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Outlines

Molecular classification based on early driver alterations:
BRAF-like, RAS-like, CNA-driven tumors

Impact of late driver mutations (TERT) on differentiation
Frequency of molecular groups

Genetic variability of primary and metastatic tumors
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Papillary Thyroid Carcinoma
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Figure 1. Landscape of Genomic Alterations in 402 Papillary Thyroid Carcinomas

The Cancer Genome Atlas Research Network. Cell 159:676-690 (2014)



BRAF-like and RAS-like Papillary Carcinomas
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BRAF-like and RAS-like PTC: Thyroid Differentiation
Markers

TDS

L1 1 Classical
prem—— |, 4 B
ERK Signature | i W TN gmcclglzé)
Histology O MACIS(6-7)
MACIS { 1| 1] ‘ \ \ 1| | B MACIS(7-8)
Risk | | 1T TN B RISKLow
BRAF V600E N iR gliigh
BRAF o‘gLe; B MutationE@ NTRK1/3
FUSION i B EAAF @ Oter
Arm_22q (L I | lIIIII] I Y | Y A O RET
TG : 1] ,
TPO III| l]II II|I lll ORI ELL |
SLC26A4 | Il | | |
SLC5A5 ‘ (L | III IIII Hl lII [ LSRR AL
s LR LA D i
DIO1 B |l I . |
DIO2
DUOX1 l
DUoX2 . | || | IR R
KIT* L LT | S 4] WL R
TFF3* ||| § lIIH:][uluu LIEI il
PVRL4* 0 I e IIIII-
FHLT* [l I |l HURTN BT | Wl
miR-21-5p* | LTI T T III \l (|
miR-204-5p* I‘I’ 1II|IIIIIIIII lI‘ IHIII’IIHIIIIII!II i I"Flll 'IHI Illllllll| o LR
miR-146b-3p** J (AL DRI ] |

i m|HNA
Log2(FC) -2 Log2(FC) 2

The Cancer Genome Atlas Research Network. Cell 159:676-690 (2014)



Follicular Thyroid Carcinoma
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BRAF-like tumors RAS-like tumors
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131]-Refractory Disease

A B C
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Mutational frequency of BRAF, RET/PTC, NRAS, HRAS, KRAS, AKT1, and PIK3CA in (A) 18
primary ATC, (B) 34 primary PDTC, and (C) 23 RAIR, FDG-PET-positive PDTC.

Ricarte-Filho JC et al. Cancer Res 2009;69:4885-93



TERT Promoter Mutation Predicts Radioiodine-Refractory
Character in Distant Metastatic Differentiated Thyroid
Cancer

Xue Yang', Jiao Li?, Xiaoyi Li*, Zhiyong Liang*, Wen Gao?, Jun Liang®, Shujun Cheng*', and Yansong Lin*?

!Department of Etiology and Carcinogenesis, National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing, China; >Department of Nuclear Medicine, Peking Union Medical College Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing, China; *Department of General Surgery, Peking Union
Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China; *Department of
Pathology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing, China; and *Department of Medical Oncology, Peking University Cancer Hospital and Institute, Beijing, China

mutation manifested a greater negative influence on radioiodine

Telomerase reverse transcriptase (TERT) promoter mutation has
been reported to be associated with aggressive characteristics in
differentiated thyroid cancer (DTC). This study examined the status
of TERT mutation in distant metastatic DTC and evaluated the cor-
relation between TERT mutation and radioiodine uptake, as well
as that between TERT mutation and therapy response. Methods:

uptake. TERT mutation could also be used as an early predictor of
radioiodine-refractory cases.

Key Words: differentiated thyroid carcinoma; TERT mutation;
radioactive iodine therapy; therapy response

J Nucl Med 2017; 58:258-265
DOI: 10.2967/jnumed.116.180240

TERT promoter and B-Raf proto-oncogene (BRAF) VBOOE mutation
were retrospectively examined in primary tumors of 66 patients with

* 66 patients with distant metastatic DTC.

 Stimulated thyroglobulin (sTg),RAI uptake status (avid or nonavid),
and other imaging evidence to evaluate therapy response.

* After a median follow-up of 46.5 mo (interquartile range, 29.0-70.5
mo), therapy response was classified as either disease control or
refractory.

* TERT mutation significantly correlated with non—-radioiodine avidity

* Patients with distant metastatic DTC with TERT mutation were
more likely to lose radioiodine avidity at the

* initial radioiodine therapy
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FIGURE 1. Association between TERT/BRAF mutation and radioiodine therapy response in
distant metastatic DTC. (A) Association between TERT mutation and radioiodine therapy re-
sponse (radioiodine-refractory or disease control). (B) Radioiodine responses of 4 different mu-
tational scenarios. RAl = radioiodine.

Ricarte-Filho JC et al. Cancer Res 2009;69:4885-93



1-131 uptake in metastatic thyroid cancer with different
molecular profiles

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

* 8 patients presented with symptomatic bone
metastasis from unknown primary

* Bone biopsy — thyroid cancer

* Thyroid surgery: 7 - follicular variant PTC; 1 -

tall cell variant PTC Copy Number
Alterations
* Primary tumor size 0.4-7.5 cm
Diagnosis PTC FV . PTC Tall Cell
Tumor size, cm ... <1 1-2.9 3-4 ->4
Gender Female Male

1-131 uptake Yes No




Hurthle cell tumors

Integrated Genomic Analysis of Hurthle Cell Cancer
Reveals Oncogenic Drivers, Recurrent Mitochondrial
Mutations, and Unique Chromosomal Landscapes

lan Ganly,"#" Vladimir Makarov,'-* Shyamprasad Deraje,’ YiYu Dong," Ed Reznik,*° Venkatraman Seshan,*

Gouri Nanjangud,® Stephanie Eng,’ Promita Bose,' Fengshen Kuo,' Luc G.T. Morris,"-? Inigo Landa,’

Pedro Blecua Carrillo Albornoz,"* Nadeem Riaz,'® Yuri E. Nikiforov,” Kepal Patel,® Christopher Umbricht,?

Martha Zeiger,® Electron Kebebew,'® Eric Sherman,'! Ronald Ghossein,'? James A. Fagin,' and Timothy A. Chan'+2.13*

Ganly et al. Cancer Cell 2018

Widespread Chromosomal Losses and Mitochondrial
DNA Alterations as Genetic Drivers
in Hurthle Cell Carcinoma

Raj K. Gopal,'#589:11.19 Kjrsten Kiibler,%%1.1? Sarah E. Calvo,®:®° Paz Polak,?*:11.16 Dimitri Livitz,? Daniel Rosebrock,?
Peter M. Sadow,*“" Braidie Campbell,’* Samuel E. Donovan,"# Salma Amin,?° Benjamin J. Gigliotti,’

Zenon Grabarek,®®? Julian M. Hess,® Chip Stewart,® Lior Z. Braunstein,®'” Peter F. Arndt,®'® Scott Mordecai,*

Angela R. Shih,*'" Frances Chaves,* Tiannan Zhan,’ Carrie C. Lubitz,?>""" Jiwoong Kim,'* A. John lafrate,* "

Lori Wirth,'-2'" Sareh Parangi,>>'! Ignaty Leshchiner,® Gilbert H. Daniels,’2:3'" Vamsi K. Mootha,'.5:8.9.10,20

Dora Dias-Santagata,*'":?° Gad Getz,%**?11.20.* and David G. McFadden':312:13.15,20,21,*

Gopal et al. Cancer Cell 2018



Genetics of Hurthle cell carcinoma
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* No BRAF V600E mutations
* <10% RAS mutations

Ganly et al. Cancer Cell 2018



Molecular profiles of
thyroid nodules
detected preoperatively

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
EIFIAX (5) variants (17)
BRAF K601E (3) NIFTP (15)
PTEN (1) Follicular carcinoma (3)
IDH2 (1) Huirthle cell carcinoma (5)
DICERI (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 alterations (37)
group NIFTP (13)

Other cancers (MTC, mRCC)
(25)

Steward DL et al. JAMA Oncology (2018)




Molecular Landscape of Thyroid Tumors on FNA Testing

| RAS 5615 (49) 1474 (40) 149 (9) 25 (8) 7263 (42)
l
BRAF V60OE | 1168 (10) 174 (5) 1071 (65) | 229(69) | 2642 (15)
TERT 426 (4) 267 (7) 120 (7) 60 (18) 873 (5)
TP53 155 (1) 115 (3) 19 (1) 14 (4) 303 (2)

BRAF V60OE+TERT - 7.3% of CA

Chiosea et al. ATA 2021 Abstract
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Spectrum of genetic alterations in PTC (n=512)

34% BRAF V600E I nHmH\ I

1% BRAFKGO1E M I (U I L
13% NRAS
5% HRAS
3% KRAS ‘
12%
2% DICERT
1%
1% EIF1AX
1% PIK3CA | T i ‘|||’ (L il
1% A I Il “ M
1%
1%
<% MEK' [
i HHI
<%  CTNNB1 H h
<% MET HH\IHHtIIu
<1% VHL \H e
8% M [ I l , I I HHW\
5% Il i i I l \ il ‘
% Nmm } Il I Il
2% NTRK1
3% PPARG
1%
1%
<t%  ROST [lmnnm i n i memesim e e iiniiniusnmi g e
<1% FGFR1
21

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

BRAF V600E+TERT — 10.3% of PTC.

Nikitski A, Condello V, Wald A, Nikiforova M, Chiosea S, Nikiforov Y. Abstract of “Genetic Profiling Of 900 Thyroid Tumors And
Hyperplastic Nodules By Thyroseq V3 Confirms Tumor Clonality, Detects Therapeutic Targets, And Supports Molecular Tumor
Classification”. Thyroid, Volume: 31 Issue S1: 2021



Genetic heterogeneity of primary and
metastatic thyroid cancers



Molecular Profiles of Primary Versus Metastatic
Radioiodine Refractory Differentiated Thyroid Cancer

Primary Metastases

Point mutations

* 12 patients with radioiodine refractory S e i :
metastases; BMIiHMZY 1 l
* median age at diagnosis of 61 years jjﬁj;gg; :) i
(range, 25-82). ATMT2947N ! L
* 9-PTC ATML2255P 0 1
* 2-HCC MUTYH G393D 1 2
* 1-FIC NTRK3 A631T 1 0
* Distant metastases: R
* lungs (n = 10) BRAF-CEPIS52 1
* bones (n =4) NIRKI-TPR 1 1
* liver (n=1) Immunohistochemistry (IHC)
Positive PD-L1 expression 3/12 112

Tumor Mutational Burden (TMB) 4 -10/Mb 3 -10/Mb
Microsatellite Instability (MSI) Stable Stable

Cristiane J Gomes-Lima CJ et al. Front Endocrinol. 2021



Summary

Thyroid differentiation status and RAI avidity can be
predicted based on genomic profiles: early and late drivers

Molecular profile of RAIR may be found in ~7-10% DTC, can
be detected in FNA and core biopsy

Expression of thyroid differentiation genes (TDS) may
provide more accurate assessment

Although some genetic heterogeneity between primary
tumor and metastases exists, overall molecular profiles are
expected to be similar
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