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- Emeritus Professor of Pathology Mayo Clinic 
Rochester, MN. 

- Among notable achievements 
- Known for describing Carney syndrome; separate 

phenomenon of Carney's triad; and Carney-Stratakis
syndrome

J. Aidan Carney, MD, PhD 
(born 1934 County Roscommon Ireland åFeb. 16, 2024)
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Ronald A. DeLellis, MD 
April 1941- Feb. 9, 2024

- Numerous achievements including 2021 
recipient of the Endocrine Pathology Society 
Lifetime Achievement Award
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Virginia A. LiVolsi, MD 
July 1943- March 6, 2024

- 2022 recipient of the President's Award of 
the Arthur Purdy Stout Society of Surgical 
Pathologists in recognition of her substantial 
contributions to the field of surgical 
pathology



Outline/Objectives

PTC

ÅDetail the historical aspects in the diagnosis of papillary thyroid carcinoma 

(PTC)

ÅTrace the arc of diagnostic criteria for PTC

ÅDiscuss consensus among expert thyroid pathologists in the diagnosis of PTC

ÅIdentify molecular findings in thyroid neoplasms

ÅCorrelate the impact of histologic and molecular findings on the classification 

(past, current and possible future) of thyroid neoplasms 
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Å Michelangelo Buonarotti (1475-1564): 
ïAware of thyroid at least in the form of a goiter
ïSonnet to a friend:
ê"zªk^i· 7 r^´k ^ q~s®kª pª~{ ®rs« ®~sz 
Such as water gives the cats in Lombardy, 
Or any other country there might be, 
?· fkzz· i~®r ^q^s|«® {· grs| ªkg~szë 
(complaining of having acquired a goiter while 
painting the ceiling of the Sistine Chapel)

Å Enlarged thyroids known in China (2700 
BCE), Egypt and ancient India (1400 
BCE)

Å Visible pronounced bulge in the neck 
(deformity) was the only symptom 
attributed to the thyroid gland
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Am J Med 1950;9:194-9 

PMID: 15432466

Å Dr. Stuart Lindsay - Papillary carcinoma:

Åcarcinoma of the thyroid gland are not uncommon

Åpathologists with experience are recognizing early malignant thyroid processes which were previously missed 

Ågradations from papillary adenomas to papillary carcinomas of varying degrees of malignancy 

Åê«~{k g^ªgs|~{^« «r~µ ^gs|^ª p~ª{^®s~| ^|iÏ ^® ®s{k«Ï ^gs|s ªk«k{fzk ®r^® ~p ^ |~ª{^z qz^|ië

Åê®rk· ^ªk zs|ki f· ¯|sp~ª{ gkzz« ^|i {^· g~|®^s| g~zz~sië  

Åês| {~«® g^ªgs|~{^« ~p ®rk ®r·ª~si qz^|i ®rkªk s« «~{k ^®®k{§® ^® isppkªk|®s^®s~| ®~µ^ªi ®r·ª~si ®s««¯k ªk«k{fzs|q ®rk 

|~ª{^zë
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Evolution of Histologic Classification of Thyroid Carcinoma 

- Warren & Meissner 1953 AFIP Series 1, Fascicle 14:

- Benign and malignant

- Classification based on growth pattern (papillary versus follicular)

- Benign if no capsular or vascular invasion:

- follicular adenoma >> papillary adenoma/cystadenoma 

- Malignant if invasive:

- Follicular carcinoma and papillary adenocarcinoma  
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AMA Arch Pathol 1955;59:502-513. PMID: 14360957

ÅMalignant Tumors of the Thyroid separated 

into 2 major groups based on growth 

patterns:

ïPapillary Carcinoma

ïNonpapillary Carcinomas



PTC

AMA Arch Pathol 1958;66:518-525. PMID: 13582391

Å ê*· ikps|s®s~| |~ §^§szz^ª· ®¯{~ª µ^« g~|«sikªki {^zsq|^|® ¯|zk«« s|´^«s~| 

µ^« p~¯|i ®¯{~ªë

Å êPrs« gªs®kªs~| s« |kgk««^ª· fkg^¯«k ®rk ªkz^®s´k z^gy ~p §zk~{~ª§rs«{ ^|i 

the almost complete absence of mitoses in these tumor preclude estimation 

~p {^zsq|^|® §~®k|®s^z pª~{ g·®~z~q· ^z~|kë

Å Over 20 year period (1937-56 New England Deaconess Hosp)

Å J^§szz^ª· qª~µ®rÐ ê"ªª^|qk{k|® ~p ®¯{~ª k§s®rkzs¯{ ~| 

psfª~´^«g¯z^ª «®^zy« §ª~xkg®s|q s|®~ g·«®sg «§^gk«ë

Å Single cell layers, cuboidal to low columnar, homogeneous to 

slightly vacuolated amphophilic cytoplasm surrounded by 

vesicular, centrally laces, round to ovoid nuclei 
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Evolution of Histologic Classification of Thyroid Carcinoma 

- Diagnostic Criteria (1950-1960): 

- Thyroid carcinomas making papillae 

- Thyroid carcinoma making follicles

- Owing to the fact that most carcinomas of follicular cell origin exhibited large areas of 

follicular growth pattern, the diagnosis of follicular carcinoma dominated over papillary 

(thyroid) carcinoma 

- Morphologic variants largely unknown

- êB®rkª ®¯{~ª ®·§k« µkªk ª^ªkëÐ {ki¯zz^ª· ®r·ª~si g^ªgs|~{^ s|s®s^zz· ik«gªsfki s| ¿ÇÃÇ 

(Hazard JB, et al. J Clin Endocrinol Metab 1959;19:152 -161 PMID: 13620740)
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Cytologic Basis of Thyroid Carcinoma
Lindsay S. Carcinoma of the thyroid gland. Springfield IL. Charles C Thomas 1960.  

Chapter VI: Pathologic Study of Thyroid Carcinoma:

Å Nuclear features defined malignancy:

ï nuclear enlargement

ï delicate nuclear membranes

ï «§^ª«kÏ ikzsg^®k s|®ª^|¯gzk^ª grª~{^®s| µs®r êz^ªqk «kq{k|®« ik´~si ~p grª~{^®s| «~ ®r^® ®rk«k |¯gzks 

characteristically appeared opaque as though composed of ground-qz^««ë

ï folding and indentation of the nuclear membranes were frequent 

ï gkªkfªsp~ª{ ~ª ìª^s«s|í-like shapes 

ï intranuclear cytoplasmic pseudoinclusions

Å Psammoma bodies

Å Of the papillary neoplasms:

ï 25% pure papillary 

ï 75% admixtures of follicular and solid, lobular structures

Å Recognized that there were papillary carcinomas with prominent follicular architecture (follicular 

variants of papillary carcinoma)

Å Set stage for:

ï cytological classification of malignancy

ï use of FNAB for diagnosis
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From: Tumors of the Thyroid Gland. Atlas of 

Tumor Pathology Second Series Fascicle 4: 1969 
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Papillary Adenocarcinoma
AFIP Fascicle 1969 

- Definition: A glandular carcinoma forming papillae

- Microscopic (page 72):
- Epithelium arranged in fibrovascular stalks often project into cystic spaces
- Epithelium single layered but may be multilayered
- Nuclei often have the chromatin dispersed in fine grains giving a ground glass appearance
- Many variations in tumor pattern 
- Laminated, calcified spherules (psammoma bodies, calcospherites or microliths)  

- êf^«~§rszsgÏ |~|fsªkpªs|qk|® ^|i {k^«¯ªk pª~{ Ã ®~ ¿¾¾ {sgª^ s| is^{k®kªë
- seem to arise between epithelial cells and often found in hyalinized stroma at tip of papilla
- may be found in surrounding thyroid tissue without surrounding tumor cells adjacent to, or even 
is«®^|® ®~Ï ®rk g^|gkª ^|i s| gkª´sg^z z·{§r |~ik« Ýê|^ykië §«^{{~{^ f~isk«Þ

- probably represent foci of tumor dissemination with death of cancer cells leaving only the fossil 
remains as evidence of metastases 
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Hedinger C. Histological Typing of Thyroid Tumors. 

In: International Classification of Tumour. No. 11. 

Geneva. World Health Classification. 1974

- Classification of papillary carcinoma included:
- Pure papillary 
- Mixed papillary and follicular 

- Did not include classification of pure follicular type 
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Chen KTK, Rosai J. Follicular variant of thyroid papillary carcinoma: 

A clinicopathologic study of six cases. Am J Surg Pathol 1977;1:123-130 PMID: 602974

ÅJ~§¯z^ªsºki ®rk ®kª{s|~z~q· êJ^§szz^ª· g^ªgs|~{^Ï p~zzsg¯z^ª ´^ªs^|®ë Ý>s|i«^· ®¯{~ªÞ 

Å Diagnosis predicated on:

ïNuclear features 

ïArchitecture is irrelevant

ïInvasion no longer required for the diagnosis of malignancy 

ÅêPrs« ´^ªs^|® ªk«k{fzki §^§szz^ª· g^ªgs|~{^ s| s®« fs~z~qsg fkr^´s~ª ^|i ^zz {~ª§r~z~qsg pk^®¯ªk« k¶gk§® 

®r^® §^§szz^k µkªk |~® §ªk«k|®ë

ÅêPrk «s|qzk {~«® s{§~ª®^|® gªs®kªs~| ®~ isppkªk|®s^®k ®rs« ´^ªs^|® ~p §^§szz^ª· g^ªgs|~{^ pª~{ ^ f~|^ psik 

p~zzsg¯z^ª g^ªgs|~{^ s« ®rk |¯gzk^ª §^®®kª|ë

Å êB®rkª pk^®¯ªk« «¯gr ^« §ªk«k|gk ~ª ^f«k|gk ~p k|g^§«¯z^®s~| ~ª §«^{{~{^ f~isk«Ï ^ªk rkz§p¯z s| ®rk 

isppkªk|®s^z is^q|~«s«Ï f¯® «r~¯zi |~® fk ®^yk| ^« ^f«~z¯®k «s|gk gkª®^s| ikqªkk ~p ~´kªz^§§s|q i~k« ~gg¯ªë
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PTC åêBª§r^| "||skë @¯gzks 

* Hapke MR, Dehner LP.  The optically clear nucleus. A reliable sign of papillary 

carcinoma of the thyroid? Am J Surg Pathol 1979;3:31-38.  PMID: 534382

Å 83% of PTC 

Å Also found in:

ïFollicular adenoma 

ïFollicular carcinoma

ïDiffuse hyperplasia 

ïMedullary carcinoma 

Å NOT pathognomonic for PTC but 

when diffuse in the tumor fairly 

reliable diagnostic finding
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êBª§r^| "||skë @¯gzks

Å Resemblance initially used by Nancy Warner, MD (USC Dept of Pathology)
Å Ascribed to Nathan Friedman, MD -is«®s|g®s´k ^§§k^ª^|gk ~p |¯gzks s| gkª®^s| ®r·ª~si g^ªgs|~{^« ®~ ®rk ìr~® k·k«í ~p 

Martha Scott (motion picture star)
Å -ªÎ W^ª|kªÐ ê7® ~gg¯ªªki ®~ {k ®r^® ®rk«k |¯gzks {¯gr {~ªk gz~«kz· ªk«k{fzk ®rk k·k ~p Bª§r^| "||skë  
Å W^ª|kª @/Î *^«sg /|i~gªs|k J^®r~z~q·Î ¿ÇÅ¿ êÒÎ ®rk gk|®kª ~p ®rk |¯gzk¯« s« ªkz^®s´kz· k{§®· ázsyk ìBª§r^| "||skí k·k«âë  

PMID: 8372945

6^ª~zi 5ª^·í« +~{sg N®ªs§
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From: Tumors of the Thyroid Gland. Atlas 

of Tumor Pathology Supplement Fascicle 

4, Second: 1984

Å Arise from follicular cells so not surprising that the tumor 
cells resemble follicular cells and form follicles

Åê~´kª À¾ ·k^ª« ^q~ >s|i«^· ^§®z· ik«gªsfki ®rk ikzsg^®kÏ 
often indented nuclear membrane of papillary cancer 
cells and emphasized the opaque ground glass 
appearance (also described as empty-looking, 
´^g¯~z^®kiÏ ~§®sg^zz· gzk^ªÏ ^|i Bª§r^| "||sk k·kÞë

Åê6k Ý>s|i«^·Þ pkz® ®r^® ^ ®¯{~ª µs®r «¯gr |¯gzks µ~¯zi 
behave biologically like papillary tumors even if the 
«®ª¯g®¯ªk µkªk p~zzsg¯z^ªë 

ÅêPrk g~|gk§® ®r^® p~zzsg¯z^ª g^|gkª« µs®r gzk^ª |¯gzks 
represent papillary carcinomas has been generally 
accepted and has led to the awkward term follicular 
´^ªs^|® ~p §^§szz^ª· g^ªgs|~{^ë

Åê4~ª®¯|^®kz·Ï «¯gr ®¯{~ª« ^ªk s|pªk©¯k|®ë 

Papillary Adenocarcinoma
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Ultrastructural (EM) Evaluation in 

Papillary Thyroid Carcinoma

Albores-Saavedra J, Altamirano-Dimas M, 

Alcorta-Anquizola B, Smith M. Fine structure 

of human papillary thyroid carcinoma. 

Cancer 1971;28:763-774. PMID: 5096930

Gould VE, Gould NS, Benditt EP. 

Ultrastructural aspects of papillary and 

sclerosing carcinomas of the thyroid. Cancer 

1972;29:1613-1625. PMID: 4337954
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What accounts for the PTC nuclear alterations

PMID: 14758551

Å Not fully understood
Å Papotti et al: confocal microscopy and 3 dimensional 

reconstructions of characteristic nuclear alterations:
ïê?^· rkz§ is«®s|q¯s«r ®ª¯k JP+ pª~{ ~®rkª 
g~|is®s~|«ë

Å Does not explain the morphology of the PTC nuclei
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Emerin Immunohistochemistry

Å Immunohistochemical staining for the 
emerin, an integral protein of the inner 
nuclear membrane, showed distinctly 
different patterns between papillary 
carcinoma nuclei and those of normal 
thyroid or benign lesions

PMID: 19302538

PMID: 20502915

Å Does not explain the morphology of the PTC nuclei
Å Not adopted 



PTC

Å Panel of CK19, HBME1, galectin 3 and CD56 
Å Strong CK19 and HBME1, and loss of CD56 

distinguish (FV)PTC from follicular adenoma and 
adenomatoid nodules

Å BRAF and RAS IHC 

2022
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IHC in PTC

CK19HBME1
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World J Surg Oncol 2021;19:143. PMID: 33964951
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NIFTP

HBME-1
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PTC Diagnosis - Does IHC Help? 

- Markers purportedly valuable in diagnosis and DDX: 

- HBME1, CK19, galectin-3:

- staining can be patchy and weak even in PTC

- not specific

- may be positive in normal follicles, nonneoplastic thyroid lesions, benign 

lesions/neoplasms and NIFTP 
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Adenomatoid Nodule

HBME-1
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Follicular Thyroid Adenoma

HBME-1
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Follicular Variant of Papillary Thyroid Carcinoma  (FVPTC)

- Subset of papillary carcinoma entirely composed of follicular growth lacking papillary 

architecture lined by cells having the nuclear features of PTC
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Am J Clin Pathol 2002;117:143-150 PMID: 11789719

Å Difficulty in the diagnosis of these lesions stems from various 

factors, including a lack of consensus regarding diagnostic 

criteria 

Å Inadequate clinicopathologic correlative studies with careful 

pathologic review and long-term follow-up
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Å 87 cases 

Å concordant diagnosis with a 

cumulative frequency of 39%

Å Kappa statistics (interrater 

reliability):

ïÒno agreement

ï0.01- 0.20 none to slight 

ï0.21 - 0.40 fair

ï0.41 - 0.60 moderate 

ï0.61 - 0.80 substantial

ï0.81 - 1.00 almost perfect   

Am J Surg Pathol  2004;28:1336-40 [PMID: 15371949]
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Am J Clin Pathol 2008;130:736-744 PMID: 18854266

Å 6 reviewers; 15 cases - Interobserver and intraobserver variation

Å Nuclear features of PTC not well developed or only focally developed

Å Unanimous agreement FVPTC in 13% (2 cases)

Å Majority agreement on benign and malignant diagnoses in 27% (4 

cases)

Å Majority agreement on malignant diagnosis in 53% (8 cases)

Å Lack of agreement on minimal criteria needed to diagnose FVPTC

Å Intraobserver agreement ranged 17-100%

Å No ideal solution in the diagnosis of cases 

with incomplete or borderline nuclear 

features

Å Light microscopy currently remains the gold 

standard in the absence of well-accepted 

independent means (IHC; molecular) to 

validate the diagnosis of PTC

Å Need to develop reproducible criteria to help 

reduce the significant inter- and 

intraobserver variation 
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Diagnosis of FVPTC

ÅCan be subjective

ÅNo defined threshold in a circumscribed to encapsulated thyroid lesion without invasion but 

with focus/foci showing PTC-like nuclear features below which = benign (e.g., follicular thyroid 

adenoma) and above which = malignant (e.g., FVPTC; other)

Å-s^q|~«s« s« s| ®rk êk·k ~p ®rk fkr~zikªëÐ 

ïSome pathologists behold it more often than other pathologists 
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Cancer 2006;107:1255-64 [PMID: 16900519]

- Two types:

- Encapsulated - like FTA did not develop lymph node 

metastases or recurrences and could be treated by 

lobectomy alone

- Infiltrative (nonencapsulated) - resembles classic 

PTC in its metastatic lymph node pattern and 

invasive growth
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PMID: 20526288
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FVPTC

ÅMolecular profile of FVPTC similar to follicular thyroid adenoma and follicular thyroid 

carcinoma and varies from classical PTC
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Molecular Biology of Differentiated Thyroid Tumors 

PMID: 3293774 PMID: 3283656

Å First reports of activated of all 3 RASoncogenes (H-, K- N-ras) mutations in thyroid neoplasms highlighted a 

significant relationship between activated RASoncogenes and follicular thyroid carcinoma: 

ïPreferential replacement of glutamine by arginine at position 61 

Å Subsequent studies supported this association but also unearthed that RASmutations can be molecular drivers in 

follicular thyroid adenoma and in nodules arising in the background of goiters

Å Tumors with a predominant expansile but not infiltrative growth pattern, often (but not always) with clear 

encapsulation, and follicular architecture are classified asRAS-like tumors because of the high incidence 

of RASmutations and a common mRNA and protein expression profile
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- Using DNA transfection analysis techniques 

- Failed to find any activating ras mutations in Papillary Thyroid Carcinoma (PTC)

- First report a transforming gene associated with PTC; same oncogene activated in the primary 

tumor and metastases in the same patient

- New oncogene isolated from specimens obtained from several patients with the same histologic 

tumor type

Nature 1987;328:170 -2. PMID: 3600795
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- PCR analysis of 33 differentiated thyroid carcinomas

- In combination with their other series found overall rate of ras mutation in PTC of 17% (3/17)

- Significantly lower than in FTC of 53% (8/15) [p  < 0.05]

- None of the 17 PTCs had position 61 glutamine Ÿ arginine substitution compared to 5 of 10 

FTCs

- Statistically significant (though not absolute) distinction in prevalence  of specific oncogene 

mutation in 2 types of carcinoma arising from the same cell of origin 

PMID: 2679847
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JCNI 2003;95:625-627. 
PMID: 12697856 - somatic mutation of BRAF, V599E, most common 

genetic change in PTCs 

- BRAF(V599E) mutations were unique to PTCs, and 

not found in any of the other types of differentiated 

follicular neoplasms arising from the same cell type  

High prevalence of BRAF mutations in thyroid cancer: genetic 
evidence for constitutive activation of the RET/PTC-RAS-BRAF 
signaling pathway in papillary thyroid carcinoma

Kimura ET,Nikiforova MN, Zhu Z, Knauf JA, Nikiforov YE, Fagin JA. 
Cancer Res 2003;63:1454-7. PMID: 12670889

Molecular Biology of Differentiated Thyroid Tumors 
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Landscape of Genomic Alterations in 402 Papillary Thyroid Carcinomas

The Cancer Genome Atlas (TCGA) Research Network. Cell 2014;159:676-690. 
PMID: 25417114

Å Noninvasive: among RAS-like tumors 

rather than BRAF V600E-like tumors:

ïFollicular pattern, circumscribed 

to encapsulated, grow as 

expansile mass and harbor RASor 

RAS-like mutations  

Å Infiltrative : among BRAF V600E-like 

tumors rather than RAS-like tumors:  

ïPapillary and/or follicular pattern, 

infiltrative and harbor BRAF

mutations  
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Thyroid 2015;25:1-3 [PMID: 25417114]

ÅValidation of morphology reflecting tumor biology and determining behavior 

ÅDid not address distinction between FVPTC and Follicular Thyroid Carcinoma (FTC)

ÅCommon detection of the same RAS mutations raises the question whether FVPTC  and FTC 

(and FTA) are distinct entities and whether the distinction is of biologic and clinical 

relevance 

êWk §ª~§~«k ®r^® ®rk ®s{k r^« g~{k f^«ki ~| {~zkg¯z^ª k´sik|gkÏ ®~ i~ ^µ^· µs®r ®rk ´kªf~«k 

^|i ~p®k| g~|p¯«s|q ®kª{s|~z~q· p~zzsg¯z^ª ´^ªs^|® ~p §^§szz^ª· ®r·ª~si g^ªgs|~{^ë 
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Noninvasive FVPTC

Å Subjective histologic diagnosis 

Å No defined threshold in a circumscribed to encapsulated thyroid lesion without invasion but with 

focus/foci showing PTC-like nuclear features below which = benign (follicular thyroid adenoma) and 

above which = malignant (FVPTC)

Å-s^q|~«s« s« s| ®rk êk·k ~p ®rk fkr~zikªëÐ 

ï Some pathologists behold it more often than other pathologists 

Å Indolent biology:

ïNo metastasis 

ïNo deaths from disease 

Å Molecular findings do not correlate to PTC

ÅWhy diagnose as cancer?  
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JAMA Oncology 2016;2:1023-1029 
[PMID: 27078145]

Å NonInvasiveFollicular Thyroid neoplasm with 
Papillary-like nuclear features (NIFTP)

Å Recommended replacement for noninvasive 
(encapsulated) follicular variant of papillary 
thyroid carcinoma (FVPTC) reflecting: 

- subjectivity among pathologists in diagnosis 
of FVPTC

- RAS-like molecular profile 

- extremely indolent biology not warranting 
®rk ik«sq|^®s~| ^« êg^|gkªë

- lobectomy alone even in the presence of 
adverse demographic prognostic factors 
(e.g., > 45 yrs, > 4 cm)
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NIFTP åOriginal Inclusion Criteria 

ÅEncapsulated or circumscribed

Å4~zzsg¯z^ª §^®®kª| qª~µ®r ÝĀ¿Ć ê®ª¯kë §^§szz^kÞ

ÅNo psammoma bodies

ÅNuclear score 2-3

Å< 30% solid, trabecular, insular growth

ÅNo cellular features of other variants of PTC 

ÅNo tumor necrosis or high mitotic activity (Ó3/10HPF)

ÅNo invasion (vascular or capsular): entire tumor-capsule or tumor-parenchymal interface 
must be submitted 
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CircumscribedEncapsulated

Sprinkling
Follicular 

Retraction


