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Objectives

◼ Review ultrasound risk stratification 

◼ Compare existing guidelines for risk stratification and FNA 

biopsy criteria

◼ Discuss the potential clinical utility of molecular markers in the 

evaluation of indeterminate thyroid nodules

◼ Outline initial management after comprehensive evaluation



Nodules:  Palpable              Incidental

◼ CLINICAL QUESTIONS:

1. Is it cancer?

2. Does it cause 
symptoms?

3. Is it impacting thyroid 
function?



CLINICAL QUESTIONS:

◼ Is it cancer?

◼ Does it cause symptoms?

◼ Is it impacting thyroid function?



How common are nodules?

Ultrasound/AutopsyUltrasound/Autopsy

Palpation

Mazzaferri, NEJM 1993



Why do I have these nodules?

◼ Iodine Deficiency

◼ Autoimmune Thyroid 

Disease

◼ Family History of 

Nodules

◼ History of Smoking

◼ Radiation Exposure

◼ Insulin Resistance



ATA 2015 Guidelines – Haugen et al. 



Too many biopsies !



High

Suspicion

70-90%

Intermediate

Suspicion

10-20%

Low

Suspicion

5-10%

Very low

Suspicion

<3%

Benign

<1%

ATA 2015: Nodule Sonographic Pattern Risk of  Malignancy

Haugen et al. Thyroid; October 2015 (epub)



Tessler et al; J ACR 2017 POINT BASED



Composition

◼ Spongiform

◼ Pure Cyst

◼ Mixed Solid-Cystic

◼ Solid



◼ aggregation of multiple 

microcystic components 

in more than 50% of the 

volume of the nodule

◼ “honeycomb of internal 

cystic spaces”

◼ Only 1 in 360 spongiform 

nodules malignant

◼ 99.7% Specificity (Moon)

“Spongiform” nodules

Moon Radiology 2008; 247: 762-70

Bonavita AJR 2009; 193:207-13





Spongiform

Echogenic foci often interpreted as micro-calcs



Echogenicity

◼ Hyperechoic 

◼ Isoechoic

◼ Mildly Hypoechoic

◼ Markedly (very) Hypoechoic



Isoechoic



Hypoechoic



Hypoechoic



Markedly Hypoechoic

Compare to strap muscles and SCM



Shape/Orientation

◼ Parallel (wider than tall)

◼ Non-Parallel (taller than wide)



Taller than wide

Kim AJR 2002; Cappelli Clin Endocrinol 2005; Moon Radiology 2008

Nodule is taller than wide on

the transverse view



Margin

◼ Smooth

◼ Microlobulated

◼ Spiculated

◼ Ill-Defined

◼ Invasive



Halo

Thin Halo 

Benign Follicular Adenoma
Thick, Irregular Halo

Follicular CA



Margins

Poorly defined, but not

infiltrative (spongiform)
Irregular



Infiltrative/Irregular Borders



No Halo, but a Smooth Margin



Gross Extra-Thyroidal Extension



Echogenic Foci

◼ Punctate echogenic foci (“microcalcifications”)

◼ Intranodular macrocalcification

◼ Rim calcification

◼ Intracystic echogenic foci with comet tail



Colloid within Cystic Nodule with “Comet Tails”



Eggshell Calcifications with Shadowing

Smooth Eggshell

Maybe Reassuring

Interrupted Eggshell

Not reassuring



Microcalcification vs Comet Tail



Microcalcifications



Microcalcifications



Suspicious Sonographic Features

◼Hypoechoic

◼Microcalcifications 

◼ Infiltrative margins

◼Taller than wide shape

◼Abnormal cervical lymph nodes

◼Extrathyroidal extension 



ALWAYS look for lymph nodes !



Suspicious Sonographic Features

◼Hypoechoic

◼Microcalcifications 

◼ Infiltrative margins

◼Taller than wide shape

◼Abnormal cervical lymph nodes 

NOT DOPPLER?



What About Intranodular Flow?

B-Mode Power Doppler

NO LONGER CONSIDERED AN INDEPENDENT 

RISK FACTOR WHEN DECIDING ON FNA



PTC – lack of Doppler

Don’t be re-assured by lack of

Doppler flow !



High

Suspicion

70-90%

Intermediate

Suspicion

10-20%

Low

Suspicion

5-10%

Very low

Suspicion

<3%

Benign

<1%

ATA 2015: Nodule Sonographic Pattern Risk of  Malignancy

Haugen et al. Thyroid; October 2015

PATTERN BASED



ACR TI-RADS 2017

Tessler et al; J ACR 2017

◼ Point based system

◼ Composition

◼ Echogenicity

◼ Shape 

◼ Margins

◼ Echogenic Foci

◼ “Leave no nodule behind”



ACR TI-RADS



ACR TI-RADS



Partially cystic nodules—the solid part

Uniformly solid area, abutting one side of cyst -- ECCENTRIC

Kim Am J Neuroradiol 2010 31:1961

Concentric



Cystic PTC



R8 US Pattern and suggested FNA cutoffs 

Sonographic 

Pattern

Estimated 

malignancy

risk

FNA size 

cutoff

Strength 

of  rec

Quality of  

evidence

High suspicion >70-90% > 1 cm Strong Moderate

Intermediate 

suspicion

10-20% > 1 cm Strong Low

Low suspicion 5-10% > 1.5 cm Weak Low

Very low 

suspicion

< 3% > 2 cm Weak Moderate

One option is surveillance

Benign < 1% No biopsy Strong Moderate

FNA is not recommended for nodules 

that do not meet the above criteria, 

including all nodules < 1 cm 

Strong Moderate

Haugen et al. Thyroid; January 2016



ACR TI-RADS FNA Recommendations



Sonographic 

Pattern
Strength 

of  rec

Quality of  

evidence

High 

suspicion
Repeat US 6-12 months Weak Low

Intermediate/ 

Low 

suspicion

Repeat US at 12-24m Weak Low

Very low 

suspicion
> 1cm: Utility and time 

interval of  repeat US for risk 

of  malignancy is not known.  

If  repeated, do at > 24 

months 

NO rec Insufficient

<1cm: Do not require 

routine US surveillance

Weak Low

R24 Recommended follow-up of 

nodules that have not undergone FNA 

Haugen et al. Thyroid; January 2016





Indeterminate Cytology –

Bethesda Classes III and IV



ATA 2015 Guidelines

Haugen et al.  Thyroid 2016



Afirma GSC – Introduced 2018



Afirma GSC – BC III and IV

NPV 96%

PPV 47%



Afirma GEC vs GSC for BC III/IV

52%
Specificity

GEC

68% 
Specificity

GSC

Test Sens Spec Ca % NPV PPV

GEC 92% 52% 24% 93% 37% 

GSC 91% 68% 24% 96% 47%

Alexander EK et al, NEJM 2012

Patel KN et al, JAMA Surg 2018

Improved Specificity → Higher Benign Call Rate



Clinical Validation of  ThyroSeq v3 GC

Steward DL et al. JAMA Oncology 2019;5:204-212



ThyroSeq v3 GC Performance in Multi-Center Study

Steward DL et al. JAMA Oncology 2019;5:204-212



Steward DL et al. JAMA Oncology 2019;5:204-212



Labourier et al. JCEM 2015

• Retrospective cross-sectional 
sampling

• Patients with  thyroid nodule/s with 
Bethesda III or IV cytology and 
known surgical outcome

• 12 United States endocrine centers

• Local surgical pathology report used 
(blinded to molecular results)

• 109 nodules (58 BC III and 51 BC IV)

ThyGenX/ThyraMIR - Validation Study



JCEM 2015

32% Prevalence
Prevalence – 32%



Molecular Signature

BRAF+TERT, RAS+TERT

Multiple driver mutations  

(eg. NRAS and PIK3CA or TP53)

TERT

ALK fusions

NTRK1 fusions

NTRK3 fusions

BRAF V600E

RET/PTC

RAS

BRAF K601E

PAX8/PPARG

RAS-like 
mutations

BRAF V600E-
like mutations

Molecular markers for cancer risk stratification

High Risk
Gross extrathyroidal extension, 

incomplete tumor resection, distant metastases, 

or lymph node >3cm

Intermediate Risk
Aggressive histology, minor extrathyroidal 

extension, vascular invasion,

or > 5 involved lymph nodes (0.2-3 cm)

Low Risk
Intrathyroidal DTC

≤ 5 LN micrometastases (< 0.2 cm)

Risk of Structural Disease Recurrence
(In patients without structurally identifiable disease after initial therapy) 

PTC, >1 cm, TERT mutated ± BRAF mutated* (>40%)

PTC, extrathyroidal, BRAF mutated* (≈ 10-40%)

Intrathyroidal PTC, < 4 cm, BRAF mutated* (≈10%)

Intrathyroidal, < 4 cm, BRAF wild type* (≈ 1-2%)

Intrathyroidal unifocal PTMC, BRAF mutated*, (≈ 1-2%)

FTC, extensive vascular invasion (≈ 30-55%)

pT4a gross ETE (≈ 30-40%)

pN1 with extranodal extension, >3 LN involved (≈ 40%)

pN1, any LN > 3 cm (≈ 30%)

PTC, vascular invasion (≈ 15-30%)

Clinical N1 (≈20%)

pN1, > 5 LN involved (≈20%)

pT3 minor ETE (≈ 3-8%)

pN1, all LN < 0.2 cm  (≈5%)

pN1, ≤ 5 LN involved (≈5%)

Intrathyroidal PTC, 2-4 cm (≈ 5%)

Multifocal PMC (≈ 4-6%)

pN1 without extranodal extension, ≤ 3 LN involved (2%)

Minimally invasive FTC (≈ 2-3%)

Unifocal PMC (≈ 1-2%)

Intrathyroidal, encapsulated, FV-PTC (≈1-2%)

Haugen BR et al. Thyroid. 2016, 26:1-133 Slide courtesy of Yuri Nikiforov, MD



V600EBRAF-like PTC                               RAS-like PTC

• Classic papillary/tall cell

• Infiltrative 

• Spread to lymph nodes 

first, later to distant sites

• Prone to loose markers 

of thyroid differentiation

• Follicular variant

• Encapsulated

• Spread to distant sites, 

rare to lymph nodes

• Retain markers of thyroid 

differentiation

Cyto: BC V & VI Cyto: BC III & IV



Tumors with isolated RAS mutations

Benign 
Adenoma

50%

NIFTP
25%

Cancer
25%

Benign
Adenoma

NIFTP

Cancer

◼ Most common mutation

◼ Most cancers with isolated RAS 

are low risk (FV-PTC)

◼ Lobectomy Appropriate

Marcadis et al. Surgery 2019





Afirma GSC and ThyroSeq v3 GC performance in 

Hurthle cell nodules

Hurthle cell 

hyperplasia

n=11

Hurthle cell 

adenoma

n=34

Hurthle cell 

carcinoma

n=10

Accuracy of

detection
100% 62% 100%

ThyroSeq V3

Steward DL et al. JAMA Oncology 2019;5:204-212

Cohort Sensitivity Specificity

GSC Overall 91% 68%

GSC Hurthle 89% 59%

GEC Hurthle 89% 12%

Afirma

Alexander EK et al, NEJM 2012

Patel KN et al, JAMA Surg 2018



Practical Utilization of Markers

◼ Only order if will change the plan

◼ IF already decided on surgery, not useful 

◼ Patient preference

◼ Compressive symptoms

◼ Size, age, gender, risk factors

◼ Best Use: reasonable to avoid surgery w/ indeterminate FNA 



After a Benign FNA Biopsy…

◼ Benign by cytology – Bethesda Class II

◼ Indeterminate (BC III or IV) with negative molecular



Sonographic 

Pattern
Strength 

of  rec

Quality of  

evidence

High 

suspicion
Repeat US and US FNA 

within 12 months

Strong Moderate

Intermediate/

Low 

suspicion

Repeat US at 12-24m 

If  growth or new suspicious 

US feature, repeat FNA OR 

continued observation

Weak Low

Very low 

suspicion

Utility of  surveillance US and 

assessment of  nodule growth as 

an indicator for repeat FNA is not 

known.  If  repeated, US should at 

> 24 months 

Weak Low

IF 2nd US FNA done with benign cytology, US 

surveillance for continued risk of  malignancy is 

no longer indicated 

Strong Moderate

R23 Follow-up of nodules with benign cytology 

Haugen et al. Thyroid; January 2016



Stephanie Lee - AACE 2016 AM



Slide from Stephanie Lee - AACE 2016 AM



Large nodules

◼ Cytologically benign large nodules 

(>3,4 or 5cm) not recommended 

for resection in absence of other 

indications

◼ False negative rates are low and 

institution/practice dependent

◼ Resection may lead to increased 

morbidity compared to 

surveillance



Multinodular Goiter Considerations

◼ Evaluate each nodule individually

◼ Assess compressive symptoms

◼ Pemberton’s sign and neck flexion 

◼ Classic MNG/Hyperplasia – similar appearing coalescing nodules 

with little to no normal background parenchyma

◼ Evaluate for tracheal deviation and substernal extension





Indications for thyroid surgery

◼ Over-functioning nodule(s)

◼ Symptoms due to size

◼ Trouble swallowing

◼ Cough

◼ Voice changes

◼ Breathing difficulties

◼ Cosmetic concerns

◼ Patient Preference

◼ Diagnosis or suspicion of clinically significant cancer



Non-Surgical Options for 

Benign Nodules

◼ Thyroxine medication (if hypothyroid)

◼ Iodine repletion (if deficient)

◼ Radioactive Iodine

◼ Percutaneous Ethanol Injection 

◼ Radiofrequency Ablation

◼ High Frequency Ultrasound

◼ Laser



2017 Bethesda System



Lymph Node Assessment – MUST be 

performed pre-operatively !



Initial Surgery for Thyroid Cancer

Less than 4cm, 

option of

Critical to look at lymph nodes prior to surgery!







Non DTC Initial Management

◼ Medullary Thyroid Cancer

◼ Serum Calcitonin to guide pre-op staging

◼ CT w/ contrast to evaluate aero-esophageal invasion

◼ Total Thyroidectomy and Central Compartment Dissection

◼ Lymphoma 

◼ Diagnosed on Flow Cytometry – often with Core Biopsy

◼ Non-surgical management by Med Oncololgy

◼ Anaplastic

◼ Urgent referral to tertiary center



Saunders BD, Wainess RM, Dimick JB, Doherty GM, Upchurch GR, Gauger PG. Who performs endocrine operations in the United States? Surgery 2003;134:924–931



Trends in Incidence & 

Death (2004 – 2013)

https://seer.cancer.gov/csr/1975_2013 - Figure 1.4



2 Different Thyroid Cancers !

9mm Nodule – incidentally discovered on 
CT scan

Patient with arm numbness

FNA thyroid 

Papillary thyroid 

cancer
Emergent spinal

cord decompression

Differentiated Thyroid Cancer

Presenting as Vertebral Met



SEER 2019



Increasing Incidence 

Without Increased Mortality

OVERDIAGNOSIS





A cytology diagnostic for a primary thyroid malignancy will almost 
always lead to thyroid surgery.  However, an active 
surveillance management approach can be considered as an 
alternative to immediate surgery in:

(a) patients with very low risk tumors (e.g. papillary 
microcarcinomas without clinically evident metastases or local 
invasion, and no convincing cytologic evidence of aggressive 
disease), 

(b) patients at high surgical risk because of co-morbid conditions, 
(c) patients expected to have a relatively short life span (e.g. 

serious cardiopulmonary disease, other malignancies, very 
advanced age), or 

(d) patients with concurrent medical or surgical issues that need 
to be addressed prior to thyroid surgery.

2015 ATA Guidelines
Based on Japanese Experience 

Haugen, Thyroid 2016



Observational Management Approach to 
Papillary Microcarcinoma

n Tumor 

size

Follow-

Up

Increase 

≥ 3 mm

Stable

± 3 mm

Decrease 

≥ 3 mm

LN 

Mets

USA 291 ≤ 1.5 cm 2 yrs 4% 92% 4% 0%

Korea 192 ≤ 1 cm 2.5 yrs 2% 95% 3% 0.5%

Korea 370 ≤ 1 cm 2.7 yrs 4% 96% - 1%

Japan 1,235 ≤ 1 cm 5 yrs

10 yrs

5%

8%

95%

92%

-

-

2%

4%

Japan 415 ≤ 1 cm 6.5 yrs 6% 91% 3% 1%

Tumor Progression During Active Surveillance

Ito, Thyroid 2014,  Sugitani JCEM 2014,  Kwon JCEM 2017, 

Oh Thyroid 2018, Tuttle JAMA Otolaryngology 2017



Observational Management Approach to 
Papillary Microcarcinoma

n Tumor 

size

Median

Follow-

Up

Tumor 

Volume

Increase 

≥  50%

Tumor 

Volume

Stable

± 50%

Tumor 

Volume

Decrease 

≥  50%

USA 291 ≤ 1.5 cm 2 yrs 12% 79% 7%

Korea 192 ≤ 1 cm 2.5 yrs 14% 69% 17%

Korea 370 ≤ 1 cm 2.7 yrs 23% 77% -

Japan* 169 ≤ 1 cm 10 yrs 25% 57% 17%

Tumor Progression By Volume During Active Surveillance

Kwon JCEM 2017, Tuttle JAMA Otolaryngology 2017, Oh Thyroid 2018

*Miyauchi, Surgery 2018 (tumor volume doubling rate/year)



Outcomes Similar:

Japan, Korea and USA

◼ Active Surveillance of Low Risk PTC

◼ 10-15% will have tumor volume increase

◼ Younger patients more likely to progress

◼ 1-2% will have clinically relevant nodal mets

◼ Salvage therapy is effective



Tumor/US
Characteristics

Patient
Characteristics

Medical Team
Characteristics

Implementing Active Surveillance in the US

Requires concurrent evaluation of three inter-related domains

Appropriate 

Ideal 

Inappropriate

A clinical framework to facilitate risk stratification when 
considering an active surveillance alternative to immediate 

biopsy and surgery in papillary microcarcinoma.
JP Brito, Y Ito, A Miyauchi, RM Tuttle.  Thyroid 2015

Slide Courtesy of Dr. Michael Tuttle



Ideal – low risk PTC, surrounded by thyroid 

parenchyma



Abuts capsule but not invasive - appropriate



Not Appropriate  



Multifocal Disease - appropriate



Indications for surgical intervention

◼ Increase in size of primary tumor*

◼ ≥ 3mm increase in tumor diameter and/or

◼ ≥ 100% increase in tumor volume

◼ Identification of metastatic disease

◼ Direct invasion into surrounding structures

◼ Patient preference

May individualize decision for surgery depending on 

proximity to thyroid capsule and doubling time



Active Surveillance 

≠

Do Nothing

◼ Requires diligent follow-up

◼ Committed multidisciplinary team

◼ Clear language and expectations

◼ Expert sonography

Barriers: fear, lack of education in community

reluctance to de-escalate treatment 

Shuman A. Commentary in JAMA Otolaryngology-Head & Neck Surgery. 2018



Summary: Less is More

◼ Epidemic of thyroid nodules demands a risk stratification scheme 

that reduces the number of biopsies

◼ Molecular testing may avoid surgery in cytologically indeterminate 

nodules

◼ Lobectomy is an option for PTC 1-4cm without imaging evidence 

of invasion or lymph node involvement

◼ Active Surveillance of low risk cancers will be more common


