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Breaking Bad

• Breaking Bad is "built on the uncomfortable premise that 
there's an irrefutable difference between what's right and 
what's wrong, and ….the characters have real control over 
how they choose to live." 

• The central question of Breaking Bad is "What makes a man 
'bad' – his actions, his motives, or his conscious decision to 
be a bad person?" 

• In the world of Breaking Bad, "goodness and badness are 
simply complicated choices, no different than anything else.“

Chuck Klosterman, Grantland:

http://grantland.com/features/bad-decisions/



What is a “Good” Thyroid Cancer?

• Most carcinomas derived from the follicular epithelium 
of the thyroid gland are well differentiated (>90%) and 
well-behaved, with a 10-year disease-specific survival 
of 85-93%

• These indolent cancers are localized to thyroid gland, 
do not recur or metastasize beyond local lymph nodes, 
and are thus easily curable with hemi- or total 
thyroidectomy, with possible local nodal dissection 
and/or radioactive iodine ablation 



Papillary thyroid carcinoma (PTC)

https://seer.cancer.gov/statfacts/html/thyro.html



What is a “Bad” Thyroid Cancer?

• Distant metastasis, reported in <1-15% of cases, 
decreases 10-year survival to 10-40%

• Poorly differentiated

• Anaplastic

• Tumor stage as defined by the AJCC/UICC

• Clinical factors:
• Gender and patient age have been identified as important 

modifiers of risk
• Clinical scoring systems such as AGES (Age, Grade, Extent of 

disease, Size), AMES (Age, Metastasis, Extent of disease, Size) 
and MACIS (Metastasis, Age at presentation, Completeness of 
surgical resection, Invasion, Size)



The Spectrum: Good and Bad

• Well-differentiated PTC or FTC without capsular or vascular invasion, 
is an indolent entity, with a five year survival of over 95%.  

• Local invasion and/or lymph node metastasis portends a higher risk 
of local recurrence (increased morbidity), but no effect on mortality

• perhaps because of the availability of highly effective targeted 
radioactive iodine therapy

• Widely invasive FTC with angioinvasion has five year survival of 38%

• Well-differentiated carcinomas may dedifferentiate via a multi-step 
process of genetic and epigenetic alterations to poorly differentiated 
and/or undifferentiated/anaplastic thyroid carcinoma 



Haugen et al. Thyroid. 2016 Jan;26(1):1-133.

American Thyroid Association 
Risk Stratification of Thyroid Carcinoma



Management by Risk Stratification

• Active Surveillance 

• Surgery (hemithyroidectomy) and postop surveillance 

• Surgery, RAI 

• Surgery, RAI, RT 

• Surgery, RAI, RT, TKI 

• RT, TKI



The Road to “Bad”

• Clinical Features
• AGES/AMES/MACIS Scores

• Age
• Grade
• Tumor stage (Extent of disease, i.e. Size, ETE/Invasion, Metastasis)

• Morphologic Features
• Subtypes of DTC
• Angioinvasion
• Extrathyroidal extension
• Dedifferentiation

• Molecular Features
• Initiating events
• Progression by accumulation of genetic mutations
• Epigenetic alterations



Morphologic Features of
“Bad” Papillary Thyroid Carcinoma

Tall cell variant                Columnar cell variant        Hobnail cell variant

Aggressive variants of papillary thyroid carcinoma



What is the Definition of 
Tall Cell Variant?

Hernandez-Prera et al; Pathologic Reporting of Tall-Cell Variant of Papillary 
Thyroid Cancer: Have We Reached a Consensus?

Thyroid 2017 Dec;27(12):1498-1504. 



What about focal tall cell change?

Beninato et al. Ten percent tall cells confer the aggressive features of the tall cell variant of papillary thyroid carcinoma. Surgery. 2013;154(6):1331
Oh et al. Classic papillary carcinoma with tall cell features and tall cell variant have similar clinicopathologic features. Korean journal of pathology.2014;48:201
Ganly et al. Prognostic implications of papillary thyroid carcinoma with tall-cell features. Thyroid 2014;24(4):662-670.
Dettmer et al. Tall cell papillary thyroid carcinoma: new diagnostic criteria and mutations in BRAF and TERT. Endocrine Related Cancer. 2015;22(3):419-429.
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Bongers PJ et al: Papillary thyroid cancers with focal tall cell change are as aggressive as 
tall cell variants and should not be considered as low-risk disease. Submitted. 



• Angioinvasion (if you use the right definition!)

• Thrombus adherent to intravascular tumor
• rate of angioinvasion is ~3%, distant metastasis in

• ~1/3 of angioinvasive well differentiated thyroid carcinomas
• ~1/2 of angioinvasive poorly differentiated thyroid carcinomas

Morphologic Features of
“Bad” Papillary Thyroid Carcinoma

Mete and Asa, Modern Pathol 2011; 24(12):1545-52



Do deepers



Morphologic Features of “Bad” in DTC

Does the extent of 

angioinvasion matter?

• Goldstein et al, Modern Pathol

2000;13:123-30

• Collini et al, Histopathology 

2004:44:35-39

• Ghossein et al, Cancer 2006; 

106:1669-76

• Mete and Asa, Modern Pathol 2011; 

24(12):1545-52
Angioinvasion



Is This Extrathyroidal Extension?

Where is the thyroid capsule ?

Mete et al, Ann Surg Oncol 2010, 17(2): 386-391

Morphologic Features of
“Bad” Papillary Thyroid Carcinoma





Minimal Extra-Thyroidal Extension (AJCC 7 pT3)                Extensive Extra-Thyroidal Extension (pT4)

Skeletal muscle invasion is ETE

Morphologic Features of
“Bad” Papillary Thyroid Carcinoma

Mete and Asa. Eds. Endocrine Pathology. Cambridge University Press, 2016.

Desmoplastic tissue reaction: no ETE
Look for the striation!

Muscle invasion is not ETE in the isthmus



What is the Significance of 
Extra-Thyroidal Invasion?

• Primary Tumor (pT)

• ___ pTX: Cannot be assessed

• ___ pT0: No evidence of primary tumor

• ___ pT1: Tumor size 2 cm or less, limited to thyroid

• ___ pT1a: Tumor 1 cm or less in greatest dimension limited to the thyroid.

• ___ pT1b: Tumor more than 1 cm but not more than 2 cm in greatest dimension, limited to the 
thyroid

• ___ pT2: Tumor more than 2 cm, but not more than 4 cm, limited to thyroid

• ___ pT3: Tumor more than 4 cm limited to thyroid or any tumor with minimal extrathyroid
extension (eg, extension to sternothyroid muscle or perithyroid soft tissues)

• ___ pT4a: Moderately advanced disease. Tumor of any size extending beyond the thyroid capsule 
to invade subcutaneous soft tissues, larynx, trachea, esophagus or recurrent laryngeal nerve

• ___ pT4b: Very advanced disease. Tumor invades prevertebral fascia or encases carotid artery or 
mediastinal vessels

Maybe 

because this 

is not really 

ETE??

The AJCC 8 grading has changed the definition of pT3
T3a Tumour more than 4 cm in greatest  dimension,  limited to the thyroid

T3b Tumor of any size with gross extrathyroidal extension invading only strap muscles 
(sternohyoid, sternothyroid, or omohyoid muscles)

Maybe 

because this 

is not really 

ETE??

What is the 

definition of 

“gross”??

AJCC 7



AJCC/UICC TNM Staging of PTC
Predicts disease specific mortality but does not take into account 

tumor histology, molecular profile or effectiveness of initial therapy

• Age (cut-off: 55 years)

• Tumor Size 
<1 cm, 1-2 cm, 2-4 cm, >4 cm

• Extra-thyroidal extension
-gross strap muscle
-adjacent organs
- recurrent laryngeal nerve
-mediastinal vessels, carotid,    

prevertebral fascia 

• Nodal metastasis

• Distant metastasis 



Did we go too far? The prognostic performance of the 8th edition 
of the AJCC is lower in pT1-3a disease with microscopic ETE

Tran et al. J Clin Endocrinol Metab June 2018: 103: 2199-2206

Morphologic Features of
“Bad” Papillary Thyroid Carcinoma



Proteomic Biomarkers of “Bad” in PTC

• 410 PTCs with morphologic and clinical data

• BRAF status known

• TMA analysis of:
• Histopathologic biomarkers of malignancy: Galectin-3, CK 19, 

HBME-1

• Cell differentiation factors: NIS, CITED-1 

• Nuclear receptors: ERα, ERβ, and PPAR-

• Adhesion molecules: CEACAM-1, Osteopontin, Fibronectin, 
E-Cadherin

• Cell cycle regulators: Cyclin-D1, p53, p27, p21 



ETE: 
↑membranous CK19, HBME, 

Gal 3,OPN

↓cytoplasmic HBME , CK19 

↑ nuclear ERβ, Gal3, p53

LNM:
↑ membranous HBME1, CK19, Gal3

↓ cytoplasmic FBN and CK19  

↑ nuclear Gal3, Erβ

VI:
↑ membranous Gal3 

↓ cytoplasmic Gal3 

PTC Proteome

Cheng et al, Clin Cancer Res 

2011:17(8):2385-94



PTC Proteome
By Morphology
FVPTC:

ETE:
↑ membranous CK19, HBME, Gal3,
OPN
↓cytoplasmic CK19
↑nuclear Gal3

LNM:
↑membranous HBME1, CK19, Gal3
↓membranous E-Cadherin
↓cytoplasmic HBME1, CK19, FBN
↑ nuclear Gal3
↓nuclear PPARγ

VI:
↓ nuclear PPARγ

Classic PTC

ETE: ↑ ERβ
LNM: ↑cyclin D1, ↓FBN
VI: ↓ p27



Molecular Features of “Bad” in DTC

• BRAF V600E, other mutations, rearrangements

• RET and/or TRK Rearrangements 

• RAS

• PIK3CA

• PPAR gamma

• TERT promoter 

• Tp53

• Epigenetics

Molecular Immunohistochemistry
Baloch Z, Mete O, Asa SL. Immunohistochemical Biomarkers in Thyroid Pathology. Endocr Pathol. 2018; 29:91-112.

BRAFV600E

RAS ALK



BRAF Mutations & Aggressiveness

Cheng et al, Clin Cancer Res 2011:17(8):2385-94

410 PTCs



Genomic Alterations in 402 PTCs

Cancer Genome 
Atlas Research 
Network:            
Cell 2014;
159, 676–90.



TERT Promoter Mutations 

Cancer Genome Atlas Research Network: Cell 2014; 159, 676–690.



TCGA
miRNA-seq
Data

Cancer Genome Atlas Research Network: 
Cell 2014; 159, 676–690.



Epigenetic Control: DNA Methylation

N Engl J Med. 2007 Feb 15;356(7):731-3 



Cyclin D1 and p27 Predict Metastasis in PTC

Khoo et al, J Clin Endocrinol Metab 2002, 87:1814-8



Fibronectin in Thyroid Cancer

• Fibronectin mediates adhesion in thyroid carcinoma and 
restrains tumour growth

• VD upregulates fibronectin and restores adhesiveness of 
thyroid carcinoma

• The PTEN/PI3 Kinase pathway is involved in FN 
regulation and VD action on FN and adhesion

• The mechanism underlying overexpression in papillary 
carcinoma is unclear, but appears to be compensatory, 
and is lost in aggressive and dedifferentiated thyroid 
cancers

Liu et al, Mol Endo 2005; 19(9):2349-57



CEACAM1 in Thyroid Cancer

•CEACAM1 is expressed in a small thyroid malignancies 

with lymph node spread 

•CEACAM1 has a novel dual role in thyroid carcinoma:       

it suppresses thyroid cell proliferation, while promoting 

invasion and metastasis
Liu et al, Oncogene 2007; 26:2747-58

•VD inhibits CEACAM1 to promote insulin/IGF-I receptor 

signaling without compromising anti-proliferative action

•CEACAM1 represents a target for VD therapy which may 

have potential therapeutic applications
Liu et al, Lab Invest 2011 ;91(1):147-56



FGFR2 Epigenetically Regulates BRAF

Kondo et al, Cancer Res 2007;67: 5461

FGFR1

FGFR2

FGFR2 is decreased in thyroid cancer

St Bernard et al, Endocrinology 146:1145-1153, 2005

FGFR1 is expressed in normal and cancer



MAGE in Thyroid Cancer
• Normal thyroid tissue exhibits weak cytoplasmic and strong nuclear 

MAGE reactivity  

• Tumors exhibit an increase in cytoplasmic MAGE that correlates with 
clinical behavior
• larger tumors have higher MAGE scores

• correlation between MAGE cytoplasmic score and # of lymph node metastases

Cheng et al, Endocrine Related Cancer 2009;16:455-466

• Downregulation of FN or FGFR2 induce expression of MAGE-A3 
through histone methylation

• MAGE- A3 mediates p21 down-regulation, accelerated cell cycle 
progression, increased cell migration rate, invasion and metastasis 

• MAGE-A3 is a functional integrator of diverse signals in mediating 
cancer progression 

Liu et al, Cancer Res 2008;68:8104-8112



Dedifferentiation in Thyroid Cancer

DTC

Poorly Differentiated (“Insular) Carcinoma            Anaplastic Carcinoma



• Reduced membrane stain 
for -Catenin correlates with 
dedifferentiation

• Nuclear translocation due to 
exon 3 mutation in 25% of 
insular carcinomas and 65% 
of anaplastic carcinomas

CTNNB1 Mutations in 
Poorly Differentiated (Insular) 
Thyroid Carcinoma

Garcia-Rostan et al, Am J Pathol 2001;158:987



PIK3CA Mutations Predict 
Aggressive Behavior

• Identified in anaplastic carcinoma

• Garcia-Rostan et al, Cancer Res 2005;65:10199-207

• Wang et al, JCEM 2007;92:2387-90

• Accompanies other mutations in aggressive 

papillary carcinoma and metastases

• Costa et al, Clin Endocrinol 2008;68:618-34

• Ricate-Filho et al, Cancer Res 2009;69:4885-93



MicroRNA Profile of 
Poorly Differentiated Thyroid Carcinoma

• miR-125a-5p, -15a-3p, -182, -183-3p, -222, -222-5p

• miR-130b, -139-5p, -150, -193a-5p, -219-5p, -23b, -451,       

-455-3p and miR-886-3p

• Association with tumor relapse and tumor-specific death

Dettmer et al, J Mol Endocrinol 2014;52(2):181-9 



STRN-ALK Fusions 

• Complex rearrangement involving short arm of chromosome 2

• Leads to constitutive activation of ALK kinase via dimerization 

mediated by the coiled-coil domain of STRN 

• Targeted by the ALK inhibitors crizotinib and TAE684

• Highest prevalence in poorly differentiated and anaplastic 

thyroid cancers

Kelly et al, PNAS 2014; 111(11):4233-8



p53 Alterations in Thyroid Carcinoma

Mutations are common in
Anaplastic carcinoma 

Immunolocalization correlates 
with extent of disease, 
extrathyroidal involvement, 
recurrence and poor outcome in 
differentiated carcinoma 

Hosal et al, Endocr Pathol 1997, 8:21-28



Slide courtesy of Dr. O. Mete

Breaking Bad: goodness and 
badness are simply complicated



Conclusions

• Well-differentiated and dedifferentiated thyroid carcinomas have 
different molecular signatures and behaviors 

• The road to aggressive behavior may be predicted based on both 
histological and molecular subtyping 

• Aggressive tumors may be well differentiated 

• histological subtyping and accurate morphology, specifically 
angioinvasion, have prognostic implications 

• A multitude of molecular players are involved in tumorigenesis, 
progression and aggressive behavior

• point mutations, rearrangements, and epigenetic alterations 
that target growth factors and their receptors, tyrosine kinases, 
angiogenesis mediators, cell-cycle regulators as well as 
adhesion molecules



Follicular nodular disease

aka “Hyperplasia”

Follicular 
adenoma

Follicular adenoma

Progression in Thyroid Follicular Neoplasms

PTC

PDTC


