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••Types of thyroid cancer covered in this talkTypes of thyroid cancer covered in this talk

••Why we need thyroid cancer markersWhy we need thyroid cancer markersWhy we need thyroid cancer markersWhy we need thyroid cancer markers

••Thyroglobulin (Tg) Thyroglobulin (Tg) –– THE current thyroid THE current thyroid 
cancer markercancer marker

••Some new trends in Tg testingSome new trends in Tg testing

••Novel thyroid cancer markers and why they Novel thyroid cancer markers and why they y y yy y y
are neededare needed

What we will coverWhat we will cover

••Follicular cellFollicular cell--derived, differentiated derived, differentiated 
thyroid cancerthyroid canceryy
Papillary thyroid carcinoma (PTC)Papillary thyroid carcinoma (PTC)

 Follicular thyroid carcinoma (FTC)Follicular thyroid carcinoma (FTC)

Huerthle cell carcinoma (HCC)Huerthle cell carcinoma (HCC)
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What we will not coverWhat we will not cover

••Follicular cellFollicular cell--derived, undifferentiated derived, undifferentiated 
thyroid cancerthyroid canceryy
Anaplastic thyroid carcinoma (ATC)Anaplastic thyroid carcinoma (ATC)

••NonNon--follicular thyroid carcinomafollicular thyroid carcinoma
CC--cell tumors cell tumors –– medullary thyroid carcinoma medullary thyroid carcinoma 

(MTC)(MTC)

R th t l hR th t l hRare other tumors, e.g. lymphomas, squamous Rare other tumors, e.g. lymphomas, squamous 
cell carcinomas, metastases to the thryoid, …cell carcinomas, metastases to the thryoid, …

Why cover only differentiated follicular Why cover only differentiated follicular 
cellcell--derived thyroid carcinomas?derived thyroid carcinomas?

Thyroid cancer morphotype distribution, Mayo Clinic 
Rochester 1940-90

Differentiated 
follicular cell-
derived 2 097

Differentiated 
follicular cell-
derived 2 097

87%MedullaryMedullary
6%

Anaplastic
(undifferentiated)

136

Anaplastic
(undifferentiated)

136

Differentiated follicular cell-derived cancers = ~90% of cases

n=2,414n=2,414

derived 2,097derived 2,0977%
Medullary

(C-cell-derived)
181

Medullary
(C-cell-derived)

181

Modified picture, original courtesy Dr. McIver
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Thyroid tumors Thyroid tumors –– a growing problema growing problem
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Thyroid tumors Thyroid tumors –– a growing problema growing problem

•• Thyroid nodules are commonThyroid nodules are common
 Palpable nodules: 3Palpable nodules: 3--5% of population5% of population

 U/S or autopsy detected: ~50% of populationU/S or autopsy detected: ~50% of populationU/S or autopsy detected: 50% of populationU/S or autopsy detected: 50% of population

Thyroid tumors Thyroid tumors –– a growing problema growing problem

•• Thyroid nodules are commonThyroid nodules are common
 Palpable nodules: 3Palpable nodules: 3--5% of population5% of population

 U/S or autopsy detected: ~50% of populationU/S or autopsy detected: ~50% of populationU/S or autopsy detected: 50% of populationU/S or autopsy detected: 50% of population

•• 77--29% of thyroid nodules are malignant29% of thyroid nodules are malignant
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Thyroid tumors Thyroid tumors –– a growing problema growing problem

•• Thyroid nodules are commonThyroid nodules are common
 Palpable nodules: 3Palpable nodules: 3--5% of population5% of population

 U/S or autopsy detected: ~50% of populationU/S or autopsy detected: ~50% of populationU/S or autopsy detected: 50% of populationU/S or autopsy detected: 50% of population

•• 77--29% of thyroid nodules are malignant29% of thyroid nodules are malignant

•• Thyroid cancer is now the 13Thyroid cancer is now the 13thth most common most common 
new cancer diagnosis in the USnew cancer diagnosis in the US
 Women 6Women 6thth

 Men 18Men 18thth Men 18Men 18thth

Thyroid cancer Thyroid cancer –– incidence rates compared to incidence rates compared to 
other cancers other cancers (excl. non(excl. non--melanoma skin cancer)melanoma skin cancer)

745,180 692,000
Prostate 25% 1

Lung & bronchus 15% 2

11 26%26% BreastBreast

22 14%14% Lung & bronchusLung & bronchus

New cancer cases in 2008

g

Colon & rectum 10% 3

Urinary bladder 7% 4

Non-Hodgkin lymphoma 5% 5

Melanoma of skin 5% 6

Kidney & renal pelvis 4% 7

Oral cavity 3% 8

Leukemia 3% 9

gg

33 10%10% Colon & rectumColon & rectum

44 6%6% Uterine corpus Uterine corpus 

55 4.1%4.1% NonNon--Hodgkin lymphomaHodgkin lymphoma

66 4.1% 4.1% Thyroid *Thyroid *

77 4%4% Melanoma of skinMelanoma of skin

88 3%3% OvaryOvary

99 3%3% Kid & l l iKid & l l i

* : ~80% of thyroid cancer cases are PTC

Leukemia 3% 9

Pancreas 3% 10

…. … …

Thyroid * 1.2% 18

All Other Sites 19%

99 3%3% Kidney & renal pelvisKidney & renal pelvis

1010 3%3% LeukemiaLeukemia

23%23% All Other SitesAll Other Sites
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Thyroid tumors Thyroid tumors –– a growing problema growing problem

•• Thyroid nodules are commonThyroid nodules are common
 Palpable nodules: 3Palpable nodules: 3--5% of population5% of population

 U/S or autopsy detected: ~50% of populationU/S or autopsy detected: ~50% of populationU/S or autopsy detected: 50% of populationU/S or autopsy detected: 50% of population

•• 77--29% of thyroid nodules are malignant29% of thyroid nodules are malignant

•• Thyroid cancer is now the 13Thyroid cancer is now the 13thth most common most common 
new cancer diagnosis in the USnew cancer diagnosis in the US
 Women 6Women 6thth

 Men 18Men 18thth Men 18Men 18thth

•• Thyroid cancer incidence rates continue to Thyroid cancer incidence rates continue to 
increase, while mortality fallsincrease, while mortality falls

New US thyroid cancer cases 1974New US thyroid cancer cases 1974--20062006



8

Thyroid Cancer Deaths (% of new cases)Thyroid Cancer Deaths (% of new cases)
All cases

Women

Men

Thyroid tumors Thyroid tumors –– a growing problema growing problem

•• Thyroid nodules are commonThyroid nodules are common
 Palpable nodules: 3Palpable nodules: 3--5% of population5% of population

 U/S or autopsy detected: ~50% of populationU/S or autopsy detected: ~50% of populationU/S or autopsy detected: 50% of populationU/S or autopsy detected: 50% of population

•• 77--29% of thyroid nodules are malignant29% of thyroid nodules are malignant

•• Thyroid cancer is now the 13Thyroid cancer is now the 13thth most common most common 
new cancer diagnosis in the USnew cancer diagnosis in the US
 Women 6Women 6thth

 Men 18Men 18thth Men 18Men 18thth

•• Thyroid cancer incidence rates continue to Thyroid cancer incidence rates continue to 
increase, while mortality fallsincrease, while mortality falls

•• Thyroid cancer patients continue to suffer Thyroid cancer patients continue to suffer 
morbidity from recurrences over many decadesmorbidity from recurrences over many decades
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Thyroid cancers continue to recur over Thyroid cancers continue to recur over 
several decadesseveral decades

Grebe & Hay, Endocrinol Metab Clin N Am 24:761, 1995

Why we need thyroid tumor markers

• Because of the low mortality and rising 
incidence rates, thyroid cancer will be the 3rd

di i i li imost common diagnosis in living cancer 
patients, behind breast and prostate, ahead of 
colon, within 5-10 years
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incidence rates, thyroid cancer will be the 3rd
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patients will suffer a recurrence in their lifetime

Why we need thyroid tumor markers

• Because of the low mortality and rising 
incidence rates, thyroid cancer will be the 3rd

di i i li imost common diagnosis in living cancer 
patients, behind breast and prostate, ahead of 
colon, within 5-10 years

• Depending on the morphotype 15% to 50% of 
patients will suffer a recurrence in their lifetime

 Need for prolonged (over decades) 
sensitive, non-invasive and specific 
detection of tumor recurrence in an ever 
increasing patient population
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••Thyroglobulin (Tg) Thyroglobulin (Tg) –– THE current thyroid THE current thyroid 
cancer markercancer marker

••Some new trends in Tg testingSome new trends in Tg testing

••Novel thyroid cancer markers and why they Novel thyroid cancer markers and why they y y yy y y
are neededare needed
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••Principal protein made in thyrocytesPrincipal protein made in thyrocytes
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Thyroglobulin (Tg)Thyroglobulin (Tg)

••Principal protein made in thyrocytesPrincipal protein made in thyrocytes

••Specific for follicular cellSpecific for follicular cell--derived thyroidderived thyroidSpecific for follicular cellSpecific for follicular cell derived thyroid derived thyroid 
tissues tissues –– no significant expression in any no significant expression in any 
other tissueother tissue

Thyroglobulin (Tg)Thyroglobulin (Tg)

••Principal protein made in thyrocytesPrincipal protein made in thyrocytes

••Specific for follicular cellSpecific for follicular cell--derived thyroidderived thyroidSpecific for follicular cellSpecific for follicular cell derived thyroid derived thyroid 
tissues tissues –– no significant expression in any no significant expression in any 
other tissueother tissue

••Not tumor specificNot tumor specific
Circulating levels correlate with thyroid sizeCirculating levels correlate with thyroid size

Elevated in conditions of disordered/excessive Elevated in conditions of disordered/excessive 
thyroid growth or glandular destructionthyroid growth or glandular destruction
••GoitreGoitre

••Graves’ disease, thyroiditisGraves’ disease, thyroiditis
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Tg measurements: current practice Tg measurements: current practice 
guidelines guidelines –– assays & testing processassays & testing process

•• Perform at least one stimulated Tg measurement Perform at least one stimulated Tg measurement 
in each patientin each patientin each patientin each patient

•• Use Tg assays with sensitivity (<1 ng/mL)Use Tg assays with sensitivity (<1 ng/mL)

•• Use Tg assays calibrated to IS CRMUse Tg assays calibrated to IS CRM--457457

•• Use the same Tg assay over time in individual Use the same Tg assay over time in individual 
patientspatients

M T Ab i ll l t t d f T tM T Ab i ll l t t d f T t•• Measure TgAb in all samples tested for Tg, to Measure TgAb in all samples tested for Tg, to 
identify samples that might have false low Tg identify samples that might have false low Tg 
measurementsmeasurements
 Use direct quantitative TgAb assays, rather than Tg recovery test Use direct quantitative TgAb assays, rather than Tg recovery test 

or semior semi--quantitative testsquantitative tests

Tg measurements: current practice Tg measurements: current practice 
guidelines guidelines –– indicators of recurrenceindicators of recurrence

•• Serum Tg should be undetectable in athyrotic Serum Tg should be undetectable in athyrotic 
thyroid cancer patients (total thyroidectomy +/thyroid cancer patients (total thyroidectomy +/--thyroid cancer patients (total thyroidectomy +/thyroid cancer patients (total thyroidectomy +/
RRA)RRA)
 Unstimulated or stimulated (thyroid hormone Unstimulated or stimulated (thyroid hormone 

withdrawal or rhTSH) Tg >2 ng/mL suspicious of withdrawal or rhTSH) Tg >2 ng/mL suspicious of 
recurrence, but positive predictive value only 5recurrence, but positive predictive value only 5--10%10%

 Unstimulated or stimulated Tg >10 ng/mL highly Unstimulated or stimulated Tg >10 ng/mL highly 
di ti f i t t/ t didi ti f i t t/ t dipredictive of persistent/recurrent diseasepredictive of persistent/recurrent disease
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Tg measurements Tg measurements -- limitationslimitations

••Residual benign thyroid tissueResidual benign thyroid tissue
Each 1 g of residual tissue contributes to Each 1 g of residual tissue contributes to 

serum Tg levels:serum Tg levels:
••~0.5 ng/mL if serum TSH <0.1 mIU/L~0.5 ng/mL if serum TSH <0.1 mIU/L

••~1 ng/mL if serum TSH >=0.1 mIU/L~1 ng/mL if serum TSH >=0.1 mIU/L

Tg measurements Tg measurements -- limitationslimitations

••Residual benign thyroid tissueResidual benign thyroid tissue

••Autoantibody interferences Autoantibody interferences –– false low Tgfalse low Tgyy gg
 ~25% of thyroid cancer patients have anti ~25% of thyroid cancer patients have anti 

thyroglobulin autothyroglobulin auto--antibodies (TgAb) antibodies (TgAb) 

 “True” Tg conc. (usually) impossible to “True” Tg conc. (usually) impossible to 
determine in TgAb+ patientsdetermine in TgAb+ patients

Very “rough” relationship between TgAbVery “rough” relationship between TgAbVery rough  relationship between TgAb Very rough  relationship between TgAb 
concentration and likelihood of false low Tgconcentration and likelihood of false low Tg
••TgAb levels <4TgAb levels <4--6 kU/L unlikely to cause false low Tg6 kU/L unlikely to cause false low Tg

••TgAb >=6TgAb >=6--10 kU/L: ~30% incidence of false low Tg10 kU/L: ~30% incidence of false low Tg

••TgAb >=50TgAb >=50--100 kU/L: >70% incidence of false low Tg100 kU/L: >70% incidence of false low Tg
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Tg measurements Tg measurements -- limitationslimitations

••Residual benign thyroid tissueResidual benign thyroid tissue

••Autoantibody interferences Autoantibody interferences –– false low Tgfalse low Tgyy gg

••Calibration differences or reagent lotCalibration differences or reagent lot--toto--lot lot 
variabilityvariability

Tg measurements Tg measurements -- limitationslimitations

••Residual benign thyroid tissueResidual benign thyroid tissue

••Autoantibody interferences Autoantibody interferences –– false low Tgfalse low Tgyy gg

••Calibration differences or reagent lotCalibration differences or reagent lot--toto--lot lot 
variabilityvariability

••Poor lowPoor low--end sensitivity of some assays end sensitivity of some assays 
can necessitate stimulated Tg testingcan necessitate stimulated Tg testing
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••Why we need thyroid cancer markersWhy we need thyroid cancer markersWhy we need thyroid cancer markersWhy we need thyroid cancer markers
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Recent Changes in Practice Recent Changes in Practice -- TgTg

••Unstimulated Tg testingUnstimulated Tg testing
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Recent Changes in Practice Recent Changes in Practice -- TgTg

••Unstimulated Tg testing Unstimulated Tg testing –– the traditional the traditional 
argument used against it:argument used against it:
“ consensus is that an undetectable Tg“ consensus is that an undetectable Tg“ … consensus is that an undetectable Tg “ … consensus is that an undetectable Tg 
measurement during thyroid hormone measurement during thyroid hormone 
suppression is misleading in a large suppression is misleading in a large 
proportion of patients … ” (Mazzaferri et proportion of patients … ” (Mazzaferri et 
al., JCEM 88:1433, 2003)al., JCEM 88:1433, 2003)

Recent Changes in Practice Recent Changes in Practice -- TgTg

••Unstimulated Tg testing Unstimulated Tg testing –– the traditional the traditional 
argument used against it:argument used against it:
“ consensus is that an undetectable Tg“ consensus is that an undetectable Tg“ … consensus is that an undetectable Tg “ … consensus is that an undetectable Tg 
measurement during thyroid hormone measurement during thyroid hormone 
suppression is misleading in a large suppression is misleading in a large 
proportion of patients … ” (Mazzaferri et proportion of patients … ” (Mazzaferri et 
al., JCEM 88:1433, 2003)al., JCEM 88:1433, 2003)

Is this true?Is this true?
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Stimulated versus unstimulated Stimulated versus unstimulated 
Tg Tg –– a look at the factsa look at the facts

Stimulated versus unstimulated Stimulated versus unstimulated 
Tg Tg –– a look at the factsa look at the facts
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Stimulated versus unstimulated Stimulated versus unstimulated 
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Stimulated versus unstimulated Tg Stimulated versus unstimulated Tg –– a a 
look at the factslook at the facts

So …. are 2.6% “…. a large proportion of So …. are 2.6% “…. a large proportion of 
patients …”???patients …”???pp

Stimulated versus unstimulated Tg Stimulated versus unstimulated Tg –– a a 
look at the factslook at the facts

So …. are 2.6% “…. a large proportion of So …. are 2.6% “…. a large proportion of 
patients …”???patients …”???pp

I say: I say: NONO
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Stimulated versus unstimulated Tg Stimulated versus unstimulated Tg –– a a 
look at the factslook at the facts

So …. are 2.6% “…. a large proportion of So …. are 2.6% “…. a large proportion of 
patients …”???patients …”???pp

I say: I say: NONO
Plus: the Tg assays used had a functional Plus: the Tg assays used had a functional 

sensitivity around 1 ng/mLsensitivity around 1 ng/mL

Stimulated versus unstimulated Tg Stimulated versus unstimulated Tg –– a a 
look at the factslook at the facts

So …. are 2.6% “…. a large proportion of So …. are 2.6% “…. a large proportion of 
patients …”???patients …”???pp

I say: I say: NONO
Plus: the Tg assays used had a functional Plus: the Tg assays used had a functional 

sensitivity around 1 ng/mLsensitivity around 1 ng/mL

What happens if you use a more What happens if you use a more 
sensitive assay???sensitive assay???
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Recent Changes in Practice Recent Changes in Practice -- TgTg

••Unstimulated Tg testingUnstimulated Tg testing
Assays with a functional sensitivity of <=0.1Assays with a functional sensitivity of <=0.1--

0 2 ng/mL obviate the need for stimulated Tg0 2 ng/mL obviate the need for stimulated Tg0.2 ng/mL obviate the need for stimulated Tg 0.2 ng/mL obviate the need for stimulated Tg 
testing in most athyrotic patients without testing in most athyrotic patients without 
detectable TgAbdetectable TgAb
••Supported by >10 studiesSupported by >10 studies

••Positive and negative predictive value (compared to Positive and negative predictive value (compared to 
stimulated Tg) of 90stimulated Tg) of 90--100%100%stimulated Tg) of 90stimulated Tg) of 90 100%100%

••False negative rate (=stimulated Tg >2 ng/mL) in False negative rate (=stimulated Tg >2 ng/mL) in 
each study <3%, 2 studies had no “false negatives”each study <3%, 2 studies had no “false negatives”

••4040--130 stimulated Tg tests required to detect a 130 stimulated Tg tests required to detect a 
single potentially “false negative” suppressed Tg single potentially “false negative” suppressed Tg 
(~90% of these turn out to be false positive)(~90% of these turn out to be false positive)

Recent Changes in Practice Recent Changes in Practice -- TgTg

••Unstimulated Tg testingUnstimulated Tg testing

••Tg testing in body fluids/biopsiesTg testing in body fluids/biopsies
 >15 studies support utility of Tg measurement on fine >15 studies support utility of Tg measurement on fine 

needle aspiration biopsy (FNAB) needle washingsneedle aspiration biopsy (FNAB) needle washings

 Tg measurement in needle washes of lymph node Tg measurement in needle washes of lymph node 
FNABs has higher diagnostic rate than cytology FNABs has higher diagnostic rate than cytology 
(>99% versus 80(>99% versus 80--90%)90%)

 Diagnostic agreement of cytology and Tg for samples Diagnostic agreement of cytology and Tg for samples g g y gy g pg g y gy g p
that are diagnostic by both methods: >90% in all that are diagnostic by both methods: >90% in all 
studiesstudies

 Sensitivity and specificity >90% (near 100% in several Sensitivity and specificity >90% (near 100% in several 
studies)studies)
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Clinical performance of Tg measurements Clinical performance of Tg measurements 
in needle washes of lymph node FNABin needle washes of lymph node FNAB

ROCROC--curve for Tg measurements on curve for Tg measurements on 
needle washes of lymph node FNABsneedle washes of lymph node FNABs
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••Types of thyroid cancer covered in this talkTypes of thyroid cancer covered in this talk

••Why we need thyroid cancer markersWhy we need thyroid cancer markersWhy we need thyroid cancer markersWhy we need thyroid cancer markers

••Thyroglobulin (Tg) Thyroglobulin (Tg) –– THE current thyroid THE current thyroid 
cancer markercancer marker

••Some new trends in Tg testingSome new trends in Tg testing

••Novel thyroid cancer markers and why they Novel thyroid cancer markers and why they y y yy y y
are neededare needed

Future challenges Future challenges –– the changing the changing 
epidemiology of thyroid cancerepidemiology of thyroid cancer

•• Thyroid cancer incidence is increasing Thyroid cancer incidence is increasing 
exponentially, mortality is decliningexponentially, mortality is decliningexponentially, mortality is decliningexponentially, mortality is declining

•• Lifetime risk of dying from thyroid for a new Lifetime risk of dying from thyroid for a new 
thyroid cancer patient will fall below 4%thyroid cancer patient will fall below 4%

•• Many future thyroid cancer patients might not Many future thyroid cancer patients might not 
undergo complete thyroid ablationundergo complete thyroid ablation

•• Tg reference ranges linked to residual thyroidTg reference ranges linked to residual thyroid•• Tg reference ranges, linked to residual thyroid Tg reference ranges, linked to residual thyroid 
tissue and TSH levels, will have to be establishedtissue and TSH levels, will have to be established

•• Tumor specific thyroid cancer markers (e.g. tumor Tumor specific thyroid cancer markers (e.g. tumor 
specific mutations) are likely to become specific mutations) are likely to become 
increasingly importantincreasingly important
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The case for tumor specific markersThe case for tumor specific markers

••Specific for the presence of residual or Specific for the presence of residual or 
recurrent disease, rather than for the recurrent disease, rather than for the 
presence of thyroidpresence of thyroid--derived tissuederived tissue

••Might not be affected by autoantibodies to Might not be affected by autoantibodies to 
thyroid antigens, particularly if the marker thyroid antigens, particularly if the marker 
is nucleic acid basedis nucleic acid based

••C ld b f i l ifi f th idC ld b f i l ifi f th id d i dd i d••Could be fairly specific for thyroidCould be fairly specific for thyroid--derived derived 
malignancy, if based on genetic changes malignancy, if based on genetic changes 
that have a very high prevalence in thyroid that have a very high prevalence in thyroid 
tumors, compared to other human tumors, compared to other human 
malignanciesmalignancies

Somatic tumorSomatic tumor--genetic changes in thyroid genetic changes in thyroid 
carcinoma carcinoma –– potential diagnostic targetspotential diagnostic targets

PTC

???

Normal
Thyrocyte

ATC
TP53

-catenin

Rb

???

FA
HCC

FTC

???

???
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Somatic tumorSomatic tumor--genetic changes in thyroid genetic changes in thyroid 
carcinoma carcinoma –– potential diagnostic targetspotential diagnostic targets
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Somatic tumorSomatic tumor--genetic changes in thyroid genetic changes in thyroid 
carcinoma carcinoma –– potential diagnostic targetspotential diagnostic targets
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BRAFBRAF 1799 T1799 T>>A (V600E) mutationA (V600E) mutation
 Accounts for >90% of Accounts for >90% of BRAFBRAF mutations in melanoma & mutations in melanoma & 

papillary thyroid cancerpapillary thyroid cancer

 Not fund in normal tissueNot fund in normal tissue

 TT>A change at NT1799 subs. Glutamic acid for Valine>A change at NT1799 subs. Glutamic acid for Valine

 Results in constitutively active BRAFResults in constitutively active BRAF

 Occurs in 40Occurs in 40--80% of melanomas and PTC; < 10% most 80% of melanomas and PTC; < 10% most 
other cancersother cancers

V600ET599BRAF

S602

(Ras-binding domain) (catalytic & activation domains)

BRAF BRAF 1799T>A assay 1799T>A assay –– allele specific allele specific 
realtime PCRrealtime PCR

original template

c

Uncapped LC640 primer-probe 
(sequence specific for either WT or Mut)

Common reverse primer

Primers anneal

PCR

FITC labeled probe 
(sequence specific) +

PCR
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Detection sensitivity for Detection sensitivity for BRAF BRAF 1799T>A 1799T>A 
positive cells in blood positive cells in blood –– single reactionsingle reaction

0.6

R ti DRO WBC

Blood with defined white blood cell count spiked with 
DRO thyroid cancer cells (hemizygous BRAF1799T>A)

0.3

0.4

0.5

F
2

/F
1

Ratio DRO : WBC

1:10

1:100

1:1,000

1:5 000

Controls

0

0.1

0.2

10 15 20 25 30 35 40 45 50 55

Cycle Number

1:5,000

1:10,000

1:100,000

Detection sensitivity for Detection sensitivity for BRAF BRAF 1799T>A 1799T>A 
positive cells in blood positive cells in blood –– multiple reactionsmultiple reactions

DRO-WBC mix of 1:100,000 re-run in 5 replicates
0.35

0.15

0.2

0.25

0.3

F
2

/F
1

Control
Control

1:100,000 DRO
Spiked samples

0

0.05

0.1

10 15 20 25 30 35 40 45 50

Cycle Number

Spiked samples



29

Demonstrating primerDemonstrating primer--probe probe 
specificityspecificity

0 7

0.8

0 7

0.8

0.3

0.4

0.5

0.6

0.7

F
2

/F
1

WT-primer, WT DNA

Mut-primer, Mut DNA

WT-primer, WT/Mut DNA mix

Mut-primer, WT/Mut DNA mix

WT-primer, Mut DNA0.3

0.4

0.5

0.6

0.7

F
2

/F
1

WT-primer, WT DNA

Mut-primer, Mut DNA

WT-primer, WT/Mut DNA mix

Mut-primer, WT/Mut DNA mix

WT-primer, WT DNA

Mut-primer, Mut DNA

WT-primer, WT/Mut DNA mix

Mut-primer, WT/Mut DNA mix

WT-primer, Mut DNA

0

0.1

0.2

10 15 20 25 30 35 40 45 50 55

Cycle Number

Mut-primer, WT DNA

No template controls

0

0.1

0.2

10 15 20 25 30 35 40 45 50 55
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Circulating Circulating BRAFBRAF1799T>A 1799T>A 
-- The definitive study in thyroid cancer The definitive study in thyroid cancer --

•• Prospective blood collection from Mayo Clinic Rochester Prospective blood collection from Mayo Clinic Rochester 
thyroid cancer patients attending for followthyroid cancer patients attending for follow--up between up between 
5/2004 and 12/20065/2004 and 12/20065/ 00 a d / 0065/ 00 a d / 006
 Adults scheduled for routine blood draw were offered participationAdults scheduled for routine blood draw were offered participation

 193 patients enrolled193 patients enrolled
•• 173 PTC173 PTC
 56 had archival tumor tissue available56 had archival tumor tissue available

•• 20 non20 non--PTC thyroid cancers (FTC, HCC, MTC)PTC thyroid cancers (FTC, HCC, MTC)
 19 had archival tumor tissue available19 had archival tumor tissue available

•• Complete staging and followComplete staging and follow up for all patientsup for all patients•• Complete staging and followComplete staging and follow--up for all patientsup for all patients

•• DNA extracted and frozen, DNA extracted and frozen, BRAFBRAF1799T>A and 1799T>A and BRAFBRAF--WT WT 
assays run in batches of 5assays run in batches of 5--6 patients, blinded to patient 6 patients, blinded to patient 
data.data.

•• Results correlated with clinical data after >=2 year followResults correlated with clinical data after >=2 year follow--
up (12/2008) & archival tissue up (12/2008) & archival tissue BRAFBRAF genotypedgenotyped
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Detection of Detection of BRAF BRAF 1799T>A in blood 1799T>A in blood 
samples of PTC patientssamples of PTC patients
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Prevalence of circulating Prevalence of circulating 
BRAFBRAF1799T>A in thyroid cancer1799T>A in thyroid cancer

••PTCPTC
CirculatingCirculating BRAFBRAF1799T>A +1799T>A + 20/173 (11 6%)20/173 (11 6%)Circulating Circulating BRAFBRAF1799T>A +1799T>A + 20/173 (11.6%)20/173 (11.6%)

Archival tissue Archival tissue BRAFBRAF1799A>T +1799A>T + 42/56 (75%)42/56 (75%)
••Archival +, circulating +Archival +, circulating + 8/42 (19%)8/42 (19%)

••Archival +, circulating Archival +, circulating -- 34/42 (81%)34/42 (81%)

••Archival Archival --, circulating +, circulating + 1/14 (7%)1/14 (7%)

••ArchivalArchival circulatingcirculating 13/14 (93%)13/14 (93%)••Archival Archival --, circulating , circulating -- 13/14 (93%)13/14 (93%)

••NonNon--PTCPTC
Circulating Circulating BRAFBRAF1799T>A +1799T>A + 0/20 (0%)0/20 (0%)

Archival tissue Archival tissue BRAFBRAF1799T>A +1799T>A + 0/19 (0%)0/19 (0%)
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Copy numbers in BRAF1799T>A Copy numbers in BRAF1799T>A 
positive patientspositive patients

BRAFBRAF--status correlates with PTC status correlates with PTC 
disease status at time of blood drawdisease status at time of blood draw

AFDAFD AWDAWDAFDAFD AWDAWD

BRAFBRAF--WT*WT* 111111 3030

BRAFBRAF1799T>A*1799T>A* 1010 88

AWD RR for BRAF1799T>A vs. BRAF-WT: 2.55
(95% CI: 1.08-5.99; 2-tail p<0.04)

* RDX and U/K patients excluded.* RDX and U/K patients excluded.
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BRAFBRAF--status and Tgstatus and Tg

•• 9 9 BRAFBRAF1799A>T positive patients had Tg levels 1799A>T positive patients had Tg levels 
>0.1 ng/mL.>0.1 ng/mL.

•• 1 1 BRAFBRAF1799A>T positive patient had a likely 1799A>T positive patient had a likely 
false low Tg (<0.1 ng/mL), based on TgAB levels false low Tg (<0.1 ng/mL), based on TgAB levels 
of 66 kIU/Lof 66 kIU/L

•• No difference between No difference between BRAFBRAF--WT and WT and 
BRAFBRAF1799A>T positive patients regarding 1799A>T positive patients regarding 
proportion of patients with Tg >0.1 ng/mLproportion of patients with Tg >0.1 ng/mL

•• Among TgAB negative patients, Among TgAB negative patients, BRAFBRAF testing testing 
did not detect any recurrences that would not did not detect any recurrences that would not 
have been detected by Tg >0.1 ng/mLhave been detected by Tg >0.1 ng/mL

Conclusions about the utility of Conclusions about the utility of 
detection of circulating detection of circulating BRAFBRAF1799T>A1799T>A

•• Detected in approximately 20% of patients with a Detected in approximately 20% of patients with a 
BRAFBRAF1799T>A mutation in their primary tumor1799T>A mutation in their primary tumor
 Some negative correlation with time since treatmentSome negative correlation with time since treatment

•• Occurs rarely, if ever, in the absence of a Occurs rarely, if ever, in the absence of a 
BRAFBRAF1799T>A mutation in the primary1799T>A mutation in the primary

•• Correlates with disease status and is concordant Correlates with disease status and is concordant 
with Tg status in TgAB negative patientswith Tg status in TgAB negative patients

•• Does not add substantial value over Tg in TgAB Does not add substantial value over Tg in TgAB 
negative patients without thyroid tissue negative patients without thyroid tissue –– this this 
conclusion might change in patients with sizable conclusion might change in patients with sizable 
remnant glandsremnant glands

•• Potentially adds value in TgAB positive patientsPotentially adds value in TgAB positive patients
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Additional assays that have already Additional assays that have already 
developed in the labdeveloped in the lab

HRASHRASHRASHRAS

KRASKRAS

NRASNRAS

RET/PTC1RET/PTC1

RET/PTC2RET/PTC2RET/PTC2RET/PTC2

RET/PTC3RET/PTC3

PAX8/PPARPAX8/PPAR

Some “far off” stuff we are working onSome “far off” stuff we are working on

••Circulating micro RNA in thyroid cancerCirculating micro RNA in thyroid cancer

•• Individual patient “tumor genetic profile”Individual patient “tumor genetic profile”Individual patient tumor genetic profile  Individual patient tumor genetic profile  
at diagnosisat diagnosis

••Linking genetic changes with drug Linking genetic changes with drug 
responses (kinase inhibitors, PPARg responses (kinase inhibitors, PPARg 
agnoists, conventional chemotherapy agnoists, conventional chemotherapy 
d )d )drugs)drugs)
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Thank YouThank You

Questions?Questions?


