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J. Aidan Carney, MD, PhD
(born 1934 County Roscommon Irelanda Feb. 16, 2024)

- Emeritus Professor of Patholodviayo Clinic
Rochester, MN

- Among notable achievements

- Known for describing Carney syndrome; separate
phenomenon of Carney's triad; and Carn&yratakis

syndrome
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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
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Outline/Objectives

A Detall the historical aspects in the diagnosis of papillary thyroid carcinoma
(PTC)

A Trace the arc of diagnostic criteria for PTC
A Discuss consensus among expert thyroid pathologists in the diagnosis of PTC
A ldentify molecular findings in thyroid neoplasms

A Correlate the impact of histologic and molecular findings on the classification

(past, current and possible future) of thyroid neoplasms
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A Michelangelo Buonarotti (1475-1564):

: A
I Aware of thyroid at least in the form of a goiter - /’? '“5 =
| Sonnet to a friend: e “: /'::j.}"
é"zakn~rji. 7 r~"k N~ g~s®ka pﬂ?‘{"‘@rs
Such as water gives the cats in Lombardy, { 54~

Or any other country there might be,

2. fkzz- i~®r ~gq°ifs| «® {- gﬁ.{{ a kg
(complaining of having acquired a goiter while A

painting the ceiling of the Sistine Chapel)

A Enlarged thyroids known in China (2700

| o \\
BCE) )

BCE), Egypt and ancient India (1400

A Visible pronounced bulge in the neck Th“‘ms
(deformity) was the only symptom
attributed to the thyroid gland
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CLINICAL SYMPOSIUM

o Am J Med 1950;9:194-9
Prepared under the direction of EpcAr WAYBURN, M.D., San Francisco, and
CLARENCE J. BERNE, M.D., Los Angeles PMID: 15432466

Carcinoma of the Thyreid Gland

A Dr. Stuart Lindsay - Papillary carcinoma:
A carcinoma of the thyroid gland are not uncommon
A pathologists with experience are recognizing early malignant thyroid processes which were previously missed

A gradations from papillary adenomas to papillary carcinomas of varying degrees of malignancy

Aé«~{k gr2gs| ~{* "« «r~p ~gs| "2 p~2{r®s~| ~|il ~® ®s{k«l
Aée®rk- ~2k zs| ki f- " |sp~2{ gkzz« ~|i {~- g~|®*s| g~zz-~
Aés| {~«® grags| ~{"« ~p ®rk ®r-2~si qgz"|i ®rk2k s« «~{Kk

| ~2{"rzé
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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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Scientific Exhibits
NEOPLASMS OF THE THYROID

Classification, Morphology, and Treatment

JOHN B. HAZARD, M.D GEORGE CRILE JR.,, M.D.

W. A. HAWK, M.D. AND REX KENYON, M.D.
CLEVELAND

AMA Arch Pathol 1955;59:502-513. PMID: 14360957

A Malignant Tumors of the Thyroid separated
Into 2 major groups based on growth
patterns:

| Papillary Carcinoma

I Nonpapillary Carcinomas

PTC

ROBERT S. DINSMORE, MD.

CLASSIFICATION OF THYROID NEOPLASMS
°/o INCIDENCE

1 ADENOMA

A Simple
.. Follicular
..Fetal
..Embryonal
..Oxyphilic
including Hirthle
cell

B. Papillary
C. Atypical

BN -

11 CARCINOMA

A. Papillary carcinoma

SUBTYPE NONENCAP-
SULATED SCLER-
OSING TUMOR

(SCLEROSING MICROCARCINOMA)
B. Nonpapillary carcinoma
1. Encapsulated angioinvasive
carcinoma
2. Medullary carcinoma
3. Adenocarcinoma ( fo/licular)
4. Undifferentiated carcinoma
5. Squamous cell carcinoma

U1 MESENCHYMAL MALIGNANT
TUMORS
A. Lymphoblastoma
1. Lymphosarcoma
2. Reticulum cell sarcoma
3. Hodgkin's sarcoma
4. Hodgkin's granuloma
5. Plosmocytoma

B. Fibrosarcoma
C. Osteogenic sarcoma

W.TERATOMA
V. SEConpARY NEOPLASM

0
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Papillary Carcinoma of the Thyroid A QOver 20 year period (193#56 New England Deaconess Hosp)
A Study of the Pathology of Two Hundred Twenty-Six Cases A JA § s zz~" a q a IJ' ® r é "aa AN | q k { k I ® —
WILLIAM A. MEISSNER, M.D., and ANITA ADLER, M.D., Boston p S f a -~ N « g - Z N\ a « ® VAN Z y « § a X k g ® S | q

AMA Arch Pathol 1958;66:518-525. PMID: 13582391 & Single cell layers, cuboidal to low columnar, homogeneous to
slightly vacuolated amphophilic cytoplasm surrounded by

TapLe | —Parwation tin Twumor Patltern
e EEY: vesicular, centrally laces, round to ovoid nuclei
(4‘;5‘-- e TAaBLe 2. —Special Structures and Chovaclenst TasLe 4.—Coexisting 1.4‘."1'141.{’-_
No. Ce — —— ~ —— —
Cases
PUre DRADIIREY < ceoooarsvyebaediss 108 8 Lascs 3 R
Focal follicular / AL TSGR AT B8y sl G 07 - v 39 '\Tu_'__- No.
Focal follicular & simplex .....c00.. 19 b3 4 "
Focal simplex ..c.iviuvvee ewe 18 5 None PG PRt 1 l.’.! :
— Squamous metaplasia ceadite I Adenomatous ZOIter .....cevessssees B2
226 100 Psammoma bodies . 89 Chronic thyroiditis .....--cesecesss 21
Clear-cell fool ....ciasnsnianssnsing s 4 i’:xnl;ar\ hyperplasia . v.evessnnrans 12 ‘
F e Separate adenoma .......cocenevndes 9
Stromal calcthcation ,...vvvrrrsssces 0 - (X :
Hiirthle cell foc: . i ) : 236 X

ée*. i1 kps|s®s~| |~ §78§szznr2. ® {~2 p"« Q‘JLLI‘«s_[_i.ka,k:il.”{"zsq|’\
UMY« p~ | i ® {~2e w7 R

8Prs« g2s®k?s~| s« |kgk««?r2a. fkghr «k ®rk asz@s_;”'_lZi‘iz:A_gy ~
the almost complete absence of mitoses in these tumor preclude estimation ...~ i

~p {"z2sq| | ® §~®k| ®s"z pa~{ g-r®~z~qU Nz k& 2 10

apsulostromal L. ! L. T ... 63

[atraglandular




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

éeB®r k2 ® {~2 ® -8k« pkz2k anrakeb {ki zz"2a. ®r
(Hazard JB, et al. J Clin EndocrinoMetab 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:
Carcinoma

A Nuclear features defined malignancy:
of the
. I nuclear enlargement
Thyroid o
| delicate nuclear membranes
A Clinical and Pathologic Study of 293 ) B
Gland Patients at the University of I «8Ma«kl 1 kzsg"®k s|®2"*| gzk”™2 gr2&2~{"®s| HnuS®r éz"e
California Hospital L .
characteristically appeared opaque as though composed of grounet} z » « « é

I folding and indentation of the nuclear membranes were frequent
By

- a a — a_li s a A ,
STUART LINDSAY, M. D. I gk?aakf2sp like shapes i S «s | i
Professor of Patholegy . . . . ]

University of Calijornia School of Medicine | IntranUC|ear Cytoplasmlc pseudolncluslons

Pathologist, H. €. Moffitt Hospital

San Francisco, California 0

Divector of Laberatoris, Sequoia Hospial A Psammoma bodies

Redwood City, Califernia .

Caonsuliant in Pathology 1o A Of the papl”ary neoplasms

Letterman General Army Hospital

San Francisco, California . i

GnHﬁ“: ‘;,fﬁmu Administration Hospital | 25% pure paplllary

Qakland, Calijornia

1 75% admixtures of follicular and solid, lobular structures

A Recognized that there were papillary carcinomas with prominent follicular architecture follicular
variants of papillary carcinoma

CHARLES C THOMAS « PUBLISHER

Springfield « Illinois ¢ U.S. A. A Set Stage for

I cytological classification of malignancy
I use of FNAB for diagnosis
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Table II

CLASSIFICATION OF CANCER
OF THYROID

Carcinoma
Papillary adenocarcinoma
Follicular carcinoma
Clear cell carcinoma TUMORS of the THYROID GLAND
Oxyphil carcinoma o
Medullary carcinoma WILLIAM A. MEISSNER, M.D.

Undifferentiated carcinoma S5
SHIELDS WARREN, M.D.
Small cell carcinoma
Giant cell carcinoma
Epidermoid carcinoma
Other malignant tumors
Lymphoma
Sarcoma
Malignant teratoma
Secondary tumor

From: Tumors of the Thyroid Gland. Atlas of
Tumor Pathology Second Series Fascicle 4. 1969




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 bodiescalcospherites or microliths)
- éfr«~8rszsgl | ~|fs2akpas|qgk|® ~"|i {k*r« 2k p2~{
- seem to arise between epithelial cells and often found in hyalinized stroma at tip of papilla
- may be found in surroq_nding thyroid tissue without surrounding tumor cells adjacent to, or even
i s«®"*"| ® ®~1 ®rk gl gk?& ~]i s| gk?& sg”rz z-{8r
- probably represent foci of tumor dissemination with death of cancer cells leaving only the fossil
remains as evidence of metastases
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WORLD HEALTH ORGANIZATION
HISTOLOGICAL CLASSIFICATION

Hedinger C. Histological Typing of Thyroid Tumors. OF THYROID TARIGURS
In: International Classification of Tumour. No. 11. T T—
Geneva. World Health Classification. 1974 A. Benign

1. Follicular adenoma
2. Others

B. Malignant
iFi 1 1 1 1 . 1. Follicul i a
- Classification of papillary carcinoma included: X P:pillcl::rsrc(;?::?nr;iqn;
» PUEelliEy % e ol st
lanaplastic) carcinoma

- Mixed papillary and follicular a. Spindle cell type

b. Giant cell type

- Did not include classification of pure follicular type ¢. Small cell type

5. Medullary carcinoma
1I. Non-Epithelial Tumours

A. Benign

B. Malignant
1. Fibrosarcoma
2. Others

I1l. Miscellaneous Tumours

1. Carcinosarcoma

2. Malignant
haemangioendothelioma

3. Malignant lymphomas

4. Teratomas

1V. Secondary Tumours
V. Unclassified Tumours
VI. Tumour-like Lesions
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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

AJ~8 z~2as°ki ®rk ®k?2{s|~z~q- éJ"8szz"ra. gnrags| ~{"I
A Diagnosis predicated on:
I Nuclear features

I Architecture is irrelevant

I Invasion no longer required for the diagnosis of malignancy

AéPrs« " nNaghn| ® 2k«k{fzki §N"8§szznra. ghraags| ~{" s| s ®«
®r "® 8§78szz"k pk?k | ~® 8§82 k«k| ®&

AéPrk «s|gzk {~«® s{§~2®"| ® g2s®ka@as~| ®~ isppka2k]|] ®s
p~zzsg z"~"2 g*r2gs| ~{" s« ®rk | gzk~"n2 §M"@E®k?a| e

AéB®rk?a& pk*"® 2k« « gr "« 82k«k| gk ~2 "f«k| gk ~p k]| c

i sppk2k| ®s”*z is”rg| ~«s«l f"® «r~"2zi | ~® fk ®*"yk]| "«
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PTCaéB28r~|] "] | ské @ gzks

A 83% of PTC

A Also found in:
I Follicular adenoma
I Follicular carcinoma
| Diffuse hyperplasia
I Medullary carcinoma

A NOT pathognomonic for PTC but

when diffuse in the tumor fairly

reliable diagnostic finding

* 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
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éB28r~"| "] | ské @ gz

The American Journal of Surgical Pathology 771100 T067=1072, 1993

PMID: 8372945

Letters to the Editor

Orphan Annie Eve Nuclei: A
Historical Note

Ronald A. DeLellis, M.D.
Department of Pathology

Tufts Umversity School of Medicine
New England Medical Center
Boston, MA

A Resemblance initially used by Nancy Warner, MD (USC Dept of Pathology)
A Ascribed to Nathan Friedman, MD-i s « ®s | g ®s ~ k

Martha Scott (motion picture star)

~

AWNE L k2 @ | *"MN«sg

A-2] Wra| kap 67® ~gg
[ | i

aaki ® ~

PTC

nggknran] gk
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{k ®r *"® ®r k«k
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| gzks s|
| gzks {
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TUMORS of the THYROID GLAND

by
WILLIAM A. MEISSNER, M.D.

Supplement

AFIP

From: Tumors of the Thyroid Gland. Atlas
of Tumor Pathology Supplement Fascicle
4, Second: 1984

Papillary Adenocarcinoma

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

~
~ Ve

ée~"ka A% - k"2« g~ >s|i«™NM. NEG®Z
often indented nuclear membrane of papillary cancer

cells and emphasized the opaque ground glass

appearance (also described as emptylooking,

"Arg ~z" "®kil ~8®sg”rzz- gzk~ral 7|
66k Y>s|i«” - b pkz® ®r"*"® "~ ® {-~2
behave biologically like papillary tumors even if the

«®2 g® 2k pnuk2k p~zzsg z"2eé

éPrk g~ gk8® ®r"*"® p~zzsg z"& gn
represent papillary carcinomas has been generally

accepted and has led to the awkward term follicular
'/\as/\|®~p §/\§SZZ/\a_ gAagS|~{Aé

Aéd4~a@® | "®kz-1 « gr ® {~2« ~ak g
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A Differentiated Thyroid Carcinoma B Differentiated Thyroid Carcinoma

PTC nuclei Follicles PTC nuclei

+ + Follicles
A
Papillae Encapsulation 4 : :
Papillae Encapsulation
. € > <€ > 1
PTC FC - € PTC i FC >
Dominance of follicular carcinoma Dominance of papillary carcinoma

Tallini G, Tuttle RM, Ghossein RA. ] Clin|Endocrinol Metab 102:13-22, 2017, PMID: 27732333

PTC



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




What accounts for the PTC nuclear alterations

Virchows Arnch {2004) 444:350-355 .
DOT 101007/ =004 2E-003- 09624 PMID: 14758551

ORIGINAL ARTICLE

Mauro Papotti - Andrea I¥, Manazza -
Roberto Chiarle - (vianni Bussolati

Confocal microscope analysis and tridimensional reconstruction
of papillary thyroid carcinoma nuclei

A Not fully understood

A Papotti et al: confocal microscopy and 3 dimensional
reconstructions of characteristic nuclear alterations:

e ?n. rkzg8 I s«®s| g s«r
g~|] 1 s®s ~| «é
A Does not explain the morphology of the PTC nuclei
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Emerin Immunohistochemistry

H&E stain Emerin stain
Sensitivity 16.36% (16/44) 77.27% (34/44)
Specificity 97.06% (3V34) Q4.1 2% (324
Accuracy 62.82% (49/78) 84.61% (66/78)
Inter-observer concordance 04878 (moderate agreement) 068090 (substntial agreement)
Emenn HBME-I Cral 3

Sensitivity  64.28% (18728)  60.71% (17/28)  60.71% (17/28)
Specificity  96.00% (2425)  BR.00% (22/25)  68.00% (17/25)

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



Mo sony 254 OPringer Protocols gppllcallun of Inmunohistochemistry in Papillary Thyroid
. . | arcinoma

Alfred K. Lam and Katherine Ting-Wei Lee 2022

A Panel of CK19, HBMEL, galectin 3 and CD56

A Strong CK19 and HBME1, and loss of CD56
distinguish (FV)PTC from follicular adenoma and
adenomatoid nodules

Carcinoma A BRAF and RAS IHC

Methods and Protocols

Papillary Thyroid

RY 5
3.& Humana Press
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IHC in PTC
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Sadiq et al. World Journal of Surgical Oncology (2021) 19:143

https://doi.org/10.1186/512957-021-02258-7 WO_'rld Journal of
Surgical Oncology

HBME1 and CK19 expression in non- ®

invasive follicular thyroid neoplasm with
papillary-like nuclear features (NIFTP) vs
other follicular patterned thyroid lesions

Qandeel Sadiq], Radhika Sekhri®, Daniel T. Dibaba®*, Qi Zhao® and Shweta Agarwals'

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

Percent

PTC

20.0% -

10.0% -

0.0% -

Meg-Neg
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HBME1_CK19
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NIFTP
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PTC Diagnosis- Does IHC Help?

- Markers purportedly valuable in diagnosis and DDX:
- HBMEZ1, CK19, galectin3:
- 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

PTC



Adenomatoid Nodule




Follicular Thyroid Adenoma




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

PTC



Follicular-Patterned Lesions of the Thyroid

The Bane of the Pathologist
Zubair W. Baloch, MD, PhD, and Virginia A. LiVolsi, MD

Am J Clin Pathol 2002;117:143-150 PMID: 11789719

Follicular-Patterned Thyroid Lesions o _ _ ) _ _
A Difficulty in the diagnosis of these lesions stems from various

EE'FAEEWUE inyparpiastic, adsnomatoid] nodules factors, including a lack of consensus regarding diagnostic
e ol
Carcinoma criteria

Minirmally invasive . . : : :

Grossly encapsulated, angioinvasive A Inadequate clinicopathologic correlative studies with careful

Widely invasive
Follicular variant of papillary thyrosd carcinoma
Follicular variant of medullary carcinoma
"Hybnd”® turmors

pathologic review and longterm follow-up

PTC



Observer Variation in the Diagnosis of Follicular Variant of
Papillary Thyroid Carcinoma

Ricardo V. Lloyd, MD,* Lori A. Erickson, MD,* Mary B. Casey, MD,* King Y. Lam, MBBS, FRCPA,*

Christine M. Lohse, BS,* Sylvia L. Asa, MD, PhD, T John K. C. Chan, MBBS, FRCPA,
Ronald A. DeLellis, MD,§ H. Ruben Harach, MD, PhD,¥ Kennichi Kakudo, MD, PhD, '

Virginia A. LiVolsi, MD,** Juan Rosai, MD, 71 Thomas J. Sebo, MD, PhD,*

Manuel Sobrinho-Simoes, MD, PhD, } [ Bruce M. Wenig, MD,§§ and Marick E. Lae, MD*
Am J Surg Pathol 2004:28:1336:40 [PMID: 15371949]

TABLE 1. Summary of Diagnoses by Reviewers*

Reviewer FVPCA FA FCA Other
| 100 0 0 0
2 4.7 12.6 0 12.6
3 85.1 13.8 .1 0
4 717.0 20.7 .1 1.1
5 91.9 4.7 0 3.5
) 100 0 0 0
7 91.9 1.1 0 6.9
8 98.9 0 1.1 0
0 46.0 379 12.6 3.5

10 60,9 1.5 |.2 264

PTC

A 87 cases

A concordant diagnosis with a
cumulative frequency of 39%

A Kappa statistics (interrater
reliability):
i Ono agreement
I 0.01-0.20 none to slight
I 0.21 - 0.40 fair
I 0.41 - 0.60 moderate
I 0.61 - 0.80 substantial
I 0.81 - 1.00 almost perfect



Iinterobserver and Intraobserver Variation Among Experts
in the Diagnosis of Thyroid Follicular Lesions With
Borderline Nuclear Features of Papillary Carcinoma

Tarik M. Elsheikh, MD,! Sylvia L. Asa, MD,? John K.C. Chan, MD,’ Ronald A. DeLellis, MD,*
Clara S. Heffess, MD,” Virginia A. LiVolsi, MD,® and Bruce M. Wenig, MD’

A No ideal solution in the diagnosis of cases
Am J Clin Pathol 2008;130:736-744 PMID: 18854266

with incomplete or borderline nuclear

features
A 6 reviewers; 15 cases- Interobserver andintraobserver variation

A Light microscopy currently remains the gold
A Nuclear features of PTC not well developed or only focally developed

_ _ standard in the absence of wellaccepted
A Unanimous agreement FVPTC in 13% (2 cases)

o _ _ _ _ independent means (IHC; molecular) to
A Majority agreement on benign and malignant diagnoses in 27% (4

validate the diagnosis of PTC
cases)

A Majority agreement on malignant diagnosis in 53% (8 cases) A Need to cevelop repigdugiple criteriaito/elp

o o _ reduce the significant inter- and
A Lack of agreement on minimal criteria needed to diagnose FVPTC _ _
intraobserver variation

A Intraobserver agreement ranged 17#100%

PTC



Diagnosis of FVPTC

A Can be subjective

A No defined threshold in a circumscribed to encapsulated thyroid lesion without invasion but
with focus/foci showing PTClike nuclear features below which = benign (e.qg., follicular thyroid

adenoma) and above which = malignant (e.g., FVPTC,; other)
A-s™Q|] ~«s« s« s| ®rk ék-k ~p ®rk fkr~zik2éb

I Some pathologists behold it more often than other pathologists

PTC



Follicular Variant of Papillary Thyroid Carcinoma
A Clinicapathologic Study of a Problematic Entity

e mwmn | Cancer 2006;107:1255-64 [PMID: 16900519]

Giovanni Tallini, mo®
Diane L. Carlson, mo*
Mora Katabi, mo*

Ashok Shaha, mo?

R. Michael Tuttle, mo®
Ronald A. Ghossein, mo*

- Two types:

- Encapsulated - like FTAdid not develop lymph node

metastases or recurrences and could be treated by

lobectomy alone
Non-encapsulated FYPTC

- Infiltrative (nonencapsulated) - resembles classic ey

PTC in its metastatic lymph node pattern and

invasive growth

PTC



Molecular genotyping of papillary thyroid
carcinoma follicular variant according to its
histological subtypes (encapsulated vs
infiltrative) reveals distinct BRAF and RAS
mutation patterns

Michael Rivera'?®, Julio Ricarte-Filho*?, Jeff Knauf??, Ashok Shaha*, Michael Tuttle?,
James A Fagin*** and Ronald A Ghossein™*®

MoODERN PATHOLOGY (2010) 23, 1191-1200

PMID: 20526288

Follicular adenoma/ Classical papillary
carcinoma (low rate of carcinoma (high rate
nodal metastasis) of nodal metastasis)
J y

RAS+++ BRAF+++

Encapsulated follicular Infiltrative

variant papillary carcinoma follicular variant papillary

(low rate of nodal metastasis) carcinoma (high rate of nodal

metastasis)

PTC



RET/PTC translocation 0 26-28 3

BRAF mutation 0 53-75 (V600E) 0-7 (K601E)

RAS mutation 18-53 - 0 25-47

PAX8/PPARy translocation Follicular adenoma: 4-33 0 38
Follicular carcinoma: 45-63

A Molecular profile of FVPTC similar to follicular thyroid adenoma and follicular thyroid
carcinoma and varies from classical PTC

PTC



Molecular Biology of Differentiated Thyroid Tumors

[CANCER RESEARCH 48, 4459-446% Augest 15, 1388) PMID: 3293774 > Oncogene. 1988 Apri2(4):403-6. PMID: 3283656
Activated ras Oncogenes in Human Thyroid Cancers’

Nick R. Lemoine,” Edward S. Mayall, Fiona S. Wyllie, Christine J. Farr, David Hughes, Rose Anne Padua,
Valerie Thurston, E. Dilwyn Williams, and David Wynford-Thomas

Detection of activated ras oncogenes in human
thyroid carcinomas

H G Sudrez ', J A Du Villard, B Caillou, M Schlumberger, M Tubiana, C Parmentier, R Monier

Affiliations + expand
PMID: 3283656

A First reports of activated of all 3RASoncogenes {H-, K- N-ras) mutations in thyroid neoplasms highlighted a
significant relationship between activated RASoncogenes and follicular thyroid carcinoma:

I Preferential replacement of glutamine by arginine at position 61
A Subsequent studies supported this association but also unearthed thaRASmutations can be molecular drivers in

follicular thyroid adenoma and in nodules arising in the background of goiters
A Tumors with a predominant expansile but not infiltrative growth pattern, often (but not always) with clear
encapsulation, and follicular architecture are classified asRAS|ike tumors because of the high incidence

of RASmutations and a common mRNA and protein expression profile

PTC



A new oncogene in human thyroid
papillary carcinomas
and their lymph-nodal metastases

A. Fusco®, M. Grieco®, M. Santoro*, M. T. Berlingieri®,
S. Pilottit, M. A. Pierottit, G. Della Portai
& G. Vecchio® Nature 1987:328:170-2. PMID: 3600795

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

PTC



Br. J. Cancer (1989), 60, 576-577 PMID: 2679847 © The Macmillan Press Ltd., 1989

SHORT COMMUNICATION

Papillary and follicular thyroid carcinomas show a different pattern of
ras oncogene mutation

P.A. Wright', N.R. Lemoine'’, E.S. Mayall', F.S. Wyllie', D. Hughes’, E.D. Williams' &
D. Wynford-Thomas'

PCR analysis of 33 differentiated thyroid carcinomas

In combination with their other series found overall rate ofras 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 glutamin€Y 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

PTC



BRAF Mutation in Papillary
Thyroid Carcinoma

Yoram Cohen, Mingzhao Xing,
Elizabeth Mambo, Zhongmin Guo,
Guogun Wu, Barry Trink, Uziel
Beller, William H. Westra, Paul W.
Ladenson, David Sidransky

JCNI 2003;95:625-627.

PMID: 12697856 Table 1. BRAF mutations in primary human

tumors and thyroid cell lines

Mo, of
Mo, of TIT96A
samples  mutations
Tumor type screened (%)
Thyroid
Papillary cancer i5 24 (69)
Follicular cancer 13 0 {0
Hurthle cancer 3 0 {0
Medullary cancer 3 00
Benign tumors 20 0 ()
Cell lines* 9 6 (67T)
Others
Lung cancer} 214 4(1.9)
Head and neck cancerf 126 6 (4.8)
Cervical cancer§ I8 0 (0
Prostate cancer 17 0 {0
Bladder cancer 27 0 {0
Tiotal 505 40(8)

Molecular Biology of Differentiated Thyroid Tumors

High prevalence of BRAF mutations in thyroid cancer: genetic
evidence for constitutive activation of the RET/PTCRAS-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

- 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

PTC



Landscape of Genomic Alterations in 402 Papillary Thyroid Carcinomas
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The Cancer Genome Atlas (TCGA) Research Network. Cell 2014;159:67&90.

PMID: 25417114
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Implications of the TCGA Genomic Characterization
of Papillary Thyroid Carcinoma for Thyroid Pathology:
Does Follicular Variant Papillary Thyroid Carcinoma Exist?

Sylvia L. Asa Thomas J. Giordano? and Virginia A. LiVolsi®
Thyroid 2015;25:1-3 [PMID: 25417114]

A Validation of morphology reflecting tumor biology and determining behavior
A Did not address distinction between FVPTC and Follicular Thyroid Carcinoma (FTC)

A Common 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

éeWk 8§82 ~8~«k ®r”*"® ®r k ®s{k r*"« g~{k f™«Kki ~ |
Al ~p®k|] g~ p «s|q ®k?®{s|~z~q- p~zzsg z"?
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Noninvasive FVPTC

A Subjective histologic diagnosis

A No defined threshold in a circumscribed to encapsulated thyroid lesion without invasion but with
focus/foci showing PTClike nuclear features below which = benign (follicular thyroid adenoma) and

above which = malignant (FVPTC)
A-s”g|] ~«s« s« s| ®rk ék-k ~p ®rk fkr~zi k2éb
I Some pathologists behold it more often than other pathologists
A Indolent biology:
I No metastasis
I No deaths from disease
A Molecular findings do not correlate to PTC
A Why diagnose as cancer?

PTC
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JAMA Oncology | Original Investigation

Nomenclature Revision for Encapsulated Follicular Variant

of Papillary Thyroid Carcinoma

A Paradigm Shift to Reduce Overtreatment of Indolent Tumors

Yuri E. Niiforow, MD. PhiD: Raja R. Serthala, MD; Geowanni Tallini, MD; Zubair W, Baloch, MD, PRD;

Fubvic Basolo, MD; Lester . A. Thompson, MO Justine A Barletta, MO Bruce M. Wenig. MD: Abir Al Ghuzian, MO:

Kennichi Kakuda, MD, PhD; Themnas ) Giordana, MD, PhD; Venanco A Alves, MID. P

Elham Khanafshar, MD, M5; Sylvia L. Asa, MD. Phi: Adel K. El-Maggar, MD: Wiliam E. Gooding, M5

Stewen P Hodak, MD; Ricardo V. Loyd, MO, Ph: Guy Maytal, MD: Ozgur Mete, MID: Marina N. Nilsfarova, MD;
Vania Nosé. MO, PhDx Mauna Papotti, MID; David M. Paller, ME. ChE, MO, FRCPath; Peter M. Sadow, MIDL PRD:

Acthur 5 Teschier, MD: R Michael Tuttle, MO: Kathryn B Wll; Vingnia A. LiVioki, MID: Gregary W. Randolph. MD:

Romald & Ghossein, MD

IMPORTANCE Although growing evidence points to highly indalent behavior of encapsulated
follioular variant of papdlary thyroid carcinoma (EFVPTC), most patients with EFVPTC are
treated as having conventional thyroid cEncer.

0BJECTIVE Toevaluate dinical outcomes, refine diagnostic oiteria, and develop a
nomendzture that appropriataly reflects the biclogical and dinical characteristics of EFVPTC.

DESIGN, SETTING, AND PARTICIPANTS. International, multidisciplinary, retrospective study of
patients with thyroid nodules diagnesed as EFVPTC, induding 109 patients with noninvasive
EFWPTLC ohserved for 10 to 26 years and 101 patients with invasive EFVPTC observed for 1to
18 yaars. Review of digitized histobogic slides collectad at 13 sites in & countries by 24 thyrosd
pathologists from 7 countries. A saries of teleconferences and a face-to-face confiarence ware
used to establish consensus diagnostic aiteria and develop new nomendatura.

MAIN OUTCOMES AND MEASURES. Frequency of adverse outcomes, induding death from
disease, distant or locoregional metastases, and structural or biochemical recumence, in
patiants with noninvasive and invasive EFVPTC diagnosad on the basis of a sat of
reproducible histopathologic critesia.

RESULTS Consensus diagnostic critena for EFVPTC were developed by 24 thyroid
patholagists. Al of the 109 patients with noninvasive EFVPTC (67 treated with only
lobectomy, none recaived radioactive iodine ablation) were alive with no evidence of disease
at final fiollow-up (median [range], 13 [10-26] years). Anadvarsa evant was seenin 12 of 101
(129} of the cases of invasive EFVPTC, induding 5 patients developing distant metastases, 2
of whom died of disease. Basad on the cutcomeinformation for noninvasive EFVPTL, the
name “naninvasive folioular thyroid neoplasm with papillary-Bke nudear features™ (NIFTP)
was adopted. A simplified diagnostic nudear scoring scheme was developed and validated,
yielding asensitivity of OB.6% (95% C1, 96 3%-99 4%), specificity of D019 (95% C1,
86.0%-93.13%). and overall dassification aocuracy of 94-3% (95% O, 92 19%6-96.0%) for
NIFTF.

COMNCLUSIONS AND RELEVANCE Thyroid tumars currently diagnosed as noninvasive EFVPTC
have a very low risk of adverse outcome and should be termead MIFTR. This redassification will
affiert a large population of patients workdwide and result in a significant reduction in
psychological and dinkcl consequences assodated with the dizgnosis of cancer.

JAMA Oncology 2016;2:1023-1029
PMID: 27078145]
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Ehe New ork imes

It's Not Cancer: Doctors Reclassify a
Thyroid Tumor

A noninvasive follicular thyroid neoplasm with papillary-like nuclear features, or
Niftp, a type of tumor that was previously considered a kind of cancer, but has been
downgraded by a panel of doctors. Yuri Nikiforov

By Gina Kolata
April 14, 2016

ith

ve

gnosis




NIFTP a Original Inclusion Criteria

A Encapsulated or circumscribed

Ad~zzsg z~2a §~®®k?2| gq2~pu®r YA C é®2
A No psammoma bodies

A Nuclear score 2-3

A < 30% solid, trabecular, insular growth

A No cellular features of other variants of PTC

A No tumor necrosis or high mitotic activity (O3/10HPF)

A No invasion (vascular or capsular): entire tumofcapsule or tumor-parenchymal interface
must be submitted

PTC
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