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Simple model of thyroid cancer progression
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3 main histologic types of PTC
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Classical Variant Variant
BRAF-V600E RAS BRAF-V600E
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Strong genotype - phenotype correlation



Cancer genes pre-TCGA
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496 primary PTCs
391 on all major platforms
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Plus 49 whole genome sequences done with PTCs without
apparent driver mutations



Relative mutation frequency
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Somatic mutation frequencies observed in exomes from 3,083 tumor-normal pairs.
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Overview of somatic alterations
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EIF1IAX
Translation initiation factor 1A, X-linked
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Fusions
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Even remaining 14 out of 402 ‘dark matter’ samples are
not entirely dark
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Common Drivers are clonal
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Challenges of THCA project

* Focused on papillary carcinoma
— Indolent cancer type with 95% cure rate

— No long term follow-up data (need 20 years)

e Relative low mutation density compared to
other carcinomas



Two choices

 Report on a few new SSNVs, fusions, clusters,
etc.

e Strive to tell a clinically-relevant story that
leveraged the:
— mutual exclusively of the drivers, BRAF and RAS
— quiet nature of PTC genome
— availability of multidimensional data
— imagination of the AWG members



BRAFVOE_RAS Score (BRS)
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BRAFV60E_.RAS Score (BRS) defines a gradient between
two PTC classes: BRAFV690E_|ike (BVL) and RAS-like (RL)
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BRAFV69E_.RAS Score (BRS)

a. Ve0EBRAF-like : RAS-like —
)
e
D}— VeEQ DAL B <core
-1
b. I e TN I 1 BRAF V600E
| || | | BRAF Other
I I I BRAF fusion
IIIIII Il II|IIIIHI IIIIII IIIII|II HIKINRAS
EIF1AX
| o A RET
I PPARG
LTLI | NTRK1/3
| | | | Other
ISomatic Mutation I Fusion // ) \ / / \
MET LTK ALK ALK FGFR2 FGFR2 THADA
| Il [ 111 | T UL THT | parkmatter

[ B e T T A T IS oM T irerentiation score

mRNA clusters

I “ I ”l I RPPA clusters

[ I 1 I Y T T I /T AT AT I T T A Y AV 5 ciusters

I TEN A A T T T T T T T T T ooy

Braf-Ras Score mRNA clusters miRNA clusters DNA methylation clusters = RPPA clusters NBS clusters
e M M - M 4 B Foliicular [ B: B || Missing
M2 M5 M2 W5 [7] CpG methylated T2 W4 [J>2
3 EE K B Classical 1 B
. Classical 2
Histology: . Classical . Follicular D Tall Cell D Other Follicular Fraction: I:- Differentiation score: -:-

0 100% Low High
Giovanni Ciriello, Katie Hoadley, Yasin Senbagaoglu, Jim Fagin



Silencing of iodine metabolism machinery by BRAFV600t

a Follicular thyroid cell b BRAF-V600E* thyroid tumour cell
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Thyroid Differentiation Score (TDS)
16 gene sighature
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Signaling Differences between
BVL and RL PTC

a V600E . .
BRAF-like RAS-like
RET NTRK1/3 » N/H/KRAS D(-I T
K601E
il V/—/\' . BRAF
L Ras PI3K RAF I
: ¢ (preferred C-Raf ) ‘_I
| RAF v Y
| V600E
Ir* l RS (preferred B-Raf) Ly PMEK
' E+RK =
I pPMEK PERR —
| h oy
| Tsc2 F— p9o
________ pERK J. J;p
* mTOR BAD
—» DUSPs L
Erk transcriptional program BCL2
¢ L v
Cell Proliferation / Growth Protein synthesis Apoptosis Proliferation
Significantly up-regulated in Y®"FBRAF-like Significantly up-regulated in RAS-like

Genomically altered by activating mutation (N/H/KRAS, BRAF) or fusion (RET, NTRK1/3, BRAF)

Giovanni Ciriello, Yasin Senbagaoglu, Jim Fagin

b

VEER R AF-like RAS-like
BRAF-RAS score

ERK-signature [T [T 1 [T T T M

Differentiation Score
BRAF V600E | ||

BRAF (other mut.) [ | |

BRAF fusions |
(IR LT

N/H/KRAS mut.
|

[ 1l
RET fusions | | | " ” ”IH\II
NTRK1/3 fusions |
DUSP5
DUSP6
DUSP4
p90 pT369/5363
TSC2 pT1462
C-Raf pS338
Bad pS112
BCL2
Akt pT308

Akt pS473
mTOR pS2448

Protein Level (RPPA) mRNA

Differentiation
ERK-signature score RNAseq-data RPPA-data

low high low high low high low high



SuperCluster
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Integrated
MIR story

leveraged the BRS,
TDS, histologic type,
and tumor grade, to
demonstrate
differences between
clusters
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Overarching Conclusions

e RL-PTCs and BVL-PTCs are fundamentally
different in their genomic, epigenomic and

oroteomic profiles

* |dentified clinically relevant subgroups of BVL-

PTCs

— Potential role for miRs

* Propose a reclassification of thyroid cancer that

more accurately reflects the genotypic and
phenotypic differences of RAS- and BRAFV60OE.

driven




We think TCGA THCA will be a landmark study
1 1




IMPACT

e Jim Fagin working on EIF1AX biology

 Working Group on FV-PTC
— Yuri Nikiforov, Pittsburgh
— International group of thyroid pathologists
— Possible NCI support (R13)

e Biomarker study
— Martha Zeiger, Hopkins
— Hopkins, Mayo, Michigan and Cornell
— 238 PTCs with central compartment LN dissections
— BRAF + miRNA expression to predict LN positivity
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