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The clinical situation at present

PALPABLE THYROID NODULES
(~5% of adult population)

FINE NEEDLE ASPIRATION (FNA) FOLLOWED BY CYTOLOGICA L EVALUATION OF HARVESTED

Unsatisfactory samples
~25% of cases

CELLS

Indeterminate cytology
~20% of cases

v
DIAGNOSTIC HEMITHYROIDECTOMY

Malignancy
~30% of cases

v
COMPLETE THYROIDECTOMY

Diagnostic cytology
~55% of cases

Benignity
~70% of cases




Molecular genetics of thyroid cancer

« Understanding of the molecular genetics of thyroid cancer has
Improved dramatically over recent years.
A number of common point mutations/rearrangements are known to

occur at high frequency:

TaprLe 1. AvERAGE PREVALENCE OF MUTATIONS
N Tayroim CANCER
Tumor fype Prevalence (%)
Papillary carcinoma
BRAF 45 )
RET/PTC 20 BRAF, RET/PTC and RAS mutations

RAS 10 found in 75% of PTCs
TRK <5

Follicular carcinoma :
RAS 45 RAS and PAX8/PPAR mutations found
PAX8-PPARy 35 in 80% of FTCs
PIK3CA <10
PTEN B <10

 These mutations are reported to be mutually exclusive.

Nikiforova and Nikiforov, 2009




Clinical utility of molecular testing in thyroid ca ncer

 Molecular testing of FNA samples is feasible and significantly

Improves the accuracy of cytological diagnosis of thyroid nodules
(Kumagai et al., 2007; Pizzolanti et al., 2007; Sapio et al., 2007; Nikiforov et al., 2009).

Biggest diagnostic impact — likely to be achieved by testing for a

panel of mutations rather than any single mutation

The American Thyroid Association recently released Revised
Management Guidelines For Patients with Thyroid Nodules and
Differentiated Thyroid Cancer to include the use of BRAF, RAS,
RET/PTC and PAX8/PPAR testing in patients with indeterminate
FNA cytology (cooper et al., 2009).




Aim of project

e To set up and validate assays for detection of tumour-specific marker
mutations in thyroid samples.

 Panel of markers to test include:

BRAF codon 600

HRAS codon 61
S— LIGHTCYCLER ASSAYS
KRAS codons 12/13 (FRET and melt curve analysis)

NRAS codon 61

RET/PTC rearrangements
PAX8/PPAR rearrangements

——

=— RT-PCR-BASED ASSAYS




Aim of project

BRAF codon 600

HRAS codon 61
S— LIGHTCYCLER ASSAYS
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NRAS codon 61




BRAF assay — melting curve profiles
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NRAS assay — melting curve profiles

WT CONTROL CODON 61 (Q61K) CONTROL

elting Peaks

—— ©1: D118959_MC232 — A1 M3

-(d/dT) Fluorescence (483-670)
-(d/dT} Fluorescence (433-670}

g : 65 70
Temperature (°C) Temperature (°C)

OVERLAY

— A1 M9
—— C1: D118939_MC232

-(d/dT) Fluorescence (483-670)

g
Temperature (°C)




HRAS assay — melting curve profiles
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y — melting curve profiles
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Testing In thyroid samples

e Cellular Pathology provided curls of FFPE thyroid tissue from 36 blocks
* Range of different tumour types were covered, including metastases:
Follicular thyroid adenoma (FA)
Follicular thyroid carcinoma (FTC)
Papillary thyroid carcinoma (PTC)
Aggressive papillary thyroid carcinoma (aPTC)

Poorly differentiated carcinoma (PDC)

DNA was extracted from these sections and tested for the common
BRAF, NRAS, HRAS and KRAS mutations using LightCycler assays.

« All results were verified by direct sequence analysis.




Testing In thyroid samples — melting curve profiles
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Testing In thyroid samples — point mutation summary

* In our small cohort, mutation rates were as follows:

Papillary thyroid carcinoma (PTC) 50% (100% of aggressive PTCs
and 17% of ‘normal’ PTCs)

Follicular thyroid carcinoma (FTC) 20%

Poorly differentiated carcinoma (PDC) 33%

Squamous cell carcinoma (SCC) 100%

Metastases from PTC 100%

Benign nodules, including FA 0%

e Concordance was observed between different blocks from the same tumour




Aim of project

« RET/PTC rearrangements
« PAX8/PPAR rearrangements

——

=— RT-PCR-BASED ASSAYS




Overview of RT-PCR-based assays

Assessment
of RNA
guality

RNA ISOLATION
Using RecoverAll™ Total Nucleic Acid Isolation kit (Ambion)

REVERSE TRANSCRIPTION
Using SuperScript Il (Invitrogen)

PCR
Using primers designed to flank the respective fusion points followed by fragment analysis

RET/PTC1 S

H4 EXON 1 RET EXON 12
<=

+——102bp——>
RET/PTC3 >

ELE1 EXON 5 RET EXON 12
<

PAX8/PPAR S 92p—>

PAX8 EXON 7 PPAR EXON 1




Assessment of RNA quality
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Validation of RT-PCR assays using positive controls

H4 RET
EXON 1 EXON 12
> <

T_RETPTCI_1in30_6

RET/PTC1

ELE1 RET
EXON 5 EXON 12

RET/PTC3

PAX8/PPAR




Validation of RT-PCR assays using positive controls

<4+— 92bp—»
PAX8/PPAR = P

PAX8/PPAR

fza

<

»
L

PAX8/PPAR =

284 bp

PAX8 EXON 7

PPAR EXON 1

PAX8 EXON 7

PAX8 EXON 8
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Testing In thyroid samples

 RNA was extracted from the previous 36 x FFPE thyroid sections and

guality assessed as previously described.

 RNA degradation was problematic.

 Each assay was performed as a multiplex with GAPDH primers as an

Internal control.




Testing In thyroid samples — fragment analysis

Thyroid
sample

Positive
control

Negative
control

RET/PTC1 assay

* No rearrangements detected
o 28% of samples failed

RET/PTC3 assay

* No rearrangements detected
» 33% of samples failed




Testing In thyroid samples — rearrangement summary

 RNA can be isolated from FFPE tissues — severe degradation is

problematic!

* No rearrangements detected in our small cohort! Surprising given the
figures quoted in the literature — is this a true finding or due to assay

limitation”? Better results likely to be achieved using fresh tissue.

e High failure rate — 28% for RET/PTC1, 33% for RET/PTC3 and 31%
for PAX8/PPAR




Overall summary and future direction

Molecular testing in thyroid samples is feasible, at least for DNA point

mutations

Highly likely to improve accuracy/sensitivity of cancer detection.

» Overall mutation detection rate in malignant samples from our small cohort = 44%.
» All mutations detected had a 100% PPV for thyroid cancer.

* No mutations detected in benign lesions.

Reduce the need for diagnostic surgical procedures.

Prognostic implications?

Mutation-specific targeted therapies?




The future clinical situation?

PALPABLE THYROID NODULES
(~5% of adult population)

FINE NEEDLE ASPIRATION (FNA) FOLLOWED BY CYTOLOGICA L EVALUATION OF HARVESTED
CELLS

Unsatisfactory samples Indeterminate cytology Diagnostic cytology
~25% of cases ~20% of cases ~55% of cases

\ 4
MOLECULAR TESTING FOR COMMON POINT MUTATIONS/REARRA NGEMENTS

Mutation-positive Mutation-negative

\4 \4
TOTAL APPROPRIATE MANAGEMENT

THYROIDECTOMY (Non-surgical?)
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