathyroidal, BRAF mutated* (= 10-40%)
PTC, vascular invasion (= 15-30%)
Intermediate Risk Clinical N1 (=20%)
Aggressive histology, minor extrathyroidal pN1.> 5 LN involved (=20%)

extension, vascular invasion,

or > 5 involved lymph nodes (0.2-3 cm) |Intrathyr0idal PTC, <4 cm, BRAF mutated* (:10%)

p13 minor ETE (= 3-8%)

Low Risk pN1,allLN < 0.2 cm (=5%)
Intrathyroidal DTC pN1, <5 LN involved (=5%)
<5 LN micrometastases (< 0.2 cm) Intrathyroidal PTC, 2-4 cm (% 5%)

Multifocal PMC (= 4-6%)

pN1 without extranodal extension, < 3 LN involved (2%)

Minimally invasive FTC (= 2-3%)

Intrathyroidal, < 4 cm, BRAF wild type* (= 1-2%)
|Intrathyroidal unifocal PTMC, BRAF mutated*, (= 1-2%)

Intrathyroidal, encapsulated, FV-PTC (=1-2%)

Unifocal PMC (= 1-2%)

Haugen BR et al. Thyroid. 2016, 26:1-133



Molecular Markers of Cancer Risk

« Can molecular markers provide robust risk stratification
of thyroid cancer independent on pathology?

« Can this be achieved preoperatively?



TERT Promoter Mutation as an Early Genetic Event
Activating Telomerase in Follicular Thyroid Adenoma (FTA)
and Atypical FTA

Na Wang, MD'; Tiantian Liu, MD?; Anastasios Sofiadis, MD, PhD"; C. Christofer Juhlin, MD, PhD"; Jan Zedenius, MD, PhD>%:

Anders H68g, MD, PhD'; Catharina Larsson, MD, PhD'; and Dawei Xu, MD, PhD?

TABLE 1. Mutations and Follow-Up for the 58 Patients With a Primary FTA

Mutation Follow-Up
Case TERT RAS Age at Sax Primary Disease Patient Time, Final
Mo. Promoter Gene Diagnosis, y MIF) Tumor Recurrence Qutcome mo Diagnosis
FTA-1 wt 55 F FTA no owWoD 172 FTA
FTA-2 wi 40 F FTA na AWOD e FTA
FTA-3 wi 52 M FTA no owWoD a7 FTA
FTA-4 wt 32 F FTA no AWOD 4 FTA
FTA-5 wi 46 F FTA ne AWOD b b FTA
FTA-6 wi 40 M FTA no DwWoD 217 FTA
FTA-T wt 46 M FTA na AWOD a9 FTA
FTA-B wt 50 F FTA no ANWOD a09 FTA
FTA-G wt 25 M _ _ _ _
ot e & E TABLE 1. Mutations and Follow-Up for the 58 Patients With a Primary FTA
g S » "
s w - ; Mutation Follow-Up
FTA-16 wt 62 F
FTA-1T wit 43 M
FTA-18 wt 54 F
FTA-19 wi 48 M o . . . N
BB M i ;g : Case TERT RAS Age at Sex Primary Disease Patient Time, Final
No. Promoter Gene Diagnosis, vy (M/F) Tumor Recurrence QOutcome mo Diagnosis
_— — g e ——
a2t ( coosT  NRASQSIR ) 69 F C_m yes, FTC DOD 250 Frc_D)

v

Wang N, et al. Cancer. 2014;120:2965-79



Molecular Markers of Cancer Risk
Early years - BRAF

All Variants of PTC included Conventional PTC Only All Variants of PTC included
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Molecular Markers of Cancer Risk
Early years - BRAF

N ORIGINAL CONTRIBUTION

Association Between BRAF V600E Mutation and
Mortality in Patients With Papillary Thyroid Cancer

Mingzhao Xing. MD, PhD

Importance BRAFVBOOEis a prominent oncogene in papillary thyroid cancer (PTC),

Ali S. Alzahrani, MD but its role in PTC-related patient mortality has not been established.

Kathryn A. Carson., SeM Objective To investigate the relationship between BRAF V600E mutation and PTC-

David Viola, MD related mortality.

Rossella Elisei, MD Design, Setting, and_Particip_ant: Retrospective study of_ 1849 patients (1411
- women and 438 men) with a median age of 46 years (interquartile range, 34-58 years)

Bela Bendlova, PhD and an overall median follow-up time of 33 months (interquartile range, 13-67 months)

Linwah Yip, MD after initial treatment at 13 centers in 7 countries between 1978 and 2011.

Main Outcomes and Measures Patient deaths specifically caused by PTC.

Results Overall, mortality was 5.3% (45/845; 95% Cl, 3.9%-7.1%) vs 1.1% {11/
1004; 95% Cl, 0.5%-2.0%) (F=.001) in BERAF V600E—positive vs mutation-
negative patients. Deaths per 1000 person-years in the analysis of all PTC were 12.87
(95% Cl, 9.61-17.24) vs 2.52 (95% Cl, 1.40-4.55) in BRAF VeDOE—positive vs mutation-
negative patients; the hazard ratio (HR) was 2.66 (95% Cl, 1.30-5.43) after adjust-
ment for age at diagnosis, sex, and medical center. Deaths per 1000 person-years in
the analysis of the conventional variant of PTC were 11.80 (95% Cl, 8.39-16.60) vs
2.25(95% Cl, 1.01-5.00) in BRAF V600E—positive vs mutation-negative patients; the
adjusted HR was 3.53 (95% Cl, 1.25-9.98). When lymph node metastasis, extrathy-
roidal invasion, and distant metastasis were also included in the model, the associa-
tion of BRAF V6&0DOE with mortality for all PTC was no longer significant (HR, 1.21;
95% Cl, 0.53-2.76). A higher ERAF V600E-associated patient mortality was also ob-
served in several clinicopathological subcategories, but statistical significance was lost
with adjustment for patient age, sex, and medical center. For example, in patients with
lymph node metastasis, the deaths per 1000 person-years were 26.26 (95% Cl, 19.18-
35.94) vs 5.93 (95% CI, 2.96-11.86) in BRAF VE00E—positive vs mutation-negative
patients (unadjusted HR, 4.43 [95% CI, 2.06-9.51]; adjusted HR, 1.46 [95% CI, 0.62-
3.47]). In patients with distant tumor metastasis, deaths per 1000 person-years were
87.72 (95% Cl, 62.68-122.77) vs 32.28 (95% CI, 16.14-64.55) in BERAF Ve0D0E-
positive vs mutation-negative patients (unadjusted HR, 2.63 [95% CI, 1.21-5.72]; ad-
justed HR, 0.84 [95% CI, 0.27-2.62]).

Conclusions and Relevance |n this retrospective multicenter study, the presence of
the BRAF WVB00E mutation was significantly associated with increased cancer-related mor-
tality among patients with PTC. Because overall mortality in PTC is low and the associa-
tion was not independent of tumor features, how to use BRAF WV600E to manage mor-
tality risk in patients with PTC is unclear. These findings support further investigation of
the prognostic and therapeutic implications of BRAF W6&0OE status in PTC.

JAMA. 2013:309(14):1493-1501 www.jama.com

JAMA, April 10, 2013—Vol 309, No. 14



Molecular Markers of Cancer Risk
More knowledge

Tumor Genotype Determines Phenotype and Disease-related Outcomes in
Thyroid Cancer: A Study of 1510 Patients

1510 patients, 97% with PTC
Excised tumors tested for 7
common mutations

70% of tumors found
mutation-positive

Mean follow-up 33 £ 21.2
months with PTC

Disease Free Survival

100+

BRAF K601E
PAX8/PPAR, .
_______ e Y ] Low risk
""""""""" s GRAFVGO0E _
"""""""" TP Intermediate
risk
0 ' . ' r .
0 20 40 60 80 100

Months

Yip et al. Ann Surg 262:519-25 (2015)
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Molecular Markers of Cancer Risk in DTC
TERT mutations

DTC, n=469

TERT wt

TERT mut

p<0.001

T
o

Follow-up (years)

Melo M et al. JCEM (2014)
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Survival (probability)

- Low
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DTC, n=551

1.0

Disease-Free
Survival (probability)

T T T T
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Follow-up Time (years)

Stage IV, TERT(-)

Stage IlI-IV, TERT(+)

Song YS et al. Cancer (2016)
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Molecular Markers of Cancer Risk in DTC
Current stage

- DTC, n=551
1.0 PTC, n=507 1.0y RAS <«  Lowe-risk tumors
= bl . F B S Intermediate-risk
o £ 208 L__ tumors
52 o6 38 TERT
e 2 U 8 0.6
S = 25
S © 0.4-4 o RAS+TERT . .
S 2 BRAF+TERT 8T o <—— High-risk tumors
e S == No mutation o E BRAF+TERT
) 0.2+ == BRAFV600E only =
TERT C228T only | N 4o
== BRAF and TERT mutations
0 3 6 9 12 15
) 0.0 T T T T
Duration of Follow-Up (years) 0 5 10 15 20

Follow-up Time (years)

Xing M et al. JCO (2014) Song YS et al. Cancer (2016)



Molecular Markers of Cancer Risk in PTC
Current stage

PTC, n=388, 19 sites (TCGA study)
100-r§|Lg

. i BRAF or RAS alone
i}lTERT Only CTTRNNT I TR S P pali |
_

I"‘L Log_rank P<0.0001

50
_______________
== noTERT_noBRAF/RAS
=Il.= noTERT_BRAF/RAS
++sk.« TERT_noBRAF/RAS

0 —4+- TERT_BRAF/RAS
T T

0 5 1I0 15
Years elapsed

TERT+BRAF/RAS

Recurrence rate=52%

HR=8.17 (95% CI 3-22)

HR adjusted=14.71 (95% CI 3-78)

Recumentfree survival

Shen X et al. ERC (2017)



Molecular Markers of Cancer Risk in PTC
Survival

JAMA Oncology | Original Investigation

Mortality Risk Stratification by Combining BRAF V60OE
and TERT Promoter Mutations in Papillary Thyroid Cancer
Genetic Duet of BRAF and TERT Promoter Mutations

in Thyroid Cancer Mortality

Fengyun Liu, PhD: Justin Bishep, MD: Guangwu Zhu, BS; Tao Zhang. PhD: Paul W. Ladensen, MD: Mingzhao Xing, MD, PhD

All patients with PTC

80+

%

Patient Survival, 2

60+

Adjusted RR 9.34 (2.53-34.48)

20+

P<.001 by log-rank test

No mutation

BRAF mutation only
TERT mutation only
BRAF and TERT mutation

5 10 15 20
Years



Molecular Markers of Cancer Risk

SYSTEMATIC REVIEW

®

it

The Coexistence of Genetic
Mutations in Thyroid Carcinoma
Predicts Histopathological Factors
Associated With a Poor Prognosis:
A Systematic Review and Network
Meta-Analysis

Ling Zhao "', Lin Wang "', Xiaomeng Jia', Xiaodong Hu', Ping Pang”, Sitong Zhao ',
Yajing Wang', Jing Wang”, Yingshi Zhang®" and Zhachui Lyu™"

Front Oncol. 2020

* Meta-analysis of 27 studies
reporting 8,388 TC patients

TABLE 2 | Network meta-analysis results for the outcomes in thyroid carcinoma.

Qutcomes Molecular markers Mutations type OR(95% Crl)
Primary outcomes Lymph node metastasis Coexistent mutations BRAFVS9E  TERT 1.62 (0.97,2.70)
TERT+RAS 1.38 (0.14,13.61)
BRAFY"€,RET/PTC 3.91 (0.37,41.10)
BRAFYP00F , CHEK2 1.08 (0.18,6.33)
Single mutation BRAFVE00E 1.24 (0.80,1.93)
TERT 0.88 (0.46,1.68)
RAS 0.37 (0.08,1.79)
RET/PTC 18.21 (0.44,748.49)
CHEKD 1721027 11 50\
Distant metastasis Coexistent mutations BRAFV™ v TERT 7.86 (3.46,17.84)"
TERTTRAS 39.84 (5.23,308.73] |

Secondary outcomes

Single mutation

BRAF — THET/PTC
BRAFVS0E L CHEK2
B RAF-A;F(?F

5302 (1.37.2123.33)
86.43 (0.09,78676.88)
0.67 (0.29,1.58)

| TERT 6.56 (2.24,19.23)° |
RAS 3.54 (0.60,21.00)
RET/PTC 36.16 (0.25,5177.90)
CHEK2_ 6.34 (0.06.680.43)
Tumor recurrence Coexistent mutations BRAFY"™E L TERT 7.21 (3.59,14.47)
TERT+RAS 92.47 (0.08,106876.03)
Single mutation BRAFY5%%€ 1.58 (0.91,2.77)
| TERT 2.67 (1.00,7.15)° |
RAS 43.64 (0.04,47930.52)
CHEK2 4451 0037051905
Mortality Coexistent mutations BRAFVS%E L TERT 9.00 (3.03,26.74)"
TERT+RAS 29.85 (2.36,378.42)"
BRAF " tCHEK2 95.18 (0.04,225087.43)
Single mutation BRAFYE00E 0.85 (0.29.2.46)
| rerr 3.54 (0.87,14.36) |
RAS 3.69 (0.02,610.95)
CHEK2 88.08 (0.04,209091.33)

*significant difference.
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Hurthle cell carcinomas

Age<ds Recur Phenotype
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8 n
= m—— -
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UL, - - - O 32(y 5(y 2345678 91011213
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TERT eI T W T T TERT
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ATRX t
Palysomic/complex Copy number type
Haploid WCD chromosome 7
Diploid Major LOH from UPD or haploidy
Indeterminate

Ganly et al. Cancer Cell 2018



High-risk Hurthle cell carcinomas

TP53 mutations observed more often in widely-invasive vs minimally-

invasive HCC (p=0.04)

15 .

10

. . . 1 N

= Syn.
@ Non syn.

No. mut./Mb

poE0OEBDEOD

Recurrent mutation (= 3 in COSMIC)
NA

WT

Missense O Frameshift
Splice site O |n frame indel
Nonsense 3 tRNA
C228T @ C250T
PAX8-PPARY m TERT gain
MIP o wiP
Adenoma O Primary NA

DAXX

IP53

<4

NRAS

NF1
CDKN1A
ARHGAP35

0.0 1.5 3.0
-log10(g-value)
BRAF
EIFTAX
MTOR
HERC2
TSHR
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ARHGEF3
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NFE2L2
ATM |l p53reafsia

Gopal et al. Cancer Cell 2018

Thyroid cancer genes




Cancer risk stratification using molecular markers

Risk of Structural Disease Recurrence

(In patients without structurally identifiable disease after initial therapy) Genetic Profile

FTC, extensive vascular invasion (= 30-55%)

pT4a gross ETE (= 30-40%) BRAF+TERT, RAS+TERT
pN1 with extranodal extension, >3 LN involved (= 40%) Multiple driver mutations

High Risk
Gross extrathyroidal extension, PTC,>1 cm, TERT mutated + BRAF mutated* (>30%) (eg. NRAS and PIK3CA or TP53)
incomplete tumor resection, distant metastases, pN1, any LN > 3 cm (= 30%)
or lymph node >3cm PTC, extrathyroidal, BRAF mutated* (= 10-40%) TERT
PTC, vascular invasion (= 15-30%)
Intermediate Risk Clinical N1 (=20%) ALK fusions
Aggressive histology, minor extrathyroidal pN1, > 5 LN involved (20%) .
ion, lar invasion, .
or >§xit,f:,f;::d }f,i;‘;,l:;;e‘;a;;‘o;_ 3 em) Intrathyroidal PTC, < 4 cm, BRAF mutated* (<10%) NTRK1 f u51.ons
pT3 minor ETE (= 3-8%) NTRK3 fusions |_ BRAF V600E-
Low Risk pN1, allLN < 0.2 cm (=5%) BRAF V. E like mutations
Intrathyroidal DTC pN1, <5 LN involved (=5%) 600
< 5 LN micrometastases (< 0.2 cm) Intrathyroidal PTC, 2-4 cm (= 5%) RET/PTC
Multifocal PMC (= 4-6%) -
pN1 without extranodal extension, <3 LN involved (2%) RAS
Minimally invasive FTC (= 2-3%)
Intrathyroidal, < 4 cm, BRAF wild type* (= 1-2%) BRAF K601E RAS-like
4 . * (=~ 129 .
Intrathyroidal unifocal PTMC, BRAF mutated*, (= 1-2%) PAX8/PPARG mutations

Intrathyroidal, encapsulated, FV-PTC (=1-2%)
Unifocal PMC (= 1-2%)

Haugen BR et al. Thyroid. 2016, 26:1-133



Cancer risk stratification using molecular markers

Original Article

Risk Assessment for Distant Metastasis in Differentiated
Thyroid Cancer Using Molecular Profiling: A Matched
Case-Control Study

Linwah Yip, MD “&' ; William E. Gooding, MS% Alyaksandr Nikitski, MD, PhD?; Abigail . Wald, PhD?; Sally E. Carty, MD";
Esra Karslioglu-French, MD* Raja R. Seethala, MD% Dan P. Zandberg, MD "' ; Robert L. Ferris, MD, PhD "2 &;
Marina N. Nikiforova, MD%; and Yuri E. Nikiforov, MD, PhD "2/ 3

« Case-control study

* 62 patients with DTC with distant mets

» Propensity matched cohort with DTC without distant mets
« Atleast 5 yrs follow-up

» ThyroSeq v3 targeted NGS panel (112 genes) to classify as high, intermediate, and low risk

Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.
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Cancer risk stratification using molecular markers

DTC with Distant Metastasis DTC without Distant Metastasis

Age, years

Sex

Histological Type
Histological Subtype

Age, years

Sex

Histological Type
Histological Subtype

<20 | 20-39 [j40-59 [eo-ra =78

Female Maln

PTC FTC
TCV Olhar Mia
-c 10 1139 =40

Size, cm Size, cm
BRAF 45.3% BRAF 29.1% Bvecoe
RAS 15.1% RAS 27.3% Riras Wnras  kras

RET fusions 11.3%
NTRK fusions  9.4%
PPARG fusions  1.9%
TERT  66%

TRP53 1.9%

PIK3CA  5.7%

Other mutations  5.7%
CNA 24 .5%

RET fusions 3.6%
NTRK fusions 3.6%
PPARG fusions 1.8%
TERT 14.5%

TP53  1.8%

PIK3CA 0%

Other mutations  20%
CNA 16.4%

Brererct Wowmer P RETPTCS
Brueaamricr Womermrrrr | ETvENTRKR

JeAXE-PPARG || CREB312-PPARG

Low-leval TERT (AF 4.6%)

Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.



Cancer risk stratification using molecular markers

TABLE 3. Distribution of Molecular Alterations in Patients With Distant Metastasis (Cases) Compared With
Propensity-Matched Controls

No. (%)

Molecular Alteration Cases, N =53 Controls, N = 55 OR 95% Cl Adjusted P
Molecular risk group

Low 12 28 (51) o

Intermediate 17 (32) 19 (35) P

High 35 (66) 8 (15)
TERT 35 (66) 8 (15) 11.42 4.46-29.27 <.0001
Late secondary hits: TERT, TP53, PIK3CA 35 (66) 8(15) 11.42 4.46-29.27 <.0001
Gene expression analysis 29 (55) 20 (36) 211 0.98-4.57 12
BRAF VE00E 24 (45) 16 (29) 2.02 0.91-4.46 1454
RAS 8 (15) 15 (27) 0.47 0.18-1.24 1795
RET fusions 6 (11) 2 (4) 3.38 0.65-17.58 1795
NTRK fusions 5 (9) 2(4) 2.76 0.51-14.90 24186
Copy number alterations 13 (25) 9 (16) 1.66 0.64-4.29 .2914

Abbreviation: OR, odds ratio.
The OR for the high-risk group relative to the intermediate-risk group was 25.1 (95% ClI, 3.07-204.4; P < .001).
®The OR for the high-risk group relative to the low-risk group was 122.5 (95% Cl, 14.5-1038.4; P < .001).

Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.



Cancer risk stratification using molecular markers

Prevalence-adjusted predicted probability of DM associated with molecular risk groups detected by ThyroSeq
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TSv3 Profile ink.Catagory
=== High Risk
=== [Madium Risk
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TSv3 Profile

Posterior Probability of Distant Metastasis
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(a8
s
u
.

Low Risk TSv3
Profile

0.0-

0.00 0.05 0.10 0.15 0.20
Prevalence of Distant Metastasis

Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.



Cancer risk stratification using molecular markers

Prevalence-adjusted predicted probability of DM associated with molecular risk groups detected by ThyroSeq
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Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.



Molecular Markers for Cancer Risk Stratification

Risk of Structural Disease Recurrence

(In patients without structurally identifiable disease after initial therapy) 5-year risk of distant

Genetic Profile

metastasis
FTC, extensive vascular invasion (= 30-55%)
e e BRAF+TERT, RAS+TERT o _
Hich Risk pN1 with extranodal extension, >3 LN involved (= 40%) Multiple driver mutations ngh'rISk prOfIIe
igh Ris
Gross extrathyroidal extension, PTC, >1 cm, TERT mutated + BRAF mutated* (>40%) (eg. NRAS and PIK3CA or TP53) (20'35%)
incomplete tumor resection, distant metastases, pN1, any LN >3 cm (= 30%)
or lymph node >3cm PTC, extrathyroidal, BRAF mutated* (= 10-40%) TERT
PTC, vascular invasion (= 15-30%)
Intermediate Risk Clinical N1 (=20%) ALK fusions
Aggressive histology, minor extrathyroidal pN1,> 5 LN involved (20%) NTRK1 I n te rmed iate-
extension, vascular invasion, i . i
or> 5 involved lymph nodes (0.2-3 em) Intrathyroidal PTC, <4 cm, BRAF mutated* (10%) fusions risk profile
pT3 minor ETE (= 3-8%) NTRK3 fusions |_ BRAF V600E-
Low Risk pN1, all LN <0.2 em (R5%) . . (5-10%)
v BRAF V600E like mutations
Intrathyroidal DTC pN1, <5 LN involved (=5%)
< 5 LN micrometastases (< 0.2 cm) Intrathyroidal PTC, 2-4 cm (= 5%) RET/PTC
Multifocal PMC (= 4-6%) -
pN1 without extranodal extension, <3 LN involved (2%) .
Minimally invasive FTC (= 2-3%) RAS Low-risk
Intrathyroidal, < 4 cm, BRAF wild type* (= 1-2%) BRAF K601E RAS-like profile
Intrathyroidal unifocal PTMC, BRAF mutated*, (= 1-2% .
y ®1-2%)  paAX8/PPARG mutations (<1%)

Intrathyroidal, encapsulated, FV-PTC (=1-2%)
Unifocal PMC (= 1-2%)

Yip L et al. Cancer (2021)

Haugen BR et al. Thyroid. 2016, 26:1-133



Does this work in FNA samples?

Endocrine Pathology
https://doi.org/10.1007/512022-020-09641-2

®

Correlation of ThyroSeq Results with Surgical Histopathology Check for
in Cytologically Indeterminate Thyroid Nodules

Patrick D. Chin' - Catherine Y. Zhu' - Dipti P. Sajed? - Gregory A. Fishbein? - Michael W. Yeh' - Angela M. Leung* -

Masha J. Livhits'

0 Design:

* 78 patients with Bethesda llI/IV nodules, positive
TSv2/TSv3 result and surgical outcome

0 Findings:
* TERT/TP53 and BRAF-like ThyroSeq mutations
were associated with increased cancer probability

and risk of recurrence defined by histopathologic
features

* RAS-like mutations were associated with lower
cancer probability and indolent disease

TERT/TP53 Combination Mutation Grou

TERT + NRAS Poorly differentiated CA intermediate
TERT + HRAS Follicular carcinoma low
TERT + BRAF V60O0E + PI3CA | PTC - classic high
TP53 + EIF1AX PTC - follicular low
'BRAF- like Group
PTC - follicular low
PTC - tall cell (2) Eahhieh
intermediate
BRAF VG00E (6) - -
intermediate
PTC - classic (3) low
low
RET/CCDCE fusion PTC - classic low
BRAF[AGK fusion PTC - classic low
RAS- like Group
Follicular carcinoma low
PTC - follicular (2) low
low
B low
NRAS (9) low
. low
PTC - classic ()
low
low
low
PTC - classic low
s s) PTC —follicular (2) L
low
KRAS PTC - classic low
EIF1IAX Follicular carcinoma low
NRAS + EIF1AX PTC - follicular low
PPARG/PAXS fusion Follicular carcinoma E3 low
Other
. PTC - classic low
Gene Expression Alt (2) - -
Follicular carcinoma low
Copy Number Alt PTC - classic intermediate

TERT promoter

Poorly differentiated CA

intermediate
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Does this work in FNA samples?

Endocrine Pathology
https://doi.org/10.1007/512022-020-09641-2

Cancer Types Histopathologic Features

Aggressive

Correlation of ThyroSeq Results with Surgical Histopathology
in Cytologically Indeterminate Thyroid Nodules

Patrick D. Chin' - Catherine Y. Zhu' - Dipti P. Sajed” - Gregory A. Fishbein? - Michael W. Yeh" - Angela M. Leung™* - gERﬁ:‘P b3
Masha J. Livhits' ombination
Mutations

O Conclusions:

* Individualized management, including extent of
surgery, should be considered based on specific
genetic alterations found in cytologically BRAF-like
. . . Mutations
indeterminate thyroid nodules

RAS-like
Mutations

Indolent

Chin PD et al. Endocr Pathol. 2020 Dec;31(4):377-384.



Are high-risk thyroid cancers large and clinically apparent?

MOLECULAR PROFILE AND CLINICAL OUTCOMES IN DIFFERENTIATED
THYROID CANCER PATIENTS PRESENTING WITH BONE METASTASIS

Nilma Malik, MD"; Alyaksandr V. Nikitski, MD, PhD? Elie Klam, MD?; Jason Hunt, MD*;
Benjamin Witt, MD% Barbara Chadwick, MD5; Yuri E. Nikiforov, MD, PhD?;
Devaprabu Abraham, MD, MRCP (UK)!

Malik N et al. Endocr Pract. 2019

Casenumber 3 8 1

= [

* 8 patients presented with symptomatic bone e

metastasis from unknown primary —
KRAS
* Bone biopsy — thyroid cancer -
* Thyroid surgery: 7 - follicular variant PTC; 1 - Py Number
tall cell variant PTC
* Primary tumor size 0.4-7.5 cm Diagnosis . pTC FV [JJj] PTC Tall Cell
Tumor size, cm r... <1 1-2.9 3-4 ->4
Gender Female Male

1-131 uptake Yes No




Molecular profiles of
test-positive nodules

Prospective double-blind
multicenter study

Bethesda IlI-V cytology with
surgical outcome

Primary outcome: accuracy of
detection of cancer+NIFTP

257 nodules
68 cancers/NIFTP

Table 3. Probability of Cancer/NIFTP in Specific Molecular Alteration Groups

Prevalence in

Histopathologic
Diagnosis, %

Molecular Test-Positive Cancer/ Cancer Type/
Group Alterations, No. Samples, No. (%) NIFTP Benign NIFTP (%)
High-risk TERT (and HRAS) (1) 2 (2) 100 0 Papillary carcinoma (50)
group TP53 (and MEN1) Follicular carcinoma (50)
(1)
BRAF-like BRAF V600E (9) 13 (12) 100 0 Classical papillary carcinoma
group NTRK3 fusions (2) (92)
RET fusions (1) Follicular variant papillary
BRAF fusions (1) carcinoma (8)
RAS-like NRAS (21) 60 (57) 62 38 Follicular variant papillary
group HRAS (18) carcinoma (22)
KKRAS (5) Papillary carcinoma, other
EIF1AX (5) variants (17)
BRAF K601E (3) NIFTP (15)
PTEN (1) Follicular carcinoma (3)
IDH2 (1) Huirthle cell carcinoma (5)
DICER1 (1)
PPARG fusions (4)
THADA fusions (4)
Copy humber Copy number 22 (21) 59 41 Hiirthle cell carcinoma (32)
alterations alterations Follicular variant papillary
group carcinoma (14)
Papillary carcinoma, other
variants (9)
NIFTP (5)
Gene expression  Gene expression 8 (8) 75 25 Classical papillary carcinoma

alterations
group

alterations

(37)

NIFTP (13)

Other cancers (MTC, mRCC)
(25)

Steward DL et al. JAMA Oncology (2018)
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Spectrum of genetic alterations in PTC (n=512)

34% BRAF V600E

5%
3%
12%
2%
1%

J| Point and indel mutations || Gene Fusions
l. Copy number alterations | No clinically significant alterations

"I‘ERT as a late ev‘f PTC

Nikitski A, Condello V, Wald A, Nikiforova M, Chiosea S, Nikiforov Y. ATA Abstract. Thyroid, Volume: 31 Issue S1: 2021
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Molecular Markers to Direct Extent of Thyroidectomy
Trial NCT02947035 PI: Lin Yip

2015 ATA Guidelines
Susp or Pos for PTC

Neck ultrasound w. no LLNM

]

Size <1 cm Size >4 cm, cT4
)
MT J
/\»
AS Lobev. TT TT + CND

HN SPORE: P50 CA097190-15



Summary

Abundant retrospective data on molecular markers
association with recurrence, distant mets, and survival

Rapidly increasing number of studies on cancer risk
stratification in FNA samples

Results of prospective trials pending



Thank you!






