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Gene Expression Profiling Early 2000’s

• Field was largely initiated by 
the Director’s Challenge 
program of the NCI, 1999

• Spotted DNA microarrays
– Competitive hybridization

• Oligo DNA microarrays

• Michigan program project
– Lung, ovary and colon cancer

• RNA sequencing 



2003

Gene Expression 
Profiling 

Possesses 
Diagnostic 
Potential

Differential gene expression:
adrenal adenomas and carcinomas



2009



Gene Expression Profiling Possesses  
Prognostic Power



Adrenocortical tumors are easy 
compared to thyroid tumors

• Tumor classification 
schemes differ

– Thyroid has more 
diagnostic entities

• Pathologists do not agree 
on thyroid diagnoses even 
after resection

– Especially true for follicular 
patterned lesions

“True” papillary carcinoma

High agreement amongst 
pathologists



Follicular Variant of Papillary Carcinoma (or NIFTP)

High agreement amongst pathologists



Follicular lesions - ? Carcinoma (or NIFTP)

Source of anguish and disagreement 
amongst pathologists

Biggest source of consultation cases



2004
Gene Expression Study of 95 Thyroid 

Tumors and 4 Normals
• To create a genome-wide gene expression 

dataset that spans the entire spectrum of 
thyroid neoplasia

• Affymetrix arrays

• To classify the tumors using statistical 
techniques

• Apply knowledge of pathology and genotype



Thyroglobulin Expression in Thyroid Tumors
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Calcitonin Expression in Thyroid Tumors
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Strong correlation between gene 
expression and genotype

Papillary patterned Follicular patterned

FVPTCPTC, Classic and Tall cell N
T

MISC 

PAX8/
PPARg

RAS +/-BRAF BRAF BRAFRET/PT
C +/-

FC Oncocyti
c tumors

FA + 
FC

No mutations
N
M

Confirmed by TCGA study of PTC (Cell, 2014)



Morphology Mutation



Simplified

classification





PPARg gene expression is a marker of the PAX8-
PPARg translocation
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FC(+) FC(-) NT FA OA OC PC AC

7 FCs with the translocation



Distinct Gene Expression Profile Driven by PAX8/PPARg Fusion



“Afirma” Gene Expression Classifier

• Based on the abundant literature, it is not 
surprising that a gene expression based 
classifier could be successfully developed

• Not surprising that you can identify a BRAF-
V600E signature

• Designed to identify benign nodules so that 
patients can avoid surgery

• 142 gene panel performed on thyroid FNA 
samples using Affymetrix arrays



“Afirma” Gene Expression Classifier
Series of Studies

• Analytical validation
• Clinical validation
• Clinical utility
• Cost effective

• Variation in performance across institutions
– Differences in patient populations with distinct 

prevalence of malignancy
– Differences in cytology practice
– Differences in surgical pathology practice



Nice model for test assessment

• Calculated the institutional PoM for each 
category of the Bethesda system (Bethesda) on 
all thyroid nodules with cytological evaluation

• Assessing the institutional performance of each 
test is necessary along with PoM individualization



Field has Matured and Will Continue 
to Evolve



In DTC, strong correlation between 
gene expression and genotype



Source of discrepancy:
Evolution of RAS mutant tumor

No invasive 
potential Invasive potential 

but not invasive yet
Invasive tumor

Gene expression diagnosis - malignant 

Surgical pathology diagnosis - adenoma

time time



Source of discrepancy:
NIFTP

• We purposely did not considered 
NIFPT to be a cancer

• But not absolutely benign
• RAS mutation enriched
• Biology may be that of an in situ 

cancer
– Gene expression classifiers may be 

positive

• Complicates and affects the 
performance characteristics of 
these assays



Summary

• Gene expression classifiers and genotyping are 
complementary approaches that reflect the same 
underlying biology

• Each approach has benefits and disadvantages
– Gene expression can perform well in cases of unusual mutations, 

e.g. rare BRAF fusions
– Genotyping has to expand as new mutations are found (e.g. TCGA)

• Both approaches have common challenges
– Problem of RAS mutant follicular neoplasms 

• (FVPTV and NIFTP)

– Inter-observer variability amongst pathologists

• Combination of genotyping and gene expression will be 
advantageous 



Follicular variant of papillary carcinoma or NIFTP


