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GENETICS AND GENOMICS OF THYROID NEOPLASMS
MOVING CLOSER TOWARDS PERSONALIZED PATIENT CARE

Electron Kebebew, MD, FACS




Outline

» To assess the change in thyroid cancer
epidemiology

« To review our current knowledge on the
genetic and genomic changes
associated with thyroid cancer initiation
and progression

« To consider the impact of genetic and
genomic testing towards personalizing
patient care
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lllustrative Clinical Cases

63 year old woman with a left thyroid A 55-year-old woman with a long
nodule & family history of thyroid history of a neck mass.
cancer l l
Biopsy showed atypical cells Biopsy 8 years ago which was inconclusive.
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Now presents with an enlarging high right neck mass.
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lllustrative Clinical Cases

63 year old woman with a left thyroid A 55-year-old woman with a long
nodule & family history of thyroid history of a neck mass.
cancer l l
Biopsy showed atypical cells Biopsy 8 years ago which was inconclusive.

1. Total thyroidectomy and left and right central neck node dissection extending into level 7.
2. Rightlevel 2, 3 and 4 lymph node dissection.
3. Leftlevel 2, 3 and 4 lymph node dissection.




lllustrative Clinical Cases

63 year old woman with a left thyroid A 55-year-old woman with a long
nodule & family history of thyroid history of a neck mass.
cancer l l
Biopsy showed atypical cells Biopsy 8 years ago which was inconclusive.

Now presents with an enlarging high right neck mass.

T1bN1bMx (15 of 75 nodes positive)
Stage Il Papillary thyroid cancer S A e



10.

Common Cancers in the US

Common Types of Cancer

Prostate Cancer

Breast Cancer

Lung and Bronchus Cancer

Colon and Rectum Cancer

Melanoma of the Skin
Bladder Cancer

Non-Hodgkin Lymphoma
Kidney and Renal Pelvis Cancer

Thyroid Cancer

Endometrial Cancer

Estimated New
Cases 2013

238,590
232,340

228,190

142,820

76,690
72,570
69,740

65,150

60,220
49,560

Estimated
Deaths 2013

29,720
39,620

159,480

50,830

9,480
15,210
19,020

13,680

1,850
8,190



Thyroid Cancer

Over 60,220 new cases
will occur in 2013 in US

Prevalence of thyroid
nodules has increased
dramatically

(10% — >50%)

Histologic type
Papillary

Follicular

Hiirthle cell carcinoma
Medullary

Anaplastic

Other

Age-standardised incidence in
cases/100000 per year
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Frequency
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papillary thyroid cancer



Thyroid Cancer

« Over 60,220 new cases
will occur in 2013 in US

* Prevalence of thyroid
nodules has increased
dramatically
(10% — >50%)




Thyroid Cancer

Over 60,220 new cases
will occur in 2013 in US

Prevalence of thyroid
nodules has increased
dramatically

(10% — >50%)

Prevalence (%)

Prevalence of ultrasound-
detected thyroid nodules
100- (25 mm)

80+

®
e

N
<

Age range

Sadowski et al Surgery 2013
e Familial population
O Mazzaferri, 1993



Thyroid Cancer

Epidemiology of Thyroid Neoplasm
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Thyroid Cancer

Epidemiology of Thyroid Neoplasm
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Thyroid Cancer

Why has the incidence increased?
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Thyroid Cancer

Why has the incidence increased?

 Overdiagnosis '“ -
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Thyroid Cancer

Why has the incidence increased?
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Thyroid Cancer

Why has the incidence increased?

Overdiagnosis

Real increase in
disease burden

Environmental
« Chernobyl
e Fukushima



Thyroid Cancer

Why has the incidence increased?

Table 4. Molecular Testing Results for 228 Cases of Conventional Papillary Thyroid Cancer

verdiaanosi Mutation Group | Group i Group Il P
0 e d ag OsIs (n=74), (n=103), (n=51),
1991-1995 1996-2000 2001-2005

Somatic mutation 68% (51/74) 64% (66/103) 9% (47/51) <.002°

. . BRAF mutation 51% (38/74) 439% (441103) 88% (45/51) <.001°
Real Increase In nETECT o CroECaLey ) e )
. RETIPTC3 14% (10/74) 16% (16/103) 4% /51) 18
dlsease burden NRAS 1% (1/74) 1% (1/109) 0% 44
KRAS 3% (74) 2% (21103) 0% 52

*For cormparison of group | and/or Il to group ll.

Environmental Mathur et al. Cancer 2011

1.0 4
0.9 1
0.8 4
0.7 4

Genetic landscape of

<05

the disease £,

ol | = =y

' 1875 1880 1985 1980 1985 2000 2005 2010
Year

-#-BRAF -+-RAS -#-RET-PTC

Figure 2. Time trends in the age- and gender-adjusted prevalence (with 95% CI) of the three
mutation types in papillary thyroid carcinoma. University of Pittsburgh Medical Center,
1974-2009.

Jung et al. J Clin Endocrinol Metab. 2013



Thyroid Cancer

Over 60,220 new cases
will occur in 2013 in US

Multifactorial increase
in the incidence of
thyroid cancer across
all histologies

Trends in SEER Incidence & US Death Rates
by Primary Cancer Site

1995-2004

Trends in SEER Incidence Rates

Thyra\d‘

Kidney & Renal Pelvis
Melanoma of the Skin
Testis
Esophagus
Hodgkin Lymphoma
MNon-Hodgkin Lymphoma
Pancreas
Urinary Bladder
Prostate
All Except Lung

Brain & CNS

Myelema

Lung & Branchus (Female)
All Cancer Sites

Corpus & Uterus, NOS
Leukemia
Breast (Female)

Ovary®

Oral Cavity & Pharynx
Stomach
Colon & Rectumn
Lung & Bronchus (Male)
Cervix Uteri

Larynx

-8

T
-6

T
4

2 0 2
APC, 1995-2004

Trends in US Cancer Death Rates

Lung & Bronchus (Female)
Pancreas

Testis

Corpus & Uterus, NOS
Ovary

Urinary Bladder

Kidney & Renal Pelvis
Melanoma of the Skin
Leukemia

Myeloma

Brain & ONS

All Canger Sites

All Except Lung

Lung & Bronchus (Male) .
Oral Cavity & Pharynx 21

Colon & Rectum 22
Larynx 2.2*
Breast (Female) 23"
Hodgkin Lymphoma -2.4%
Non-Hedgkin Lymphoma -2.5%
Stomach 3.2
Cervix Uteri -35°

Prostate 4.1
T T

8 6 4 2 0 2 4 6 8

APC, 1995-2004

Source: SEER 13 areas (San Francisco, Connecticut, Detroit, Hawaii, lowa, New Mexico, Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska Native

Registry and Rural Georgia) and NCHS public use file for the total US. For sex-specific cancer sites, the population was limited to the population of the appropriate sex

Underlying rates are per 100,000 and age-adjusted to the 2000 US Std Population (19 age groups - Census P25-1103)

The APC is the Annual Percent Change over the time interval
* The APC is significantly different from zero (p<.05).

# Ovary excludes borderline cases or histologies 8442, 8451, 8462, 8472, and 8473,

http://seer.cancer.gov/cgi-bin/csr/1975_2004/search.pl#results
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Thyroid Cancer

Percent of Deaths by Age Group

Percent of Deaths

40
35
30
25
20
15
10

29.5%

24.7%
16.9% 17.6%
8.0%
0.1% 0.9% ﬁﬁ I

<20 20-34 35-44 45-54 55-64 65-74 75-84 =84
Age



Thyroid Cancer
Percent of Deaths by Age Group

40

35
29.5%

30
25 24.7%
20 16.9% 17.6%
15
10 80%&
Z 0.1% 0.9% ﬁﬁ_

<20 20-34 35-44 45-54 55-64 65-74 75-84 >84

Percent of Deaths

Papillary and follicular thyroid cancer (age < 45y): Age

Stage T N M

1 Any T AnyN MO

i Any T Any N M1

Papiilary and follicular; differentiated (age = 45y):

Stage T N M

1 T1 NO MO

i T2 NO MO

m T3 NO MO

IVA T1-3 Nla MO
T4a N1b MO

IVB T4b Any N MO

e Any T Any N M1



The Cancer Genome Atlas (TCGA)
Analysis of Papillary Thyroid Carcinomas

non-silent mutations / Mb
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The Cancer Genome Atlas (TCGA)
Analysis of Papillary Thyroid Carcinomas

non-silent mutations / Mb
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Pathogenesis of thyroid cancer
of follicular cell origin
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Pathogenesis of thyroid cancer
of follicular cell origin

Occult PTC » | PTC '
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Pathogenesis of thyroid cancer
of folllcular ceII orlgln

= Ubiguitylation
= Proteazomal
degradatian
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Pathogenesis of thyroid cancer
of follicular cell origin

ines 750/0 Mitogenic stimuli Apoptotic signal

3-8r-0-0- (-0 =4

| Tumaur suppress ion

anti-apoptotic genes genes (e.g. VEGRA, MET. and thyroid genes 1 Pro-apoptotic genss
(e.g. VEGFA, vimentin, HIF1A, LIPA, UPAR, [e.g. TIMP3, SLCSASB. in FOXO pathway
UPA, UPAR, MMPs) TGFB1, T5PI) DAPK1, NIS, TSHR, TPO)

N\ L t "4

Thyroid cell growth and proliferation,
tumarigenesis and progrezsion of thyroid cancer

Xing M. Nat Rev. Cancer 2013



lllustrative Clinical Cases

63 year old woman with a left thyroid
nodule & family history of thyroid
cancer l

Biopsy showed atypical cells




Thyroid nodules FNA biopsy results
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Thyroid nodules FNA biopsy results

//

Benign (80%) Malignant (<10%) Suspicious/Indeterminate (5-20%) Nondiagnostic (<10%)
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>95% : ~ ol e
accurate =‘fw.

Ve'e ‘e T

Therapeutic thyroidectomy Diagnostic thyroidectomy

5 - 50% risk of
0
~ ' 0 cancer

v

v




100

Thyroid Nodule FNA Biopsy Studies

97%

co
o

= [Mean % Malignant by
Histology

o))
o

NN
o

Percent Malignant by Histology

20 -

Nondiag- Benign  Atypical FNorHC  Susp.for Indeter- Malignant
nostic e— Neoplasm Malignancy minate*

Cytopathology Diagnosis

*Indeterminate: atypical/FLUS, follicular or Hiirthle cell neoplasm, and suspicious for malignancy.

(N=8,057)

M Blansfield, 2002

M Sclabas, 2003

W Castro, 2005

B Wu, 2006

M Yassa, 2007

® Yang, 2007

M Oertel, 2007

m Banks, 2008
Nayar,2009

I Faquin, 2010
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Thyroid FNA Classification & Risk of Malighancy

The Bethesda System for Reporting Thyroid Cytopathology:
Implied risk of malignancy and recommended clinical management

Diagnostic Category Risk of Malignancy Usual Management
Repeat FNAB with US
l. Non diagnostic or unsatisfactory |[NA guidance
Il. Benign 0% - 3% Clinical follow-up

Atypia of undetermined
significance or follicular lesion of
[l undetermined significance ~5% - 15% Repeat FNAB

Follicular neoplasm or suspicious
IV. for a follicular neoplasm 15% - 30% Lobectomy

Near-total thyroidectomy or
V. Suspicious for malignancy 60% - 75% Lobectomy

VI. Malignant 97% - 99% Near-total thyroidectomy




Marker development for thyroid cancer —
where are we?

Patient sample

Marker identification

l



Marker development for thyroid cancer —
where are we?

Patient sample

Marker identification

|

Analytical and clinical validation

l

FDA approval ‘'safe and effective'

l

Cost-benefit analysis by CMS/Insurance Co. 'reasonable and
necessary'

l

Routine use of biomarker for patient care



Molecular Testing for somatic mutations

TABLE 1.

Summary of four studies with a panel of mutation analyses

First author, year (Ref.)

Nikiforowv of al., 2009
(a0)

Moses ot al, 2010 (20)

Ohori et al., 2010 {41)

Cantara et al., 2010 (29)

Cytology categories
investigated: sample
number

Material

Mutation identified
(indeterminate samplas)

Histology for indeterminate
samples

FP/FN {n)
Sensitivityspecificity (%)

Indeterminate: 52; cancer
positive: 22; cancer
negative: 12

FMAB (4 needle passes)}—a
small portion-Roche
nudeic acids
preservative solution for
cytology and remaining
material from nesdle
washing for molecular
analysis

Indeterminate: N-, H-,
KRAS: 5; BRAF: T, RETY
PTC1-3: 2;
FPAXEPPARy: 1

PTC: AT, FTC: 4; FAC 4,
HN: 27

Indaterminate

06
71100

Indeterminate: 110; malignant: 57;
suspicious. 27, nondiagnostic: 2;
benign: 257

FMAB—cytological analysis and
remaining material for molecular
analysis

Indeterminate: BRAF. 3;
RETIFTC1,3: 1; NRAS: B;
KRAS: O

PTC: 19; FA: 29; FTC: 8; Hurthle
cell adenoma: &; hyperplastic
nodule: 40; Hurthle cell
cardnoma: 2; lymphooytic
thyroiditis: 6

Indeterminate

4217
385954

Follicular lesion of indeterminate
significancesatypia of
indeterminate significance: 117

FMAB (2 or 4 needle passes)}—direct
smear and monolayared slides by
ThinPrep processing. Residual
FMA material—nucleic acid
preservative solution for
molecular analysis

Follicular lesion of indeterminate
significance/atypia of
indeterminate significance:
BRAF: 3; NRAS: 7, HRAS: 1;
FPAXEPPARy: 1

PTC: 20; nonneoplastic: 79;
adenoma: 18

Follicular lesion of indeterminate
significance
o
BOS100

Indeterminate: 41; suspicous:
54, inadeguate: 53; benign:
a7

FMAB {1 or 2 needle passes) 2/3
of the material for cytology
and 1/3 for moleoular
analysis. Tissue collectad at
surgery with 1.5 ml
microcentrifuge tube
containing Allprotect tissue
reagent

Indeterminate: N-, H-, KRAS: 3;
BRAF. 2; RETIPTCH 32 2;
PAXEBIPPARy. O

PTC: 7; FA: 26; HM: B

Indeterminate; suspicious

11; 09
85.7/97; 80.4100

Salvatore et al. (37) study was not included in this table because they used just PTC as final histology. This would lead to a false specificity of 0%
by the absence of TM samples. HN, Hyperplastic nodule.

? It was not possible to calculate the suspicious samples because the data comelating histology and mutation were not given.

Ferraz et al. J Clin Endocrinol Metab. 2011
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Summary of four studies with a panel of mutation analyses

First author, year (Ref.)
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remaining material for molecular
analysis

Indeterminate: BRAF. 3;
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cell adenoma: &; hyperplastic
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indeterminate significance: 117
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FPAXEPPARy: 1

PTC: 20; nonneoplastic: 79;
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Indeterminate: 41; suspicous:
54, inadeguate: 53; benign:
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FMAB {1 or 2 needle passes) 2/3
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and 1/3 for moleoular
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surgery with 1.5 ml
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1hm'1ifi - B

Indeterminate
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Follicular lesion of indeterminate
significance
o
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Indeterminate; suspicious

11; 09
85.7/97; 80.4100

Salvatore et al. (37) study was not included in this table because they used just PTC as final histology. This would lead to a false specificity of 0%
by the absence of TM samples. HN, Hyperplastic nodule.

? It was not possible to calculate the suspicious samples because the data comelating histology and mutation were not given.

Ferraz et al. J Clin Endocrinol Metab. 2011



Molecular Testing for somatic mutations

TABLE 3. Means from studies classified according to
the type and number of mutations investigated and

FNAEB category

Indeterminate
Several mutations RET/PTC rearrangements
analysis® analysis®
FF 1.25(0-4) 0
FM 9(1-21) 3.5(1-6)
Sensitivity 63.7% (38-85.7%) 55% (50-60%)
Specificity ~ 98% (95-100%) 100%

Data are expressed as means (range). The means for suspicious
samples were not calculated because only data from Cantara et al. (39)
were available. The suspicious samples from Moses et al (20) were not
calculated because data for a correlation of histology with mutation
status were not given.

* Means from four studies (20, 39-41) that analyzed a panel of
mutations of indeterminate samples.

& RET/PTC rearrangements analysis (23, 34) of indeterminate samples.

Ferraz et al. J Clin Endocrinol Metab. 2011



Impact of Mutational Testing on the Diagnosis and
Management of Patients with Cytologically
Indeterminate Thyroid Nodules: A Prospective
Analysis of 1056 FNA Samples

Yuri E. Nikiforov, N. Paul Ohori, Steven P. Hodak, Sally E. Carty,
Shane O. LeBeau, Robert L. Ferris, Linwah Yip, Raja R. Seethals,
Mitchell E. Tublin, Michael T. Stang, Christopher Coyne, Jonas T. Johnson,

Andrew F. Stewart, and Marina M. Nikiforova

Departments of Pathology and Laboratory Medicine (Y.E.N., N.P.O., R.R.5., M.N.N.), Surgery (S.E.C.,
LY., M.T.5.), Otolaryngology and Head Meck Surgery (R.L.F., 1.T.1), and Radiclogy (M.E.T.), and Division
of Endocrinology (S.P.H., 5.0.L., C.C., AF.5.), University of Pittsburgh School of Medicine, Pittsburgh,
Pennsylvania 15213

» Cytology category according to Bethesda Reporting System
« 967 of 1056 (91.6%) adequate epithelial cells and nucleic acid

*50 insufficient nucleic acid
39 insufficient epithelial cells
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TABLE 1. Cancer probability in thyroid nodules with indeterminate cytology based on specific cytological diagnosis
and results of molecular testing performed in FNA samples

Cancer risk

AUS/FLUS cytology FN/SFN cytology SMC cytology All indeterminate

(n = 247) (n = 214) (n = 52) cytology (n = 513)
Cytology only 14% 27% 54% 24%
Any mutation identified 88% 87% 95% 89%
RAS 84% 85% 88% 85%
BRAF 100% 100% 100% 100%
PAX8/PPARy 100% 100% 100% 100%
RET/PTC na na 100% 100%
No mutation identified 5.9% 14% 28% 11%
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Cytologic
Shoege AUS/FLUS FN/SFN SMC
Cancer Risk 14% 27% 54%
Based on
Cytology Only * l’ &
Testing for Panel of Mutations ( BRAF, RAS, RET/PTC, PAX8/PPARY)

"S“t‘;:it;““a' Positive Negative Positive Negative Positive Negative
Cancer Risk 5.9% 14% 28%

P Lobectomy vs.
Clinical T_otal observation T_otal Lobectomy T_otal Lobectomy
Management ROVTGIlERG +I- repeat FNA thyroidectomy thyroidectomy

FIG. 3. Proposed clinical algorithm for management of patients with cytologically indeterminate thyroid FNA applying the results of mutational
analysis.
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The Cancer Genome Atlas (TCGA)
Analysis of Papillary Thyroid Carcinomas

Number of Cancer Specific Genetic Events

Driver Mutation # driver % driver
mutations mutation
BRAF —all 248 61.7
RAS — all 52 12.9
EIF1AX 6 1.5
Fusions — all non-BRAF 42 10.5
Arm level SCNAs (non-mutated, non-fusion) 28 7.0
Focal PTEN del 2 0.05
TERT promoter mutations (non-mutated, non-fusion) 2 0.05
All 380 94.5

o R W e
= SCNAs = TERT W dark

Unpublished data



Genome Wide Gene expression analysis

Author Year Study cohort Differentially
size expressed 1
genes
Barden et al. 2003 17 105
Finley et al. 2004 59 627
Mazzanti et al. 2004 73 10 and 6 gene
model
Weber et al. 2005 24 (12 FTC 80 genes 3
12FA) gene model

Shibru, et al. Curr Opin Oncol 2008
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original article

Preoperative Diagnosis of Benign Thyroid Nodules with Indeterminate
Cytology

Erik K. Alexander, M.D., Giulia C. Kennedy, Ph.D., Zubair W. Baloch, M.D., Ph.D., Edmund S. Cibas, M.D., Darya Chudova, Ph.D.,
James Diggans, Ph.D.,
Lyssa Friedman, R.N., M.P.A., Richard T. Kloos, M.D., Virginia A. LiVolsi, M.D., Susan J. Mandel, M.D., M.P.H., Stephen S. Raab,
M.D., Juan Rosai, M.D., David L. Steward, M.D., P. Sean Walsh, M.P.H., Jonathan |. Wilde, Ph.D., Martha A. Zeiger, M.D.,
Richard B. Lanman, M.D., and Bryan R. Haugen, M.D.

Additional FNA pass

Thyroid FNA samples collected from 49 clinical sites

3,789 patients with 4,812 thyroid nodules (> 1 cm) enrolled

414 indeterminate on FNA and histologic diagnosis
« 51 inadequate/degraded RNA
» 36 “excessive study site storage time”
» 16 “unavailable reference standard”
« 265 had thyroidectomy
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» 85 of 265 indeterminate nodules were malignant (32%)

» The gene expression classifier

« 78 of 85 as ‘suspicious’
92% Sensitivity, [84%-97%] 95% CI
52% Specificity, [44%-59%] 95% CI

Overall NPV from 93%

Atypia/FLUS NPV = 95%

Follicular neoplasm NPV = 94%
Suspicious for malignancy NPV = 85%
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Table 2. Performance of Gene-Expression Classifier, According to Histopathological Subtype.
Histopathological Subtype No. of Nodules (%) Result with Gene-
Expression Classifier
no. benign/no. suspicious
Benign
Total 180 (100)
Benign follicular nodule* 71 (39.4) 41/30
Follicular adenoma 64 (35.6) 37/27
Follicular tumor of uncertain malignant potential 11 (6.1) 5/6
Well-differentiated tumor of uncertain malignant potential 9(5.0) 4/5
Hirthle-cell adenoma 21 (11.7) 4/17
Chronic lymphocytic thyroiditis 2(1.1) 0/2
Hyalinizing trabecular adenoma 2(1.1) 2/0
Malignant
Total 85 (100)
Papillary thyroid carcinomat 42 (49.4) 4/38
Papillary thyroid carcinoma, follicular variant 19 (22.4) 217
Hurthle-cell carcinomat 10 (11.8) 1/9
Follicular carcinoma § 10 (11.8) 0/10
Medullary thyroid cancer 2(2.4) 0/2
Malignant lymphoma 2(2.4) 0/2
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Prognostic classification systems for thyroid
cancer of follicular cell origin

Syetem Prognostic Factors Used
EOQRTC Gender, tnmor lstology type, i yrm—
Se: 2 06 F 41965797

extrathyroddal invasion, distant - Ee AR il ) |
metaztaszes 5 e |

AGES Age, mmor grade, extrathyroidal invasion, e
diztant metaztazes, tumor size

MACIS Age, extrathyrondal invasion, distant
metasiases, completeness of resection,
tumor size

AMES Age, extrathyroidal invasion, distant
metastases, Nmor sizge

THM Primary tumor size, lymph node status,
diztant metasiazes

Delroot class™ Cervical node metastases, distant
metastases, extrathyrondal invasion

BAGH Bex, age, grade of tumor {vascular s
invasion, nuclear atypia, or tumor e 250
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Prognostic classification systems for
differentiated thyroid cancer of follicular cell
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Is BRAF V600E a marker of thyroid cancer
aggressiveness?

Is BRAF V600E mutation associated

. . >
with aggressive tumor phenotype? BRAF™  negative

100 -
~ 90 E—
;:' 80 ] — ~_VEO0E et
Controversial because of S 704 BAA positive
S 60
lack of multivariate analysis, o 50
Qo
small study cohorts, “q; 101
» 304
inclusion of different histologic subtypes of thyroid 2 20
cancer, O 104
0 I 1 I 1 1 I I T I I
lack of both follow up data, 01 2 3 458 7 8 9 10
different treatment approaches Duration of follow-up (years)

Xing. J Clin Endocrinol Metab, 2005



BRAF in thyroid cancer

BRAF V600E Genotype-Phenotype association

BRAF V600E mutations
associated with

. Older age
g B-Raf S48 «Consitutively
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. Lymph node & distant & (—
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Kebebew et al. Ann Surg 2007



BRAF in thyroid cancer

BRAF V600E is a risk factor for recurrence even for AMES low-risk or
TNM Stage | conventional papillary thyroid cancer

Percent with recurrent/persistent disease

a0

BRAT VabiE +

BRAF VollE +

BHALF Y60 -

TNM stage | (N=140)

AMES low-risk (N=172)

Kebebew et al. Ann Surg 2007
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BRAF in thyroid cancer

PTC-Related Deaths, No. (%) Follow-up,

Age at BRAF | ] Median (IQR), mo
Diagnosis, V600E BRAF BRAF ]
No. of Median Male, Mutation, V600E- VG600E-
Patients (IQR), vy No. (%) No. (%) All Positive  Negative All Patients  Survivors
By medical center
Johns Hopkins Hospital 387 5(35-57) 101 (26.1) 151(39.0) 8(2.1) 8 (5.3) 0 2 (1-30) 2 (1-28)
University of Pittsburgh 169 2 (38-63) 42 (24.8) 101(59.8) 1(0.6) 1(1.0) 0 9(11-26) 9 (11-26)
Memorial Sloan-Kettering Cancer Center 135 0 (35-63) 44 (326) 64(47.4) 11(8.2) 10(15.6) 1(1.4) 6 (1-144) 0 (1-144)
University of Pisa 189 8 (28-51) 47 (249) 65(34.4) 9(4.8 6(9.2) 3(2.4) 2 (24-180) 84 (24-180)
University of Perugia 117 49 (37-59) 2(274) 76(65.0) 5(4.3) 2 (2.6) 3(7.3) 2 (6-39) 2 (6-40)
University of Milan 110 2 (34-55) 4(21.8) 38(34.6) 1(0.9 0 1(1.4) 8 (24-64) 8 (24-64)
University of Padua 135 8 (39-57) 32(23.7) 87(64.4) 1(0.7) 1(1.2) 0 6 (22-30) 6 (22-30)
Kanagawa Cancer Center 49 5 (41-65) 6(326) 33(B7.4) 9(184) 7(21.2) 2(12.5) 8 (31-78) 5 (33-76)
Maria Sklodowska-Curie Memorial Cancer 99 9 (33-59) 0(10.1) 42424 1(1.0) 1(2.4) 0 8 (42-53) 8 (43-53)
Centre and Institute of Oncology
Griffith Medical School 76 0 (34-56) 20(26.3) 34(44.7) O 0 0 42 (4-82) 42 (4-82)
University of Sydney 95 44 (34-59) 20(21.0) 55(57.9) 5(5.9) 5(9.1) 0 103 (63-135) 104 (64-137)
Hospital La Paz, Health Research Institute 66 42 (32-54) 11 (16.7) 8(42.4) 2(3.0 1(3.6) 1(2.6) 41 (30-57) 42 (30-57)
Institute of Endocrinology, Prague 222 7 (31-60) 39(17.6) 71(32.00 3(1.4) 3(4.2) 0 50 (30-85) 50 (30-85)
By country
United States 691 7(36-59) 187 (27.1)| 316 @5.7) [20(2.9) 19 (6.0) 1(0.3) 7 (2-36) B (2-32)
[taly 551 4 (34-56) 135 (24.5)| 266 (48.3) |16 (2.9) 9 (3.4) 7 (2.9) 3 (20-70) 4 (20-72)
Japan 49 5 (41-65) 16 (32.6) (67.4) 9(18.4) 7(21.2) 2(12.5) 8 (31-78) 5 (33-76)
Poland 99 49 (33-59) 10 (10.1) 2(42.4) | 1(1.0) 1(2.4) 0 48 (42-53) 48 (43-53)
Australia 171 43 (34-57) 40 (23.4)] 89(52.0) | 5(2.9) 5(5.6) 0 75(32-118) 76(33-118)
Spain 66 2 (32-54) 11 (16.7)] 28(42.4) | 2(3.0) 1(3.6) 1(2.6) 1 (30-57) 2 (30-57)
Czech Republic 222 7 (31-60) 39(17.6) 71(32.0) | 3(1.4) 3(4.2) 0 0 (30-85) 0 (30-85)
Overall 1849 6 (34-58) 438 (23.7)] 845(45.7) |56(3.0) 45(5.3) 11(1.1) 3 (13-67) 3 (13-65)

Abbreviation: IQR, interquartile range.

Xing M, et al. JAMA. 2013
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lllustrative Clinical Cases

63 year old woman with a left thyroid
nodule & family history of thyroid
cancer l

Biopsy showed atypical cells

|

Mutation testing for BRAF + for V60OE mutation

|

More aggressive treatment warranted



Summary

Molecular testing

Somatic mutation and gene expression profiling are being
applied with improvement in more accurate diagnosis

Room for improvement

What is the natural history of benign neoplasm by molecular
analysis?

Is it cost effective?

Prognostic markers of BRAF testing
Follow up

Adjuvant therapy



Thank You
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