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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? 



Thyroid Hormone Biosynthesis 



Thyroid  



Goiter Thyroiditis 



Hashimoto’s Thyroiditis 



Thyroid Cancer 



Papillary Thyroid Cancer 



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).].  

Rivkees S A et al. Endocrine Reviews 2011;32:798-826 
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Enewold et al Clin Thyroidology 21:6-9, 2009 



Enewold et al Clin Thyroidology 21:6-9, 2009 



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



Risks of Thyroid Cancer  

• Age 

• Children 

• 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 

 



Spitzweg et al, JCEM 86: 3327-35, 2001 

Black= childhood 

White= adolescent 



Age Distribution Thyroid Cancer 
Belarus Children 

Spitzweg et al, 

JCEM 86: 3327-

35, 2001 

Black= childhood 

White= adolescent 





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 



Deandrea et al Endocrine Pract. 8:282, 2002 

Detection of Thyroid Nodules: 
Palpation vs. Ultrasound  



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 

• 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<1cm, not recommended 
for FNA unless hypoechoic or 
microcalcification is observed 

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

 

 



Thyroid Ultrasound’s Detection of 
NonpalpableThyroid Nodules 



Benign Thyroid Epithelium 





Follicular Epithelial Pattern, 
Adenoma 



FNA Cytologic Results  

• Nondiagnostic 

• Benign 

– Macrofollicular 

– Colloid adenomas 

– Thyroiditis 

• Suspicious or indeterminate 

– Microfollicular or 
follicular neoplasms 

• Malignant  

• Repeat with US guidance 

 

• Follow 

 

 

• Surgical excision 

 

 

 

• Total thyroidectomy, RAI, T4 

• Follow thyroglobulin 
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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. 



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% 

 Alexander EK et al NEJM 367: 705-25, 2012 



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. 



Kim et al JCEM 96:658-64, 2011 
Kim et al JCEM 96: 658-64, 2011 

ACUS=atypical cells of undetermined significance 



Kim et al JCEM 96:658-64, 

2011 

 

Kim et al JCEM 96: 658-64, 2011 



Rosario et al Thyroid 22: 805-8, 2012 

Approximately 5% of  Siblings of 

patients are also Diagnosed with 

Thyroid Cancer 



Thyroid Cancer Staging 



Screening compared to Routine 
Detection of Thyroid Cancer 

• High risk populations 

– Radiation fallout 

– Head and neck irradiation 

– Family History 







Pelttari et al Clin Thyroidology 21:11-13, 2009 





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



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

Pacini et al JCEM 86:4092-97, 2001 



Kloos et al JCEM 90:5047-57, 2005 



Kloos et al JCEM 90:5047-57, 2005 



Kloos et al JCEM 90:5047-57, 2005 



Summary 

• Thyroid nodules are common 

– About 10% > 1 cm are malignant 

• 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, RAI 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 
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Thyroglobulin and thyroid cancer: 
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Learning objectives for part 2 

• Relevant concepts of tandem mass 
spectrometry and liquid chromatography-
tandem mass spectrometry (LC-MS/MS) 

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

• 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 (IAs) are 
the only methodology for Tg testing 

• Immune based diagnostic tests for 
Tg use capture and detection 
antibodies 

• IAs work for samples from patients 
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 

MS 1 MS 2 

Precursor ion  Product ion  Fragmentation 

(CAD) 
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Tandem Mass Spectrometer 

MS 1 MS 2 

Precursor ion  Fragmentation 

(CAD) 

Product ion  
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Adding  a liquid chromatograph to a 
tandem mass spectrometer 

 

 

• Molecules characterized by three physical 
properties 

– Chromatographic retention time 

– Parent ion mass 

– Daughter ion mass 

Liquid chromatograph 
Tandem mass 

spectrometer sample 



Adding  a liquid chromatograph to a 
tandem mass 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 

Liquid chromatograph 
Tandem mass 

spectrometer sample 



Digestion by trypsin 



Trypsin cuts proteins at Arg and/or Lys 
residues 



Trypsin cuts proteins at Arg and/or Lys 
residues 

Products are peptides 

of specific compositions 



Tryptic Peptides from Proteins 

Protein Peptides 
trypsin 

A selected tryptic peptide can act as a  

surrogate marker for the protein 



Tryptic Digest of Thyroglobulin 
        1 malvleiftl lasicwvsan ifeyqvdaqp lrpcelqret aflkqadyvp qcaedgsfqt 

       61 vqcqndgrsc wcvgangsev lgsrqpgrpv aclsfcqlqk qqillsgyin stdtsylpqc 

      121 qdsgdyapvq cdvqhvqcwc vdaegmevyg trqlgrpkrc prsceirnrr llhgvgdksp 

      181 pqcsaegefm pvqckfvntt dmmifdlvhs ynrfpdafvt fssfqrrfpe vsgychcads 

      241 qgrelaetgl ellldeiydt ifagldlpst ftettlyril qrrflavqsv isgrfrcptk 

      301 ceverftats fghpyvpscr rngdyqavqc qtegpcwcvd aqgkemhgtr qqgeppscae 

      361 gqscaserqq alsrlyfgts gyfsqhdlfs spekrwaspr varfatscpp tikelfvdsg 

      421 llrpmvegqs qqfsvsenll keairaifps rglarlalqf ttnpkrlqqn lfggkflvnv 

      481 gqfnlsgalg trgtfnfsqf fqqlglasfl nggrqedlak plsvgldsns stgtpeaakk 

      541 dgtmnkptvg sfgfeinlqe nqnalkflas llelpefllf lqhaisvped vardlgdvme 

      601 tvldsqtceq tperlfvpsc ttegsyedvq cfsgecwcvn swgkelpgsr vrdgqprcpt 

      661 dcekqrarmq slmgsqpags tlfvpactse ghflpvqcfn secycvdaeg qaipgtrsai 

      721 gkpkkcptpc qlqseqaflr tvqallsnss mlptlsdtyi pqcstdgqwr qvqcngppeq 

      781 vfelyqrwea qnkgqdltpa kllvkimsyr eaasgnfslf iqslyeagqq dvfpvlsqyp 

      841 slqdvplaal egkrpqpren illepylfwq ilngqlsqyp gsysdfstpl ahfdlrncwc 

      901 vdeagqeleg mrsepsklpt cpgsceeakl rvlqfirete eivsasnssr fplgesflva 

      961 kgirlrnedl glpplfppre afaeflrgsd yairlaaqst lsfyqrrrfs pddsagasal 

     1021 lrsgpympqc dafgswepvq chagtghcwc vdekggfipg sltarslqip qcpttceksr 

     1081 tsgllsswkq arsqenpspk dlfvpaclet geyarlqasg agtwcvdpas geelrpgsss 

     1141 saqcpslcnv lksgvlsrrv spgyvpacra edggfspvqc dqaqgscwcv mdsgeevpgt 

     1201 rvtggqpace sprcplpfna sevvggtilc etisgptgsa mqqcqllcrq gswsvfppgp 

     1261 licslesgrw esqlpqprac qrpqlwqtiq tqghfqlqlp pgkmcsadya gllqtfqvfi 

     1321 ldeltargfc qiqvktfgtl vsipvcnnss vqvgcltrer lgvnvtwksr ledipvaslp 

     1381 dlhdieralv gkdllgrftd liqsgsfqlh ldsktfpaet irflqgdhfg tsprtrfgcs 

     1441 egfyqvltse asqdglgcvk chegsysqde ecipcpvgfy qeqagslacv pcpvgrttis 

     1501 agafsqthcv tdcqrneagl qcdqngqyra sqkdrgsgka fcvdgegrrl pwweteaple 

     1561 dsqclmmqkf ekvpeskvif danapvavrs kvpdsefpvm qcltdctede acsfftvstt 

     1621 epeiscdfya wtsdnvacmt sdqkrdalgn skatsfgslr cqvkvrshgq dspavylkkg 

     1681 qgstttlqkr feptgfqnml sglynpivfs asganltdah lfcllacdrd lccdgfvltq 

     1741 vqggaiicgl lsspsvllcn vkdwmdpsea wanatcpgvt ydqeshqvil rlgdqefiks 

     1801 ltplegtqdt ftnfqqvylw kdsdmgsrpe smgcrkntvp rpaspteagl ttelfspvdl 

     1861 nqvivngnqs lssqkhwlfk hlfsaqqanl wclsrcvqeh sfcqlaeite saslyftctl 

     1921 ypeaqvcddi mesntqgcrl ilpqmpkalf rkkviledkv knfytrlpfq klmgisirnk 

     1981 vpmseksisn gffecerrcd adpcctgfgf lnvsqlkgge vtcltlnslg iqmcseengg 

     2041 awrildcgsp dievhtypfg wyqkpiaqnn apsfcplvvl psltekvsle swqslalssv 

     2101 vvdpsirhfd vahvstaats nfsavrdlcl secsqheacl ittlqtqlga vrcmfyadtq 

     2161 scthslqgrn crlllreeat hiyrkpgisl lsyeasvpsv pisthgrllg rsqaiqvgts 

     2221 wkqvdqflgv pyaapplaer hfqapeplnw tgswdaskpr ascwqpgtrt stspgvsedc 

     2281 lylnvfipqn vapnasvlvf fhntmdrees egwpaidgsf laavgnlivv tasyrvgvfg 

     2341 flssgsgevs gnwglldqva altwvqthir gfggdprrvs laadrggadv asihlltara 

     2401 tnsqlfrrav lmggsalspa avisheraqq qaialakevs cpmsssqevv sclrqkpanv 

     2461 lndaqtklla vsgpfhywgp vidghflrep paralkrslw vevdlligss qddglinrak 

     2521 avkqfeesrg rtssktafyq alqnslgged sdarveaaat wyyslehstd dyasfsrale 

     2581 natrdyfiic piidmasawa krargnvfmy hapenyghgs lelladvqfa lglpfypaye 

     2641 gqfsleeksl slkimqyfsh firsgnpnyp yefsrkvptf atpwpdfvpr aggenykefs 

     2701 ellpnrqglk kadcsfwsky isslktsadg akggqsaese eeeltagsgl redllslqep 

     2761 gsktysk 

 

• Tryptic digest of Tg 

produces more than 400 

peptides 
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• Tryptic digest of Tg 

produces more than 400 

peptides 

 

• One or more peptides 
selected and measured as 
surrogate for Tg 
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• Tryptic digest of Tg 

produces more than 400 

peptides 

 

• One or more peptides 
selected and measured as 
surrogate for Tg 

 

• Sequence: VIFDANAPVAVR 

 

 

 

 

 



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 

 

 

 

 

• Affinity purification using anti-peptide antibody 

(SISCAPA) 

 

Needle in a haystack 



SISCAPA 



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

concentration 



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

concentration 

Destroys 

antibodies 

 



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

concentration 

Produces Tg-specific 

peptides 



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

concentration 

Peptides serve as 

surrogates 

for thyroglobulin 



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

concentration 

Internal standard 

added to sample 



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

concentration 

Internal standard 

compensates for 

variability  in 

processing  and 

detection 



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

concentration 

We swap the this 

sequence by adding 

internal standard 

before digesting 

sample 



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

concentration 

We swap the this 

sequence by adding 

internal standard 

before digesting 

sample 



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

concentration 

Antibody 

specifically targeted 

for one peptide 

extracts and purifies 

the targeted peptide 



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

concentration 

Purified peptide 

undergoes 

quantitative analysis 

by liquid 

chromatography-

tandem mass 

spectrometry 



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 

• Tg enrichment/ depletion of unrelated 

proteins 

• Every step of sample preparation 

optimized for enhanced sensitivity/ 

specificity 

500 uL  
of serum 

Denature/  
reduce  
proteins 

Digest  
proteins 

Tg 
enrichment/  

depletion  

2D LC-MS/MS 

Affinity purification  
of peptide SISCAPA 



LC-MS/MS, new method – novel aspect  

• Tg enrichment/ depletion of unrelated 

proteins 

• Rabbit anti-thyroglobulin antibody 

added (if you can’t lick ‘em, join ‘em) 

• Precipitation of IgG and IgG-bound 

thyroglobulin using ammonium 

sulfate 

• Rinse precipitate and re-dissolve 

500 uL  
of serum 

Denature/  
reduce  
proteins 

Digest  
proteins 

Tg 
enrichment/  

depletion  

2D LC-MS/MS 

Affinity purification  
of peptide SISCAPA 



LC-MS/MS, new method – novel aspect 

• Isotopically labeled internal standard 

added prior to digestion 

• “Winged” peptide 

• xxxx-VIFDANAPVAVR-xxxx 

• Winged peptide helps control for 

recovery during digestion 

 

500 uL  
of serum 

Denature/  
reduce  
proteins 

Digest  
proteins 

Tg 
enrichment/  

depletion  

2D LC-MS/MS 

Affinity purification  
of peptide SISCAPA 



Method performance 



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

Tg peptide Internal standard 

Clean 

chromatograms 



Quantitative Calibration  
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No surprises here. 

We like boring calibration 

curves. 



Imprecision 

Tg concentration, 
ng/mL 

Within-run CV, % 
Between-run/day 

CV, % 
Total CV, % 

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-
AAb 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 



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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