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PATHOLOGY PERSPECTIVE
• April 2016- Non-invasive Follicular Thyroid Neoplasm with Papillary-like
Nuclear features

• They have the nuclear features of papillary thyroid cancer without papillary
architecture
• But they are not supposed to invade LN’s or metastasize to distant locations
• And they have practically no recurrences and no tumor related mortality by
retrospective review in contrast their invasive and minimally invasive cousins
• Nikiforov describes them as pre-cancers due to their high prevalence of clonal
DNA abnormalities (60-80%)- most commonly RAS family mutations

Nikiforov YE, Seethala RR, Tallini G, Baloch ZW, Basolo F, Thompson LD, et al. Nomenclature
Revision for Encapsulated Follicular Variant of Papillary Thyroid Carcinoma: A Paradigm
Shift to Reduce Overtreatment of Indolent Tumors. JAMA Oncol. 2016;2(8):1023–9

GENETICS- DNA
• Only two groups of DNA alterations are clearly and
unequivocally sensitive and specific for classical papillary
cancer

• BRAF V600E mutation
• RET/PTC1 and 3 rearrangements- seen more often in radiation
exposed patients (Chernobyl)
• Together they are seen in about 50% of classic PTC’s

• Other mutations like HRAS, NRAS and KRAS mutations, as
well as PAX8/PPARγ rearrangements are much less specific
for thyroid cancer than BRAF V600 and RET/PTC

METABOLISM
THE WARBURG
EFFECT
“Cancer, above all other
diseases, has countless
secondary causes. But even
for cancer, there is only one
prime cause. Summarized in
a few words, the prime
cause of cancer is the
replacement of the
respiration of oxygen in
normal body cells by a
fermentation of sugar” Otto
Warburg ~1950

IMMUNOLOGIC PERSPECTIVE
• Virchow noted an association between inflammation and cancer in the 18th
century
• Multiple pathologic studies show papillary thyroid cancers are swimming in a
sea of chronic lymphocytic thyroiditis (? Selection bias)
• But paradoxically, the immune cells surrounding these cancers are
notoriously incapable of disposing of them (T reg downregulation of CD4,
CD8 and KT cells)

POSSIBLE
SCENARIOS
• Chicken or
egg ?
• CLT as primary
event
currently
favored
• T regs
surrounding
tumor
currently
thought to
confer
immunologic
tolerance
F Boi, S Mariotti. Thyroid Autoimmunity and Thyroid Cancer: Review Focused on Cytological Studies. Eur Thyroid J: 2017 Jul; 6(4): 178–186.

THE CONTINUUM OF UNCONTROLLED
THYROID GROWTH
Hyperplasia Neoplasia Pre-Cancer

MNG

Adenoma

No mutations

NIFTP

Barely cancer

cancer

Cancer

MI Encapsulated FVPTC

PTC

Tall Cell PTC

Mutations and Rearrangements

BRAF and RET-PTC

Reasonably Normal Carb Metabolism Heightened Glycolytic Metabolism

Nasty Cancer

Anaplastic

Multiple Mutations

PET Positivity

PRE-CANCER AND BARELY
CANCER
• These patients frequently have multifocal and bilateral
disease
• NIFTP patients in our practice have a 35% chance of
papillary cancer elsewhere in the gland
Golding A, Shively D, Bimston DN and Harrell RM. Non-invasive Follicular Thyroid
Neoplasms with Papillary-Like Nuclear Features: Clinical Lessons from a CommunityBased Endocrine Surgical Practice. Int J Surg Onc vol 2017. doi:
10.1155/2017/2017/4689465

GENETICS-RNA EXPRESSION PANELS
• Look at what genes are being expressed in the tissues in question
• Ask the mathematical question- what expression profiles are reliably
associated with benignity (negative predictive value testing)

• Deal with the problematic issue that the positive predictive value based
mutation and rearrangement model misses 10-30% of all thyroid cancers (no
detectable mutations)
• Employ special pathways for Hurthle Cell dominant aspirates (Afirma
GSC)since these tumors have more mitochondrial DNA abnormalities and
copy number variances that are not seen in typical follicular thyroid cancer
containing nodules

SO HOW DO WE DIAGNOSE
THYROID CANCER?
• Pathologic appearance?

• Mutation or translocation profile?
• Metabolic profile?
• Immunological profile?
• Clinical behavior? – of course but often this data is availalble too late to
inform preventive therapy
What about a combined assessment of mutations and
translocations along with immunologic status and metabolism-

The Expression Panel
(1) mRNA’s
(2) miRNA’s

PROBLEMS IN PARADISE:
ISSUES FACED BY EARLY GENETIC MARKER PRODUCTS

Sensitivity and NPV: Heavily influenced
by pre-test probability of thyroid
cancer
Alexander 24%, Harrell 33%

Sensitivity: Only 70% of thyroid cancers
had a 7 panel mutation

Thyroseq
Specificity: Patel Pittsburgh data 2016Only 76% of RAS mutated nodules were
cancers with the greatest to least
specific:HRAS 92%, NRAS 74%, KRAS
64%
Lupo et al reported much greater
heterogeneity in RAS PPV in their survey
of the literature Thyroid 28:6 June 2018

Could we do
better?

Afirma
GEC
Specificity: Hurthle Cell dominant nodules
segregate to “Suspicious 80-90% of the
time and therefore Afirma GEC not very
helpful with Hurthleoid aspirates

PROBLEMS IN PARADISE:
ISSUES FACED BY EARLY GENETIC MARKER PRODUCTS
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CONCLUSION
• Like the wave/particle duality of light, thyroid cancer can be defined and
described from several different and relevant points of view
• To the best of our current knowledge, thyroid cancer is a series of
molecular events that result in abnormal mRNA and miRNA expression
patterns, disturbed mitochondrial and respiratory metabolism and
immunologic tolerance to proliferating thyroid cancer cells
• Modern approaches take advantage of all these descriptive platforms to
engineer new and better diagnostic tests and treatments

• As the ultimate clinical managers of patients with thyroid cancer, it is
incumbent on endocrinologists and endocrine surgeons to remain current
regarding evolving trends in the basic science of thyroid cancer and to
understand the concept of mRNA expression panel analysis
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