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55 Year-Old women with Thyroid
Cancer

Diagnosed with papillary thyroid cancer 15
years before and was treated with
thyroidectomy and radiation therapy.

Treated with thyroid hormone to keep TSH
about 0.05-0.1.

Tg antibody positive and Tg recovery was 35%
Chest film yearly negative

Refused RAI scans
Tg by LC/MS/MS undetectable.



Objectives

Know how to diagnose thyroid nodules
Know the main causes of thyroid nodules
Know risk factors of thyroid cancer

List your approach to distinguish benign from
malignant thyroid nodules.

What is the role of thyroglobulin
measurements in follow up of thyroid cancer?
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Thyroid Nodules and Cancer

Epidemiology

Risk Factors
Diagnostic Procedures
Staging

Treatment

Follow-up

Survival



Thyroid Cancer and Nodules

* Thyroid nodules

— Incidence, 5-8%

— Thyroid cancer in 5-6.5% of nodules
* Thyroid cancer

— 0.4% of all cancer deaths



The changing incidence of thyroid cancer as related to age. [Derived from (4).].
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Incidence Rates of Thyroid Cancer in the United States, 1980-2005

® White Women & White Men “1Black Women ™ Black Men
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Incidence Rates According to Tumor Increased Incidence According to Tumor
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Papillary Thyroid Cancer Incidence Rates of Tumors
Larger than 1 cm and Papillary Microcarcinomas in

Women
Rates per 100,000 in Women
== Macrocarcinomas m Microcarcinomas
6 6
S 1 4.52 S
3.94
4 - 4
I/"
3 3
2,19
2 -4 2] %
1 | i 078,"’ i 1 | ) /10.817
" 014, |
0 0 [==2—
& 1978-1985 1986-1993 1994-2001 1978-1985 1986-1993 1994-2001

Clinical Thyroidology Volume 21 Issue 5 2009

Rego-lraeta et al Clin Thyroidology 21:16-18, 2009



Risks of Thyroid Cancer

* Age
e Children
e Adults: 20-60 years of age

Hereditary

— Medullary
* Ret oncogene

— Papillary



Radiation Exposure Increases
Thyroid Cancer Risk

External irradiation of head and neck
Radioactive fallout
Children particularly at risk

Screening of exposed persons is
recommended vs. routine detection

Screening includes scintiscans or ultrasound

FNA Biopsy nodules >1cm or <1 cm if changes
suggest cancer
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Age Distribution Thyroid Cancer
Belarus Children

207 (82,9 %)

]
i, Black= childhood
5 White= adolescent

Spitzweg et al,
JCEM 86: 3327-
35, 2001
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Oncogenes and Tumor Suppressor Genes in Thyroid Tumors
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Diagnostic Procedures

* Fine needle aspiration biopsy (FNA)
* Ultrasound

— Improves FNA diagnostic accuracy, particularly in
technically difficult lesions or cystic-solid lesions

* Scintiscan
— Useful for patients who are hyperthyroid



Detection of Thyroid Nodules:
Palpation vs. Ultrasound
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Fig. 1. Comparison between results of clinical palpation and ultrasound scan-
ning (USS) in detection of thyroid nodules in 420 study patients. Patients were
subclassified into three categories: with no thyroid nodule (group A), with a
single thyroid nodule (group B), or with a multinodular goiter (group C).

Deandrea et al Endocrine Pract. 8:282, 2002



Thyroid Incidentalomas

* 1-1.5 cm nodule and risk factors-biopsy
* Cancer detected in 7 of 119 >1 cm
* 5% of 450 nonpalpable nodules have cancer

e Solid, hypoechoic nodules increase likelihood
of cancer

* Microcalcification increases risk of cancer to
29%

Leenhardt et al JCEM 84:24, 1999; Hagag et al Thyroid 8:989, 1998



Thyroid Ultrasound (US)

Sensitivity, 2-3 mm

Palpable nodule, 20-40% have additional
nodules detected by US

20% have a nodules<lcm, not recommended
for FNA unless hypoechoic or
microcalcification is observed

Nodules <1cm, 30% have non-diagnostic
cytology



Thyroid Ultrasound’s Detection of
NonpalpableThyroid Nodules

Nonpalpable recurrent papillary
thyroid carcinomaSonogram of the
right thyroid lobe in the longitudinal
plane fram a patient who had had a left
[obectomy for papillary thyroid
carcinomaAlthough the physical
examination was normal, the sonogram
shows a 8.6 mm hypoechogenic nodule
farrow) that represented tumor. L =

thyroid lobe. Courtesy of Manfred Blum,
MO



Benign Thyroid Epithelium




Psammoma body Fine needle aspirate of a papillary
carcinoma of the thyroid showing a psammoma body.
The laminations can best be appreciated under the
microscope by moving the depth of Tocus.



Follicular Epithelial Pattern,
Adenoma
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FNA Cytologic Results

Nondiagnostic

Benign

— Macrofollicular

— Colloid adenomas

— Thyroiditis

Suspicious or indeterminate

— Miicrofollicular or
follicular neoplasms

Malignant

Repeat with US guidance

Follow

Surgical excision

Total thyroidectomy, RAI, T4
Follow thyroglobulin



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.

N Engl J Med
Volume 367(8):705-715
August 23, 2012
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Study Overview

» A significant fraction of fine-needle aspirates obtained from thyroid
nodules are read as indeterminate.

* A new molecular test accurately predicts whether a cytologically
indeterminate nodule is benign 93% of the time, permitting a
conservative approach to management.

The NEW ENGLAND
JOURNALof MEDICINE




Indeterminate Cytology (Veracyte)

15-30% FNAs indeterminate
Expression 167 genes
85/265 indeterminate malignant

78/85 gene-expression classifier correctly
identified malignancy

Sensitivity 92% (CL 84-97%)
Negative predictive value, 85-95%



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.

The NEW ENGLAND
JOURNALof MEDICINE




TABLE 1. Cytological and molecular results of
ultrasonographic guided FNAB for the patients with
thyroid nodules

Cytological BRAFVeC0E  BRAFV6O00E

diagnoses (+) (-) Total
Benign 0 (0%) 504 (100%) 504 (58.5%)
ACUS 45 (31.9%) 96 (68.1%) 141 (16.3%)
Suspicious for FN 1(10%) 9 (90%) 10 (1.2%)
Suspicious for 46 (85.2%) 8(14.8%) 54 (6.2%)

malignancy
Malignant 129(92.1%) 11(79%) 140(16.2%)
Nondiagnostic NA NA 16 (1.8%)
Total 221 (25.5%) 644 (74.5%) 865 (100%)

FN. Follicular neopnlasm: NA. not available.
ACUS=atypical cells of undetermined significance
Kim et al JCEM 96: 658-64, 2011



TABLE 2. Comparison of two diagnostic tests for
detecting thyroid malignancy in thyroid nodules

Cytology and

BRAFVGOOE BRAFVGOOE

Cytology mutation mutation
Sensitivity 100 89.6 89.6
Specificity 36.4 95.5 95.5
PPV 92.9 99.4 99.4
NPV 100 52.5 52.5
Accuracy 93.3 90.2 90.2

Kk value 051011 0.63 =0.07 0.63 = 0.07

The permanent pathological diagnosis was used as a reference test to
calculate each parameter.

Kim et al JCEM 96: 658-64, 2011



Approximately 5% of Siblings of
patients are also Diagnosed with
Thyroid Cancer

TABLE 2. STAGE OF THE TUMORS DISCOVERED BY ULTRASONOGRAPHIC SCREENING
OF SIBLINGS OF PATIENTS WITH PAPILLARY THYROID CANCER

Tla T1b (tumor >1cm T3 (tumor with
(tumor <1cm) and <2cm) extrathyroid invasion)
Nx (apparently no lymph nodes affected)® 21 6 6
N1la (central cervical metastases) 4 2 3
N1b (lateral cervical metastases) 0 1 0
Total 25 9 9

Total

33
9
1

43

“Lymph node dissection was only performed in the case of a pre- or perioperative suspicion of metastasis, not prophylactically.

Rosario et al Thyroid 22: 805-8, 2012



Thyroid Cancer Staging

THH Classification System for Differentiated Thyroid Carcinoma

Definition

T1 Turmor diameter <1 cm

T2 FPrirnary turnot diarmeter 1-4 cr

TS FPrirnary turnor diareter =4 cr

T4 Prirnary tumor invasion beyond the thyroid gland capsule

TH Prirnary tumor size unknown, but without extrathyroidal invasion
MO Mo rnetastatic nodes

M1a Ipsilateral cervical node metastaszes
MNZb Bilateral, midline , contralateral, or mediastinal node retastases
M Modes not assessed at surgery

0 Mo distant metastases
1 Diztant metastazes
s Distant metastases not assessed

Stages
Patient age €45 ywears Patient age 45 years or older
Stage | Ay T, any M, MO T1, MO, MO
Stage I Ay T, any M, M1 T2, MO, MO
T3, MO, FO
Stage I T4, MO, MO

Ay T, M1, MO

Stage IV Ay T, amye M, M1



Screening compared to Routine
Detection of Thyroid Cancer

* High risk populations
— Radiation fallout
— Head and neck irradiation
— Family History



Prognosis: Recurrence & Cancer Death

§ Treatment and Management of
Thyroid Cancer

m Treatment

- Surgery
-~ Radioiodine

—~ TSH-suppressive thyroid hormone therapy

® Monitoring

-~ Serum thyroglobulin measurement
-~ Whole-body 31| scanning

Fuchshuber et ak: Oncology. 1998;12.99-106.
Schiumberger ot al: N Engl J Med. 1998;338:207-3086.

Mazzaleri: Am J Med. 19594.97:418-428.




Copyrights apply

Initial American Thyroid Association risk of recurrence
classification

Low risk Intermediate risk High risk
All of the following Any of the following is Any of the
are present: present: following is

. . . ; present:
Mo local or distant Microscopic invasion
metastases into the perithyroidal Macroscopic

soft tissues tumor
All macroscopic Invasion
tumor has been Cervical lymph node
resected metastases or 1311 Incomplete
) ) uptake outside the tumor
No invasion of thyroid bed on the resection
locoregional post-treatment scan with gross
tissues done after thyroid residual
remnant ablation disease

Tumor does not
have aggressive Tumor with aggressive Distant
histology (eg, tall histology or vascular metastases
cell, insular, invasion (eg, tall cell,
columnar cell insular, columnar cell
carcinoma, Hurthle carcinoma, Hurthle cell
cell carcinoma, carcinoma, follicular
follicular thyroid thyroid cancer)
cancer)
No vascular
invasion

No 131 uptake
outside the thyroid
bed on the post-
treatment scan, if
done

Reproduced with permission from: Tuttfe RM, Tala H, Shah 1, et al.
Estimating risk of recurrence in differentiated thyroid cancer after total
thyroidectemy and radicactive jodine remnant ablation: using response to
therapy variables to modify the initial risk estimates predicted by the new
American Thyroid Asscciation staging system. Thyroid 2010; 20:1341.

Copyright © 2010 Mary Ann Liebert, Inc.



Logistic Analysis of Predictive Factors for

Disease Recurrence

: « With Recurrence (N =48) ® Without Recurrence (N = 420)
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Years after therapy

Radioiodine ablation reduces recurrence and mortality in stage Il and
stage |1l thyroid cancer Long-term development of recurrent disease (left panel]
or death iright panel) from thyroid cancer in patients without distant metastases at
presentation, who received either 131-1 ablation {red dashed lines) or no ablatiaon
(blue salid linesg). (Data from Mazzaferri, EL, Jhiang, SM, Am J Med 19394, 97:415.)



Clinicopathologic Factors Correlated with TgAb Levels at 6 to 12 Mo
Percent ® TgAb2-positive @ TgAb2-negative

69T

Multifocal Absence of Extension Central and Tumor
Tumor Lymph-Node beyond Lateral Recurrence
© Metastases Thyroid Lymph-Node
Q Capsule Metastases

\\\\\\\\\\

Fig. 1

Clinical Thyroidology Volume 21 Issue 1 2009

Kim et al Clin Thyroidology 21:29-31, 2009



Clinopathologic Factors Associated with Recurrent Disease
Hazard Ratio (HR)

1059 F

Tumor size 2 4 Extrathyroidal Positive Shorter
cm Extension TgAB2 Disease Free
Suvival
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Clinical Thyroidology Volume 21 Issue 1 2009

Kim et al Clin Thvroidologv 21:29-31. 2009



The Association of Recurrent/Persistent Disease with Changing TgAb2 Values
Percentwith persistentdisease

Group 1 Group 2 Group 3
®© TgAb2 Decline TgAb2 Decline TgAb2
>50% <50% Increase

Fig. 4

Clinical Thyroidology Volume 21 Issue 1 2009

Kim et al Clin Thyroidology 21:29-31, 2009



Recombinant Human TSH Use in
Treatment of Thyroid Cancer

rh-TSH can be used in patients on thyroid
hormone

Tg response can be measured

Radioiodine therapy can be administered
following its stimulation of thyroid tissue

Are the results as good as with withdrawal of
thyroid hormone and RAIl therapy?



Thyroglobulin (Tg) as a Tumor Marker

Post thyroidectomy and radioiodine therapy serum
Tg should be unmeasureable

Thyroid hormone therapy will reduce levels in
hormone responsive tissue, benign or cancerous

Less well differentiated thyroid cancer may not
produce Tg

Antithyroglobulin antibodies interfere with Tg
measurements by |IA and results must be interpreted
with caution and may be unreliable



Main Points of Thyroid Cancer
Treatment

Early treatment is critical to outcome
Main location of disease: neck and lung

Best detected by Tg under TSH stimulation
— T4 withdrawal Tg > 10 ng/ml
— rh-TSH Tg > 2 ng/ml

Follow up whole body scan less useful

Post-therapy (high dose) whole body scans are
best



Thyroid Hormone’s Effect on Serum
Thyroglobulin

_TREATEDPATIENTS (n=42)
L OfL-T4 On L-T4
210 ¢ Y [ ‘
i A Thyroid bed |
180 3
e & Lymph Node
150 4 : |
T ' sa e Lungs Lymph |
Seru 1220 4
(ng/mil) 2 a0 o No Uptake
9 - [
o
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Fic. 2. Relationship between the results of the '*'I posttherapy WBS
and the mdividual values of serum Tg both off and on L-T, before
therapr. N.D., Not detectable.

Pacini et al JCEM 86:4092-97, 2001
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Thyroglobulin ng/dL
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Positive Test rhTSH Tg>2 ng/mL

During First rhTSH Study

Positive Test LT4 Tg>0.5 ng/mL

During First rhTSH Study

Tg>2
N=20

Tg<2
N=87

Tumor  Tumor
Positive Negative
N=18 N=89
16 4
TP FP
2% 85
FN TN
Sensitivity Specificity
89% 96%

PPV
80%

NPV
98%

Kloos et al JCEM 90:5047-57, 2005

Tumor  Tumor
Positive Negative

N=18 N=89
Tg>0.5 4 1 PPV
N=5 TP FP 80%
Tg<0.5 14+ 88 NPV
N=102 FN TN 86%

Sensitivity Specificity
22% 99%
Figure 4




Summary

Thyroid nodules are common

— About 10% > 1 cm are malighant
Thryoid cancer is more common in women

Thyroid FNA and Ultrasound are most useful
in diagnosis

Staging correlates with prognosis

Early treatment reduces risk of recurrence
and death



Summary (continued)

 Tg measurement is highly useful in follow up
for recurrence, particularly after rh-TSH or
withdrawal from thyroid hormone

* Triple therapy

— Includes near total thyroidectomy, RAl and TSH
suppression with T4

— greatly reduces recurrence rates and death.



Triple Antibody Tg Assay

Antisera to three epitopes was produced

Rationale binding to epitope site not used by
AntiTgAb

Assay compared well with other Tg assays
Did not overcome the AntiTgAb interference



Quantitative Real Time RT-PCR
Assay for the Detection of Thyroid
Specific mRNAs

Cindy Meadows
Supervisor Molecular Hematopathology & Genetics
ARUP Laboratories






Thyroglobulin and thyroid cancer:
part 2 of presentation: analytical
method and performance

Alan L. Rockwood, Mark M. Kushnir, A.
Wayne Meikle

Pathology Grand Rounds

University of Utah
16 November 2012



Learning objectives for part 2

* Relevant concepts of tandem mass
spectrometry and liguid chromatography-
tandem mass spectrometry (LC-MS/MS)

* Use of peptide generated by tryptic digestion
of thyroglobulin as surrogate for Thyroglobulin
analysis (SISCAPA technique)

e Application of these principles to analysis of
thyroglobulin



Thyroglobulin

* Thyroglobulin is dimer-protein

* Molecular weight: 660,000
 Thyroglobulin synthesized only in thyroid
* 19 epitopes for antibody binding



Thyroglobulin Autoantibodies (Tg-AAb)
Interfere with Measurement of Tg

Currently immunoassays (lAs) are i
the only methodology for Tg testing |
Immune based diagnostic tests for

Tg use capture and detection

. . \ :
antibodies ; A
|As work for samples from patients g |

who don’t have Tg-AAb

Presence of Tg-AAb causes false-
negative results in Tg immunoassays

-

http://www.medscape.com
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Mass Spec Concepts



What a Mass Spectrometer Measures

* Mass to charge ratio (m/z), or roughly
speaking the molecular weight

— What is the compound?

 Relative abundance
— How much is there?



Tandem Mass Spectrometer
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Product Ion Mass Spectrum of Tg-specific
Peptide
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Product Ion Mass Spectrum of Tg-specific
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Adding a liquid chromatograph to a
tandem mass spectrometer

Liquid chromatograph = Tandem mass
sample spectrometer

* Molecules characterized by three physical
properties
— Chromatographic retention time
— Parent ion mass
— Daughter ion mass



Adding a liquid chromatograph to a
tandem mass spectrometer

Liquid chromatograph > Tandem mass
sample spectrometer

* Molecules characterized by three physical
properties
— Chromatographic retention time
— Parent ion mass
— Daughter ion mass

* Even more selective for quantitative analysis
than tandem mass spectrometry alone



Digestion by trypsin



Trypsin cuts proteins at Arg and/or Lys
residues

Lysine oF
Arginine
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Trypsin cuts proteins at Arg and/or Lys
residues

Lysine oF
Arginine

A

Products are peptides
of specific composmons Trypein dgestion

Iz.'



Tryptic Peptides from Proteins

. trypsi .
Protein R, Peptides

A selected tryptic peptide can act as a
surrogate marker for the protein



Tryptic Digest of Thyroglobulin

 Tryptic digest of Tg
produces more than 400
peptides

-

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761

malvleiftl
vgcgndgrsc
qdsgdyapvqg
pgcsaegefm
qgrelaetgl
ceverftats
ggscaserqq
llrpmveggs
ggfnlsgalg
dgtmnkptvg
tvldsgtceqg
dcekgrarmg
gkpkkcptpe
vfelygrwea
slgdvplaal
vdeaggeleg
kgirlrnedl
lrsgpympqc
tsgllsswkg
saqgcpslenv
rvtgggpace
licslesgrw
ldeltargfc
dlhdieralv
egfyqvltse
agafsqthcv
dsgclmmgkf
epeiscdfya
qgstttlgkr
vgggaiicgl
ltplegtgdt
ngvivngngs
ypeaqveddi
vpmseksisn
awrildcgsp
vvdpsirhfd
scthslggrn
wkqvdgflgv
lylnvfipgn
flssgsgevs
tnsglfrrav
Indaqgtklla
avkgfeesrg
natrdyfiic
gqfsleeksl
ellpnrqglk
gsktysk

lasicwvsan
wevgangsev
cdvghvgcwe
pvgckfvntt
ellldeiydt
fghpyvpscr
alsrlyfgts
qggfsvsenll
trgtfnfsqf
sfgfeinlqge
tperlfvpsc
slmgsgpags
qlgsegaflr
gnkgagdltpa
egkrpgpren
mrsepsklpt
glpplfppre
dafgswepvg
arsgenpspk
lksgvlsrrv
sprcplpfna
esqglpgprac
giqvktfgtl
gkdllgrftd
asqdglgcvk
tdcgrneagl
ekvpeskvif
wtsdnvacmt
feptgfgnml
lsspsvllcn
ftnfgqgvylw
1ssgkhwlfk
mesntqggcrl
gffecerrcd
dievhtypfg
vahvstaats
crlllreeat
pyaapplaer
vapnasvlvf
gnwglldqva
1mggsalspa
vsgpfhywgp
rtssktafyq
piidmasawa
slkimqyfsh
kadcsfwsky

ifeyqvdagp
lgsrgpgrpv
vdaegmevyg
dmmifdlvhs
ifagldlpst
rngdygavqgc
gyfsghdlfs
keairaifps
fqqlglasfl
ngnalkflas
ttegsyedvg
tlfvpactse
tvgallsnss
k1lvkimsyr
illepylfwg
cpgsceeakl
afaeflrgsd
chagtghcwe
dlfvpaclet
spgyvpacra
sevvggtilc
grpglwgtiq
vsipvennss
ligsgsfqlh
chegsysqde
gcdgngqgyra
danapvavrs
sdgkrdalgn
sglynpivfs
vkdwmdpsea
kdsdmgsrpe
hlfsagganl
ilpampkalf
adpcctgfgf
wygkpiagnn
nfsavrdlcl
hiyrkpgisl
hfgapeplnw
fhntmdrees
altwvgthir
avisheraqq
vidghflrep
algnslgged
krargnvfmy
firsgnpnyp
isslktsadg

lrpcelqret
aclsfecqglgk
trglgrpkre
ynrfpdafvt
ftettlyril
gtegpcwevd
spekrwaspr
rglarlalqgf
nggrgedlak
llelpefllf
cfsgecwcvn
ghflpvgcfn
mlptlsdtyi
ecaasgnfslf
ilngqlsqyp
rvlgfirete
vairlaagst
vdekggfipg
geyarlgasg
edggfspvqc
etisgptgsa
taghfglglp
vqvgcltrer
ldsktfpaet
ecipcpvgfy
sgkdrgsgka
kvpdse fpvm
skatsfgslr
asganltdah
wanatcpgvt
smgcrkntvp
wclsrcvgeh
rkkviledkv
1nvsglkgge
apsfcplvvl
secsgheacl
lsyeasvpsv
tgswdaskpr
egwpaidgsf
gfggdprrvs
qaialakevs
paralkrslw
sdarveaaat
hapenyghgs
yefsrkvptf

akgggsaese

aflkgadyvp
ggillsgyin
prsceirnrr
fssfqrrfpe
grrflavgsy
aggkemhgtr
varfatscpp
ttnpkrlggn
plsvgldsns
lghaisvped
swgkelpgsr
secycvdaeg
pgcstdggwr
igslyeagqq
gsysdfstpl
eivsasnssr
1sfyqrrrfs
sltarslqgip
agtwcvdpas
dgaggscwev
mggcgqllcrg
pgkmcsadya
lgvnvtwksr
irflggdhfg
gegagslacv
fovdgegrrl
gcltdctede
cqvkvrshgg
1fcllacdrd
ydgeshqgvil
rpaspteagl
sfcqlaeite
knfytrlpfqg
vtcltlnslg
psltekvsle
ittlgtglga
pisthgrllg
ascwgpgtrt
laavgnlivv
laadrggadv
cpmsssgevv
vevdlligss
wyyslehstd
lelladvgfa
atpwpdfvpr
eeeltagsgl

gcaedgsfqgt
stdtsylpqgc
11hgvgdksp
vsgychcads
isgrfreptk
qqgeppscae
tikelfvdsg
lfggkflvnv
stgtpeaakk
vardlgdvme
vrdggprept
qaipgtrsai
qvgengppeq
dvfpvlsqyp
ahfdlrncwe
fplgesflva
pddsagasal
qcpttceksr
geelrpgsss
mdsgeevpgt
gswsvEippgp
gllgtfqufi
ledipvaslp
tsprtrfges
pcpvgrttis
pwweteaple
acsfftvstt
dspavylkkg
lccdgfvltg
rlgdgefiks
ttelfspvdl
saslyftctl
klmgisirnk
igmcseengg
swgslalssv
vrcmfyadtg
rsgaigvgts
stspgvsedc
tasyrvgvfg
asihlltara
sclrgkpanv
gddglinrak
dyasfsrale
lglpfypaye
aggenykefs
redllslgep



Tryptic Digest of Thyroglobulin

-

malvleiftl lasicwvsan ifeyqvdagp lrpcelqret aflkgadyvp qcaedgsfqt
™ - 61 vgcgndgrsc wcvgangsev lgsrgpgrpv aclsfcglgk ggillsgyin stdtsylpge

121 gdsgdyapvg cdvghvgcewe vdaegmevyg trglgrpkrc prsceirnrr 1lhgvgdksp

. r I C I eS O 181 pgcsaegefm pvgckfvntt dmmifdlvhs ynrfpdafvt fssfqrrfpe vsgychcads
241 ggrelaetgl ellldeiydt ifagldlpst ftettlyril qrrflavgsv isgrfrcptk

301 ceverftats fghpyvpscr rngdygavqc gtegpcwevd aggkemhgtr gggeppscae

361 ggscaserqq alsrlyfgts gyfsqghdlfs spekrwaspr varfatscpp tikelfvdsg

rO u CeS m O re t an 400 421 llrpmvegqgs qqfsvsenll keairaifps rglarlalgf ttnpkrlggn lfggkflvnv

481 gqfnlsgalg trgtfnfsqf fgglglasfl nggrgedlak plsvgldsns stgtpeaakk

541 dgtmnkptvg sfgfeinlge ngnalkflas llelpefllf lghaisvped vardlgdvme

- 601 tvldsqgtceq tperlfvpsc ttegsyedvqg cfsgecwcvn swgkelpgsr vrdggprcpt

661 dcekgrarmq slmgsgpags tlfvpactse ghflpvgcfn secycvdaeg gaipgtrsai

pe p I eS 721 gkpkkcptpe glgseqaflr tvgallsnss mlptlsdtyi pgestdgawr gvgengppeq
781 vfelygrwea qnkggdltpa kllvkimsyr eaasgnfslf igslyeagqq dvfpvlsqyp

841 slgdvplaal egkrpgpren illepylfwg ilngqglsqyp gsysdfstpl ahfdlrncwc

901 vdeaggeleg mrsepsklpt cpgsceeakl rvlgfirete eivsasnssr fplgesflva

961 kgirlrnedl glpplfppre afaeflrgsd yairlaagst lsfyqrrrfs pddsagasal

1021 lrsgpympgc dafgswepvq chagtghcwe vdekggfipg sltarslgip gcpttceksr

1081 tsgllsswkq arsqenpspk dlfvpaclet geyarlgasg agtwcvdpas geelrpgsss

1141 saqgcpslenv lksgvlsrrv spgyvpacra edggfspvgc dgaggscwcv mdsgeevpgt

1201 rvtgggpace sprcplpfna sevvggtilc etisgptgsa mggcqllcrg gswsvippgp

1261 licslesgrw esglpgprac qrpglwgtig tqghfglglp pgkmcsadya gllgtfqufi

[
. O I l e O r I I l O re p e p I I e S 1321 ldeltargfc gigvktfgtl vsipvcnnss vgvgcltrer lgvnvtwksr ledipvaslp
1381

dlhdieralv gkdllgrftd ligsgsfqlh ldsktfpaet irflggdhfg tsprtrfgcs

1441 egfyqultse asqdglg chegsysqi ecipcpvgfy geqagslacv pepvgrttis

1501 agafsgthcv tdeqr

selected and measured as oL

1681 ggstttlgkr feptgfgnml

gedanggyra \akdrgsgka fovdgegrrl pwweteaple

danapvavrs pdsefpvm gcltdctede acsfftvstt
sdgkrdalggfskatsfgslr cqukvrshgq dspavylkkg
sG
1741 vgggaiicgl lsspsvllcn vkdwmdpsea wanatcpgvt ydgeshgvil rlgdgefiks
1801 ltplegtgdt ftnfggvylw kdsdmgsrpe smgcrkntvp rpaspteagl ttelfspvdl
S u r roga te O r g 1861 ngvivngngs lssgkhwlfk hlfsagganl wclsrcvgeh sfcglaeite saslyftctl

1921 ypeaqvcddi mesntggcerl ilpagmpkalf rkkviledkv knfytrlpfq klmgisirnk

PMPLvEs asganltdah lfcllacdrd lecdgfvltq

1981 vpmseksisn gffecerrcd adpcctgfgf lnvsglkgge vtcltlnslg iqmeseengg
2041 awrildegsp dievhtypfg wygkpiagnn apsfcplvvl psltekvsle swgslalssv
2101 vvdpsirhfd vahvstaats nfsavrdlcl secsgheacl ittlgtglga vremfyadtq
2161 scthslqgrn crlllreeat hiyrkpgisl lsyeasvpsv pisthgrllg rsgaiqgvgts
2221 wkqvdqflgv pyaapplaer hfgapeplnw tgswdaskpr ascwgpgtrt stspgvsedc
2281 lylnvfipgn vapnasvlvf fhntmdrees egwpaidgsf laavgnlivv tasyrvgvig
2341 flssgsgevs gnwglldgva altwvqthir gfggdprrvs laadrggadv asihlltara
2401 tnsqlfrrav lmggsalspa avisheraqq gaialakevs cpmsssgevv sclrgkpanv
2461 lndagtklla vsgpfhywgp vidghflrep paralkrslw vevdlligss gddglinrak
2521 avkqfeesrg rtssktafyq algnslgged sdarveaaat wyyslehstd dyasfsrale
2581 natrdyfiic piidmasawa krargnvfmy hapenyghgs lelladvgfa lglpfypaye
2641 ggfsleeksl slkimgyfsh firsgnpnyp yefsrkvptf atpwpdfvpr aggenykefs
2701 ellpnrqglk kadcsfwsky isslktsadg akgggsaese eeeltagsgl redllslgep
2761 gsktysk



Tryptic Digest of Thyroglobulin

* Tryptic
produces more than 400

peptides

One

or

digest

maore

of Tg

peptides

selected and measured as
surrogate for Tg

Sequence: VIFDANAPVAVR

-

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921

2341
2401
2461
2521
2581
2641
2701
2761

malvleiftl
vgcgndgrsc
qdsgdyapvqg
pgcsaegefm
qgrelaetgl
ceverftats
ggscaserqq
llrpmveggs
ggfnlsgalg
dgtmnkptvg
tvldsgtceqg
dcekgrarmg
gkpkkcptpe
vfelygrwea
slgdvplaal
vdeaggeleg
kgirlrnedl
lrsgpympgc
tsgllsswkg
saqgcpslenv
rvtgggpace
licslesgrw
ldeltargfc
dlhdieralv
egfyqvltse
agafsqthcv
dsgclmmgkf
epeiscdfya
qgstttlgkr
vgggaiicgl

mseksisn
awrildcgsp
vvdpsirhfd
scthslggrn
wkqvdgflgv
lylnvfipgn
flssgsgevs
tnsglfrrav
Indaqgtklla
avkgfeesrg
natrdyfiic
gqfsleeksl
ellpnrqglk
gsktysk

lasicwvsan
wevgangsev
cdvghvgewe
pvgckfvntt
ellldeiydt
fghpyvpscr
alsrlyfgts
qggfsvsenll
trgtfnfsqf
sfgfeinlqge
tperlfvpsc
slmgsgpags
qlgsegaflr
gnkgagdltpa
egkrpgpren
mrsepsklpt
glpplfppre
dafgswepvg
arsgenpspk
lksgvlsrrv
sprcplpfna
esglpgprac
giqvktfgtl
gkdllgrftd

ftnfgqqvylw
1ssqkhwlfk
mesntggcrl
gffecerrcd
dievhtypfg
vahvstaats
crlllreeat
pyaapplaer
vapnasvlvf
gnwglldqva
1mggsalspa
vsgpfhywgp
rtssktafyq
piidmasawa
slkimqyfsh
kadcsfwsky

ifeyqvdagp
lgsrgpgrpv
vdaegmevyg
dmmifdlvhs
ifagldlpst
rngdygavqgc
gyfsghdlfs
keairaifps
fqqlglasfl
ngnalkflas
ttegsyedvg
tlfvpactse
tvgallsnss
k1lvkimsyr
illepylfuwq
cpgsceeakl
afaeflrgsd
chagtghcwe
dlfvpaclet
spgyvpacra
sevvggtilc
grpglwgtiq
vsipvennss
ligsgsfqlh
chegsysqQ®
gcdgngqgyra
danapvavrs
sdgkrdalgg
sG

vkdwmdpsea

ynpivfs

kdsdmgsrpe
hlfsagganl
ilpampkalf
adpcctgfgf
wygkpiagnn
nfsavrdlcl
hiyrkpgisl
hfgapeplnw
fhntmdrees
altwvgthir
avisheraqq
vidghflrep
algnslgged
krargnvfmy
£irsgnpnyp
isslktsadg

lrpcelqret
aclsfecqglgk
trglgrpkre
ynrfpdafvt
ftettlyril
gtegpcwevd
spekrwaspr
rglarlalqgf
nggrgedlak
llelpefllf
cfsgecwcvn
ghflpvgcfn
mlptlsdtyi
ecaasgnfslf
ilngglsqyp
rvlgfirete
vairlaagst
vdekggfipg
geyarlgasg
edggfspvqc
etisgptgsa
taghfglglp
vqvgcltrer
ldsktfpaet

ecipcpvgfy

skatsfgslr
asganltdah
wanatcpgvt
smgcrkntvp
wclsrcvgeh
rkkviledkv
1nvsglkgge
apsfcplvvl
secsgheacl
lsyeasvpsv
tgswdaskpr
egwpaidgsf
gfggdprrvs
qaialakevs
paralkrslw
sdarveaaat
hapenyghgs
yefsrkvptf

akgggsaese

aflkqadyvp
ggillsgyin
prsceirnrr
fssfqrrfpe
grrflavgsy
aggkemhgtr
varfatscpp
ttnpkrlggn
plsvgldsns
lghaisvped
swgkelpgsr
secycvdaeg
pgcstdggwr
igslyeagqq
gsysdfstpl
eivsasnssr
1sfyqrrrfs
sltarslqgip
agtwcvdpas
dgaggscwev
mggcgqllcrg
pokmesadya
lgvnvtwksr
irflggdhfg
gegagslacv
fovdgegrrl
gcltdctede
cqvkvrshgg
1fcllacdrd
ydgeshqgvil
rpaspteagl
sfcqlaeite
knfytrlpfqg
vtcltlnslg
psltekvsle
ittlgtglga
pisthgrllg
ascwgpgtrt
laavgnlivv
laadrggadv
cpmsssgevv
vevdlligss
wyyslehstd
lelladvgfa
atpwpdfvpr
eeeltagsgl

gcaedgsfqgt
stdtsylpqgc
11hgvgdksp
vsgychcads
isgrfreptk
qqgeppscae
tikelfvdsg
lfggkflvnv
stgtpeaakk
vardlgdvme
vrdggprept
qaipgtrsai
qvgengppeq
dvfpvlsqyp
ahfdlrncwe
fplgesflva
pddsagasal
qcpttceksr
geelrpgsss
mdsgeevpgt
gswsvEippgp
gllgtfqufi
ledipvaslp
tsprtrfges
pcpvgrttis
pwweteaple
acsfftvstt
dspavylkkg
lccdgfvltg
rlgdgefiks
ttelfspvdl
saslyftctl
klmgisirnk
igmcseengg
swgslalssv
vrcmfyadtg
rsgaigvgts
stspgvsedc
tasyrvgvfg
asihlltara
sclrgkpanv
gddglinrak
dyasfsrale
lglpfypaye
aggenykefs
redllslgep



Tryptic Digest of Thyroglobulin

* Tryptic digest of human serum contains over
14,000,000 different peptides

« Concentration of Tg peptides In tryptic digest of human
serum billion fold lower than most abundant peptides
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SISCAPA



SISCAPA: using tryptic digests and LC-
MS/MS to measure protein

concentration
1 2 3 4
Sample Creation Standardization Enrichment Detection
SP;‘:;‘:)‘,’; | Digest »| Peptides |— Load > g’:}g:)%dr{ | Elute > LC-MS/MS
A
Spike Wash

Synthetic
Stable- Unbound
Isotope Peptides

Peptides




SISCAPA: using tryptic digests and LC-
MS/MS to measure protein

1 2 3 4
Sample Creation Standardization Enrichment Detection
Protein | . , {3 Antibody | 2
Sample Digest »| Peptides Load > Support Elute > LC-MS/MS
[ 5
Destroys Spike Wash
antibodies v
Synthetic
Stable- Unbound
Isotope Peptides
Peptides




SISCAPA: using tryptic digests and LC-
MS/MS to measure protein

concentration
1 2 3 4
Sample Creation Standardization Enrichment Detection
Protei ; ; Antibod
S;‘:n‘;'lg — Digest »| Peptides |— Load > STJ;)poor{ - Elute > LC-MS/MS
/ A
Produces Tg-specific  spike Wash
peptides v
Synthetic
Stable- Unbound
Isotope Peptides
Peptides




SISCAPA: using tryptic digests and LC-
MS/MS to measure protein

concentration
1 2 3 4
Sample Creation Standardization Enrichment Detection
Sp;‘:::)il’; __ Digest »| Peptides |— Load > ’;’:}g:)"odr{ | Elute >| LC-MS/MS
/ A
Peptides serve as Spike Wash
surrogates v
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SISCAPA: using tryptic digests and LC-
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Earlier, Hoofnagle developed MS-based
method at U of Washington

— Insufficiently sensitive for quantitation of Tg at

concentrations representative of recurrence of TC
— Low throughput
— Uses nano-HPLC separation

Until recently, MS based methods for Tg were not

generally available in clinical laboratories



LC-MS/MS, new method overview
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LC-MS/MS, new method — novel aspect
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LC-MS/MS, new method — novel aspect
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Method performance



Chromatogram of Tg-specific Peptide in
Patient Sample Containing 5 ng/mL of Tg

Tg peptide
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Quantitative Calibration
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Imprecision

Tg concentration, Within-run cv, % | Between-run/day | ) oy o
ng/mL v, %
2.1 6.75 3.67 7.69
5.7 6.87 5.96 9.10
14.8 6.56 5.40 8.50
399 3.56 1.71 3.95

CVs are quite good, especially considering complexity of method.



LC-MS/MS: Our Method vs. University of
Washington Method for Tg-AAb Positive and Tg-

AADb Negative Samples
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Our LC-MS/MS Method vs. Access® Beckman
Coulter Method for Tg-AAb Negative Samples
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Our LC-MS/MS Method vs. Access® Beckman
Coulter Method for Tg-AAb Positive Samples
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Our LC-MS/MS Method vs. Access® Beckman
Coulter Method for Tg-AAb Positive Samples
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Conclusions

Serum Tg is the best marker for follow-up of
patients with Differentiated Thyroid Carcinoma

No commercial immunoassays for measuring Tg
in samples of patients positive for Tg-AAb

This LC-MS/MS method allows accurate
measurement of Tg in presence of Tg-AAb

Sensitivity of this method is likely adequate for
detection of the recurrence of thyroid cancer

Method is in routine use for testing autoantibody
positive samples (>3000 samples so far)
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