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1990 1991 1992

Ethical, legal and social
implications (ELSI) programmes
founded at the US National
Institutes of Health (NIH)
and Department of Energy (DOE)

Rapid-data-release
iidelines established
g:'y :}g‘?ﬂ: ol DSOE The Sanger Centre founded
niear Cambridge, UK,
(later renamed the Wellcome
Trust Sanger Institute)

@ The Wellcome Trust

First gene for
breast cancer
(BRCAT) mapped

I 7 <\ V"

DESIGN BY DARRYL LEJA
PEAS COURTESY |, BLAMIRE, CITY UNIV, NEW YORK; WATSON & CRICK COURTESY A. BARRINGTON BROWN/SPL; SCIENCE COVERS COURTESY AARS

© 2003 Nature Publishing Group

1994

1995 2001

(SNP) initiative: begins

GTGCT
GTCCT

Chinese National Human Genome Centers
established in Beijing and Shanghai

Bermuda principles for
rapid and open data release established

Executive order bans genetic
discrimination in US federal workplace

2003
Finished
version of
human
genome

2002

" Draft version of rice genome ; =
i The HGP ends with
Sequence of first human sequence completed and published 2
RIKEN Genomic Sciences chromosome y all goals achieved
Center established in Japan (chromosome 22)

Roundworm (Caenorhabaltis elegans)
( genome sequenced
US Equal Empioyment 10,000 full-length
Opportunity Commission human cONAs sequenced
s poley

o Datrionl

The HGP's mouse genetic Genoscope (French GG S To be

. mapping goal achieved National Genome continued...

Sequencing Center) founded -
near Paris Single-nucleotide polymorphism

Hikmet Geckil
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@ NATIONAL CANCER INSTITUTE

The Cancer Genome Atlas Program MEEI3 M, 2R
2 | 2 BN IE S A

Common Cancer Types ZFhEIESSEY
Bladder Cancer
Breast Cancer H 4R S5 / \
Colon and Rectal Cancer ;Eﬁ*i?ﬁ Qral cancer
Endometrial Cancer o n\iy Ry Lip cancer
Kidney C I e P 20T Oropharyngeal cancer
idney Cancer 5 S 4R AR Npcp yng
Leukemia T
o P A
Liver Cancer I P12 BT Thyroid cancer
Lung Cancer

o /

Melanoma

Non-Hodgkin Lymphoma
Pancreatic Cancer
Prostate Cancer

Thyroid Cancer
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'T HERE

LR AR A PR 45 SR AR se /AR
FIUE/NVAE, RIREH,
KA, UERXENAF

RABEEER
=5 B HTNA

BN Head And Neck
Cancer - Squamous
cell carcinoma of
oral cavity /
oropharynx /
sinonasal cavny /

larynx

= Head And Neck
Cancer - Thyroid
carcinoma

B Thyroid Cancer
- Papillary thyroid
carcinoma

Nasopharyngeal
carcinoma, Asia

-ﬂyroid Cancer
- Papillary,
carcinoma

1 ICGC Goals, Structure, Policies and
Guidelines Section E.3 - Publication Policy

HTMI é‘]

India:

"No cancer therapy is developed today
without the genomic knowledge that ICGC
provided to the world."

Advanced Centre for Treatment,
Research and Education in Cancer, Tata
Memorial Centre

e —

Sequencing & Analysis —

India:

National Institute of Biomedical
Genomics

Complementary Studies }—

Data Storage, Analysis &
Management E—

Advanced Centre for Treatment,
Research and Education in Cancer, Tata
Memorial Centre

National Institute of Biomedical
Genomics

KHHBEESR:
ﬁ)ral cancer \

Head and neck ¢ squamous
cell carcinoma

Oral Cavity cancer
Oropharyngeal cancer

NPC

throid cancer /




s Z F X%

DNAZE 4 -
4 5 [F 2800 7 (the whole genome sequencing)

£ 9MNE F M (the exome sequencing)

FRER[X M (the targeted region sequencing)
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«eference sequence
Chr1

|

Homozygous  Hemizygous Translocation

Point mutation Indel deletion deletion Gain breakpoint
L J

v Copy numbe'r alterations
Point mutations (nucleotide substitutions)

« Small coding insertions/deletions (indels)

*  Copy number alterations (CNAs)

 Chromosomal rearrangements

(Matthew Meyerson et.al, nature reviews genetics,2010)
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RNAZL 46 -

4% %200 57 (Transcriptome Sequencing)

FIL TS M| (Expression sequencing)

INRNAFNCIEZRIBRNAM A (miRNA and IncRNA
sequencing)
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Human Cancer and Adjacent Tissues

RNA sequencing

A 4

A 4

y

A 4

\ 4

A 4

Gene expression

Gene Fusion
SOAPfuse

Alternative Splicing
SOAPsplice

Mutation
SOAPsnv

RNA Editing

Long Non-coding RNA

SO0/

Intergrative Pathway Analysis

Systematic Cancer Transcriptome Analysis
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AL DNA G 3Lyt i (MeDIP-seq)
F T Y] THAL B AL ER £5 0 7 (ARRBS)
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HMST-Seq

$2FAEAL DNA Sy 5msE i F
RNAREAL
HEAEID

e JR 5 5 LT M (ChIP-Seq)
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Cancer type Somatic mutations Structural Inserticns/Deletions  Hereditary mutations
rearrangements

Melanoma HRAS, BRAF, RAS, COKNZ, HMGI-C, nMnasT, PTEN, MAFZKT, MAPZKE, COK4d
CTHNMEB1, GNATT, GMNAC, RAF BRAF
KIT, MEKT, NRAS, MMACT,
FTEM, GRINZA, PREXZ,
FACT, PEPEC, STK1D,
SMX31, TACCT, ARIDZ,
COKa, MITF

Lung Cancer TPS3, HRAS, ETK17, FET, ROS1, ALK, EGFR, FHIT, FRA3E, EGFR, BRAF, HAS, KRAS, TPS3
EGFR, ALK, BRAF, RAS, EMLA, NTRE FGFRT, HERZ
AKT1, DDR2, HERZ, MEK1,
NRAS, PIK3CA, PTEN

Liver Cancer CTHNNBT, GMNMT, p&a7. IN1 GNMT E18, GMMT, ps7 ARID A, ARIDTE, ARIDZ, MLL,

MLLI, TPS3, CTNNB1, EGFR,
GMMT, N1

Breast Cancer FBXWT, AKTZ, F3KCA, BRCAT, BRCAZ, BRCA" TES3, BRCAT, BRCAZ, FTEN,
CCMO, ERBBZ, NTRKT, TPS3, PIK3CA, AKT1, TRP43, TBXS, RUNX1,
SMADZ, MARZKA, AKT1, CHEKZ CBFB
ESR1, FGFR1, FGFR2,
HERZ, PIK3CA, FTEN

Colorectal Cancer CTHNE1, BAX, FBXWT, ALK APC-LT FAP AXINEZ, MSHZ, MLH1,
PIZKCA, FES. KRAS, MEHE, PMS2, HMNECC,
MRAS, SMAD2, ShaDd, MUTYH, PIK3CA, IREZ, IRS4,
TGFBR1, TGFBRZ, FTEM, RHEB
MAPZK, PTNP1, AKT1,
FTEMN, BRAF, FIK3CA

Cnarian FBXWT, AKT2, ERBBZ, ARIDTA, BRCAS ninE-1, BRCAT, &TK11, BRCA1, BRCAZ
TGFERT, TGFBAZ, BRAF, BRCAZ, MLPL,
KRAS, PIK3CA, PTEN MAPH

Fancreatc KRASZE, M-FAS, MAPZKL, TPS3, SMaDd, COwMZa, TPS3 STK11, COKMZA
COKNZA, TES3, SMADY, MK
BRCAZ
NTRK1, BRAF, KRAS, RET FET/FTC, ELE1, FTEM RET, NTRK1, BRAF

AKAFE FTEN,
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An Integrated TCC
Cliniqal Dqta Reso

ell. 2018 Apr 5;173(2):321-337.e10. doi: 10.1016/j.cell.2018.03.035.

Oncogenic Signaling Pathways in The Cancer Genome Atlas.

Sanchez-Vega F, Mina M, Armenia J, Chatila WK, Luna A, La KC, Dimitriadoy S, Liu DL, Kantheti HS, Saghafinia S, Chakravarty D, Daian F, Gao Q,
Bailey MH, Liang WW, Foltz SM, Shmulevich |, Ding L, Heins Z, Ochoa A, Gross B, Gao J, Zhang H, Kundra R, Kandoth C, Bahceci |, Dervishi L,
Dogrusoz U, Zhou W, Shen H, Laird PW, Way GP, Greene CS, Liang H, Xiao Y, Wang C, lavarone A, Berger AH, Bivona TG, Lazar AJ, Hammer GD,

Giordano T, Kwong LN, McArthur G, Huang_C, Tward AD, Frederick MJ, McCormick F, Meyerson M; Cancer Genome Atlas Research Network, Van Allen
EM, Cherniack AD, Ciriello G, Sander C, Schultz N.

# Collaborators (725)
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MBS

(tumor markers, TWM)

* 1978fENCIR i FhIEIR &Y

« 1979 FIAFFIREH

- TMERTMBEEFEEFRE—ENEMRFENEMIIR.

s TMEEZRIEREAMZ. FRRALLRPTINE A5 IEHESHNYIR,
Lﬁu—mE’J*WﬁE#«ET%WHWEE’JﬁT

Bs&EB (AFP)
#* EiJRE (CEA)
$EXHiE (CA50. CA125. CA15-3. CA199. CA72-4)
R2-¥EH (R2-MG)
R RE (PSA)
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v Jmik (Screen)

< izl (Diagnosis)

v WG # (Prognosis)

B RIEN (Detection of relapse)
< YVBITHESF (Monitor of therapy)

—
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1. Cooper DS, et al. Thyroid, 2009, 19(11): 1167-1214. 3. 2010&07 S EHEIEL
2. 201 15EpH it PES AR RN RRS 4. 010HEERESERTHES

Incidence per 100,000 Incidence per 100,000
Women ‘Women

Incidance per 108,000
‘Women

Incidence per 100,000
‘Women

Incidence per 100,000

. 5 3 5 8 %
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Incidence per 100,000
o

o 5 8 53 %
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S e s %

Incidence per 106,000
‘Women

N Engl J Med. 2016 Aug
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Year

2009

APC

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

[ Papillary thyroid

overall
121
7.00%
129
13.3
14.58
158
16.9
18.1

15.4

20.8

22,2

23.8

Males
5.8
6.20%
6.2

6.5

7.4
7.8
43
8.9
9.4
10

10.6

Prostate
Females
13.2
7.30%
19.6

21

22.6
24,2

26

27.9
29.9
32.1
34.5

I7

Malas
146.7
-2.1%
1437
140.7
137.8
135
1322
129.5
126.8
124.2
121.6

1154

Lung
Cwerall
54.7
—-1.1%
54.1
33.5
229
52.3
51.8
51.2
50.6
50.1
458.5

49

Males
64.9
-2.0%
63.6
62.3
61.1
35.9
58.7
576
56.4
35:3
54,2

53.2

Femalas
47.5
-1.2%
46.9
46.4
45,8
45.3
44.7
44,2
43.6
43.1
42.6

42.1

Colorectal

Cwerall
42.4
-2.4%
41.4
40.4
39.5
38.5
376
36.7
359
35
34.2

33.4

Males
48.3
—2.7%
47
45.8
44.5
43.3
42.2
41
399
38.8
37.8

36.8

Chvarian
Femalas
37.7
-2.1%
36.9
36.1
35.3
34.6
33.8
33.1
324
31.7
31

30.4

Females
12.5
-1.4%
123
i . |
11.5
11.8
116
114
113
113
10.59

10.8

&
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2015 American Thyroid Association Management Guidelines for Adult Patients
with Thyroid Nodules and Differentiated Thyroid Cancer

nodule

[

No nodule or

T nodule not meeting
“.FNA size cutoff

\A\)

Figursd Suspected Thyroid
H TSH nor‘mal or elevq'red (R2C)
' Thymld/fr@ec;k |
‘ Ionogr'uph_y- (R6,20
High

5USpIC|on Intermediate®
P{]T'I'epn Suspicion
pc:'r'rern

FNA

- X P IRIE 18434

| 5usp|cv

pattern

Very Low
Suspicion
pa‘r'rer'n

* 19676, JLERFFIFEREIR 7 B MEURER KW AIEFERIL

« 1980s, 3\ EMiERIEF 5 3

BT

Benign
L pa‘r‘rern)

T5000IFNARR E, IR Y MAeRIEZ 2 TinE
KRBT HFIRRETREMRN, FNABERSEMNEEE &

& Tk %

HEP T8 B 38 oy
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2015 American Thyroid Association Management Guidelines for Adult Patients
with Thyroid Nodules and Differentiated Thyroid Cancer

FN/SFN %“@

AUS/FLUS S

2007ENCI{EBethesdal|E T FNARZSZE R HE : Bethesda classification scheme

FRBHS (ATA) RARRBRESSHURRRERES \& ThRE

SYSUCC fth 388 5 38 ooty
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The Bethesda Svstem for Reporting Thyroid Cytopathology: Recommended Diagnostic Categories”

I. Nondiagnostic or Unsatisfactory FrAR o EiZHiai i : 1~ 4%

Cyst fluid only

Virtually acellular specimen

Other (obscuring blood, clotting artifact, etc)
Il. Benign RBf: 0~3%

Consistent with a benign follicular nodule (includes adenomatoid nodule, colloid nodule, etc)

Consistent with lymphocytic (Hashimoto) thyroiditis in the proper clinical context

Consistent with granulomatous (subacute) thyroiditis

Other B XA AR I B R MR T EUR A R EAUS/FLUS: 5~15%, EEFNA
lll. Atypia of Undetermined Significance or Follicular Lesion of Undetermined Significance
IV. Follicular Neoplasm or Suspicious for a Follicular Neoplasm

specify if Hurthle cell loncocytic) type B iE M Py = o BE /B MEAPJEEFNS/SFN:  15% ~ 30%, MIBREA

V. Suspicious for Malignancy
Suspicious for papillary carcinoma ﬂﬁi%ﬁﬂ[ﬁg 60 ~ 75%, i&%i?-[g]'ﬁu-l--[g]@
Suspicious for medullary carcinoma
Suspicious for metastatic carcinoma
Suspicious for lymphoma
Other

VI. Malignant %’I‘f‘ﬁ 97 ~99%
Papillary thyroid carcinoma
Poorly differentiated carcinoma
Medullary thyroid carcinoma
Undifferentiated (anaplastic) carcinoma
Squamous cell carcinoma
Carcinoma with mixed features (specify)
Metastatic carcinoma
Mon-Hodgkin lymphoma
Mthear

2009 /A EITBSRTCE S

The Bethesda System for Reporting Thyroid Cytopathology
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Table 7. The Bethesda system for reporting thvroid cytopathology: Diagnostic categories

and risk of malignanc}'l

Diagnostic category

Estimated/predicted
risk of malignaney by
the Bethesda system

Actual risk of
malignancy in
nodules surgically

1As reported in The Bethesda System by Ali &Cibas. 2009 (1076)
*Based on the meta-analysis of 8 studies reported by Bongiovanm et al. (103). The risk
was calculated based on the portion of nodules in each diagnostic category that
underwent surgical excision and likely 1s not representative of the entire population.
particularly of non-diagnostic and benign diagnostic categories.

(%) excised (%, median

(range))’
Nondiagnostic or Unsatisfactory 1-4 20 (9-32)
Benign 0-3 2.5 (1-10)
Atypia of Undetermined Significance or 5-15 14 (6-48)
Follicular Lesion of Undetermined
Significance (AUS/FLUS)
Follicular Neoplasm or Suspicious for a 15-30 25 (14-34)
Follicular Neoplasm (FN/SFN)
Suspicious for Malignancy (SUSP) 60-75 70 (53-97)
Malignant 97-99 99 (94-100)

A
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MNational

comprehensive NCCN Guidelines Version 2.2019

W'l Cancer . -
Network® Thyroid Carcinoma

NCCHN Guidelines Index
Table of Contents
Discussion

MOLECULAR DIAGNOSTIC RESULTS

Molecular diagnostics
indicate benign lesion!

Kk E:J'ﬁt R sytolony Molecular diagnostics
Aus/FLUS) Consider molecular : :E: 'E";_“E i S—
diagnostics/ informative

Molecular diagnostics
suggestive of malignancy

Molecular diagnostics
* Not done
= Mot informative

Follicular

Consider molecular
neoplasm'

diagnosticsl:®

‘

Molecular diagnostics
indicate benign lesion!

STENA{ A B E RIE MRV ERIRBRGE T, XER
FRARBEIT 5 FRRIC SR

TREATMENT

Module surveillance

MNodule surveillance

or

Consider lobectomy for
definitive diagnosis/treatment?

Consider lobectomy

or

Total thyroidectomy for
definitive diagnosis/ireatment

Module surveillance

b X %

A 988 B 56 oh oy

SUN YAT-SEN UNIVERSITY CANCER CENTER




FR BRI 2 P RRTIRE e

SYSUCC

SINCE 1964 SUN YAT-SEN UNIVERSITY CANCER CENTER

Risk factors:
for example,
radiation

Normal follicular cells Thyroid cancer cells

Pathogenetic mechanisms in thyroid follicular-cell neoplasia
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A

X iZgene expression classifier (Afirma)

 |[HC: galectin-3
N FEFR -
1. BUEM. R,

2. NIRAAIEK
3. &M T F T4

4.

I PR3 E

FAMFNZE (PPV) KEAMFUNZE (NPV)

ALY
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7-gene test & Tk ¥
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Genes {corresponding amino acid changes or fusion transcripts) - AUS/FLUS FN/SFN | SUSP
SR 63 57 68

BRAF (p.V600E)
HRAS (p.G12V, p.Q61K, p.Q61R) - 5 5 5
KRAS (p.G12A, p.G12C, p.G12D, p.G12R, p.G12S, p.G12V, p.G13D)

NRAS (p.Q61K, p.Q61L, p.Q61R) PPV 88 87 e
PAX8-FPARG (PAX8-PPARG?) NPV 94 86 79
RET-CCDC6 (RET-PTC1)

RET-NCOA4 (RET-PTC3)

Cancer probability in thvroid nodules with indeterminate cyvtology based on specific cvtological diagnosis and results of molecular testing performed in FNA

Cancer risk

AUS/FLUS cytology (n = 247) FN/SFN cytology (n=214) SMC cytology (n=52) All indeterminate cytology (n = 513)

Cytology only 14%% 7% 4% 248,

Anv mutation identified 88% 87% 03% 80%%
RAS 84% 85% 88% 85%
BRAF 100% 100% 100% 100%
PAXS/FPPARy 100% 100% 100% 100%%
RET/PIC na na 100% 100%

No mutation identified 5.9% 14% 28% 11%
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e AUS/FLUS FN/SFN SMC
ganczr Risk 14% 27% 54%,
C:::Io:; Only & ; l’

Testing for Panel of Mutations ( BRAF, RAS, RET/PTC, PAX8/PPARY)

/N / N\ N\

gtutiatiunal Positive Negative Positive Negative Positive Negative
atus

Cancer Risk 5.99,

Sl tots! e baamvation
Management [RUNCIG EH Y +I- repeat FNA

14% 28%

Total Total
thyroidectomy Lapae By Lobectomy
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ORIGINAL ARTICLE

Endocrine Care

Molecular Classification of Thyroid Nodules Using
High-Dimensionality Genomic Data

* MRNAZIA4#: Human Exon 1.0 ST arrays (Affymetrix)

IS HUIRBRZE o TP e 247,186 %% K A%

‘NPV=96%, %57 1£=84%
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J Clin Endocrinol Metab, December 2010, 95(12):5296-5304
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The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Preoperative Diagnosis of Benign Thyroid
Nodules with Indeterminate Cytology

167 MEREFRIL
A9 ERE. 3700823 . 48001FNA

METHODS
We performed a 19-month, prospective, multicenter validation study involving 49 clini-
cal sites, 3789 patients, and 4812 fine-needle aspirates from thyroid nodules 1 cm or
larger that required evaluation. We obtained 577 cytologically indeterminate aspi-
rates, 413 of which had corresponding histopathological specimens from excised
lesions. Results of a central, blinded histopathological review served as the reference
standard. After inclusion criteria were met, a gene-expression classifier was used to
test 265 indeterminate nodules in this analysis, and its performance was assessed.

RESULTS
Of the 265 indeterminate nodules, 85 were malignant. The gene-expression classifier
correctly identified 78 of the 85 nodules as suspicious (92% sensitivity; 95% confi-
dence interval [CI], 84 to 97), with a specificity of 52% (95% CI, 44 to 59). The
negative predictive values for “atypia (or follicular lesion) of undetermined clinical
significance,” “follicular neoplasm or lesion suspicious for follicular neoplasm,” or
“suspicious cytologic findings” were 95%, 94%, and 85%, respectively. Analysis of
7 aspirates with false negative results revealed that 6 had a paucity of thyroid fol-
licular cells, suggesting insufficient sampling of the nodule.

CONCLUSIONS
These data suggest consideration of a more conservative approach for most patients
with thyroid nodules that are cytologically indeterminate on fine-needle aspiration
and benign according to gene-expression classifier results. (Funded by Veracyte.)

SR 100
fFiE'lﬁ 52 53 49 52 70

PPV 47 38 37 76
NPV 93 95 94 85
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NEJM, 2012, 8(23):705~715
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AR _____IFN/SFN| AUS/FLUS
91

AKT1 RET 90

BRAF PPARG iCEamkd 93 92
CTNNB1 BRAF PV 83 Y
GNAS NTRK1 PV 96 97
HRAS NTRKS3
ﬁiﬁz ?"II:II;\D A ThyroSeq multi-gene NGS panel ¥fFN/SFNAXZAUS/FLUS
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PTEN
RET
TERT
TP53
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THYROID, 2015; 25 (11): 1217~1235
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PTC: 29-69% PTC: 3.5%
ATC: 13~35% 13—-43% FTC: 11%
BRAFZ24r RETERE RASZST PAXSEL & PI3KZS3T PTENZEZS TP53333F
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(2) TERTERZhTFRET (5 5BRAFEFEZRTHE) ;
(3) TP53%=%s

N
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Oncogene Mean prevalence (%)
BRAF ) | 48 > (efiF7q34, L/HERIETIMEHE )
@. 20 @RI, EAI: 90% exonl5 T1799A V600E; 10% exonll HEERIA
APC 15 CRITLKEME: EHPFE: 5%~10%; EMEEEME: 25%;
SMAD4 14 \_ FURBRFL SR AE: 30% y
CTNNB1 12
IDH1 10 +19874, ZIa new oncogene
10 +19974E, RETEHE, @& ARET/PTC, MERET-BXEMMES, /SEIMAPK
CDKN2A 9 020125, ZIL13FRETEHEI &Y
EGFR 8
NRAS 4
HRAS 2
KRAS 2
PIK3CA 2

Data derived from:
http://www.sanger.ac.uk/genetics/CGP/cosmic
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Table 2 | Genetic defects in thyroid cancer

Genetic alteration Well-differentiated thyroid carcinoma

Papillary thyroid Follicular thyroid

carcinoma
RET rearrangement  13-43%

F—NEFRRRED XM FBUENTKREK

BRAF mutation 29-69%
BRAF 1%
rearrangement

NTRKI | =% |5%13%
rearrang| pYEHE

Ras mutation 0-21%
PPARG 0%
rearrangement

CTNNB1 mutation 0%
TP53 mutation 0-5%

Poorly Undifferentiated
differentiated thyroid
thyroid carcinoma carcinoma
carcinoma
0% 0-13% 0%
0% 0-13% 10-35%
Unknown Unknown Unknown
Unknown Unknown Unknown
40-53% 18-27% 20-60%
25-63% 0% 0%
0% 0-25% 66%
0-9% 17-38% 67-88%

Post-Chernobyl
childhood

thyroid cancer

50-90%

0-12%
11%

3%

0%

Unknown

Unknown

Unknown

CTNNB1, B-catenin; NTRK1, neurotrophic tyrosine kinase receptor, type 1; PPARG, peroxisome-proliferator-activated-receptor-v.

SHMMBARRE, RasixDSE5RIRREHALLE. HRASENRASHIcodon6l. R
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Recurrence-Free
Survival {probability)

Mo. at risk

Mo mutation

BRAF VBOO0E only

TERTC228T only

BRAF and TERT
mutations

(A) Results of the analyses of patients with PTC of all types.

0.4 4

2
=]
|

L 0 1] 1N L

== Mo mutation
= BRAFVE00E only
== TERT CZ28T only
== BAAF and TERT mutations

Log-rank P< 001

287
159
28
35

3 g 9 12

Duration of Follow-Up (years)

130 85 42 14
55 32 20 12
15 13 8 3
14 6 2 0

= IS RS

=
[ =]
L

=
(=]
L

Recurrence-Free
Survival {probability)

0.2 4

LA L L - i J

== Mo mutation
= BRAFVE00E only
== TERT C228T only
== BRAF and TERT mutations

Log-rank P< .00

No. at risk

No mutation 200

BRAFVG00E only 136

TERT C2Z8T only 18

BRAF and TERT 28
mutations

T T T 1

3 6 9 12 15
Duration of Follow-Up (years)

82 &6 30 12 4
48 26 15 9 5
1 10 5 p 2
14 6 2 0 0

(B) Results of the analyses of conventional variant PTC only.

J Clin Oncol 32:2718-2726
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1p/19g. MGMT. EGFR. H3F3A K27M
IDH1. IDH2. EGFRVIIl. TERT. KIAA1549-BRAF
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BRAF. RET

EGFR. KRAS. BRAF. HERZ. NRAS. BIM
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IGF1R. FGFR1
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EEZaY sk RAS. BRAF. PIK3CA. PTEN
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SS18. EWSR1. DDIT3. MDM2, FOXO1. USP6

lg. TCREFEHE
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CKIT
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NOTCH1. FBXW7
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