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Thyroid 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



• Can molecular markers provide robust risk stratification 
of thyroid cancer independent on pathology?

• Can this be achieved preoperatively?

Molecular Markers of Cancer Risk



Wang N, et al. Cancer. 2014;120:2965-79



Xing M et al. JCEM (2005) Elisei R et al. JCEM (2008)

N=219

Kim TY et al. Clin Endocrinol
(2006)

N=203

All Variants of PTC included Conventional PTC Only

N=102

All Variants of PTC included

Molecular Markers of Cancer Risk
Early years ‐ BRAF



Molecular Markers of Cancer Risk
Early years ‐ BRAF

JAMA, April 10, 2013—Vol 309, No. 14



Yip et al. Ann Surg 262:519-25 (2015)

• 1510 patients, 97% with PTC
• Excised tumors tested for 7 
common mutations

• 70% of tumors found 
mutation‐positive

• Mean follow‐up 33 ± 21.2 
months with PTC

Low risk 

Intermediate 
risk 

Molecular Markers of Cancer Risk
More knowledge



Molecular Markers of Cancer Risk in DTC
TERT mutations 

Melo M et al. JCEM (2014) Song YS et al. Cancer (2016)

DTC, n=551



Song YS et al. Cancer (2016)   

RAS+TERT

BRAF+TERT

RAS

TERT

BRAF

DTC, n=551

Xing M et al. JCO (2014)

BRAF+TERT    

PTC, n=507

Intermediate‐risk 
tumors

High‐risk tumors

Low‐risk tumors

Molecular Markers of Cancer Risk in DTC
Current stage



TERT+BRAF/RAS

TERT only
BRAF or RAS alone

Shen X et al. ERC (2017)   

TERT+BRAF/RAS 
Recurrence rate=52%
HR=8.17 (95% CI 3-22)
HR adjusted=14.71 (95% CI 3-78)

PTC, n=388, 19 sites (TCGA study)

Molecular Markers of Cancer Risk in PTC
Current stage



Adjusted RR 9.34 (2.53‐34.48) 

Molecular Markers of Cancer Risk in PTC
Survival



• Meta‐analysis of 27 studies 
reporting 8,388 TC patients

Front Oncol. 2020

Molecular Markers of Cancer Risk



TERT       
5%      32%      

Minimally  invasiveWidely invasive

Ganly et al. Cancer Cell 2018

Hurthle cell carcinomas



Gopal et al. Cancer Cell 2018

TP53mutations observed more often in widely‐invasive vs minimally‐
invasive HCC (p=0.04)

High‐risk Hurthle cell carcinomas



Genetic Profile

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

Cancer risk stratification using molecular markers 

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



• Case-control study 

• 62 patients with DTC with distant mets 

• Propensity matched cohort with DTC without distant mets 

• At least 5 yrs follow-up

• ThyroSeq v3 targeted NGS panel (112 genes) to classify as high, intermediate, and low risk

Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.

Cancer risk stratification using molecular markers 



Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.

Cancer risk stratification using molecular markers 



Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.

Cancer risk stratification using molecular markers 



Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.

Cancer risk stratification using molecular markers 
Prevalence‐adjusted predicted probability of DM associated with molecular risk groups detected by ThyroSeq

High Risk 
TSv3 Profile

Intermediate Risk 
TSv3 Profile

Low Risk TSv3 
Profile



Yip L, et al. Cancer. 2021. doi: 10.1002/cncr.33421.

Prevalence‐adjusted predicted probability of DM associated with molecular risk groups detected by ThyroSeq

High Risk 
TSv3 Profile

Intermediate Risk 
TSv3 Profile

Low Risk TSv3 
Profile

Clinical Range

Cancer risk stratification using molecular markers 

19%

34%

5%

9%

0.4%0.2%



Genetic Profile

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

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

5-year risk of distant 
metastasis

High‐risk profile  
(20‐35%) 

Intermediate‐
risk profile  
(5‐10%) 

Low‐risk 
profile 
(<1%) 

Yip L et al. Cancer (2021)

Molecular Markers for Cancer Risk Stratification



o Design:
• 78 patients with Bethesda III/IV nodules, positive
TSv2/TSv3 result and surgical outcome

o Findings:
• TERT/TP53 and BRAF‐like ThyroSeq mutations
were associated with increased cancer probability
and risk of recurrence defined by histopathologic
features

• RAS‐like mutations were associated with lower
cancer probability and indolent disease

Does this work in FNA samples?



o Conclusions:
• Individualized management, including extent of
surgery, should be considered based on specific
genetic alterations found in cytologically
indeterminate thyroid nodules

Chin PD et al. Endocr Pathol. 2020 Dec;31(4):377‐384.

Does this work in FNA samples?



0.4 cm PTC 0.6 cm PTC

Malik N et al. Endocr Pract. 2019

• 8 patients presented with symptomatic bone 
metastasis from unknown primary

• Bone biopsy – thyroid cancer
• Thyroid surgery: 7 ‐ follicular variant PTC; 1 ‐

tall cell variant PTC
• Primary tumor size 0.4‐7.5 cm 

Are high‐risk thyroid cancers large and clinically apparent?



Molecular profiles of 
test‐positive nodules

Steward DL et al. JAMA Oncology (2018)

• Prospective double‐blind 
multicenter study 

• Bethesda III‐V cytology with 
surgical outcome

• Primary outcome: accuracy of 
detection of cancer+NIFTP

• 257 nodules
• 68 cancers/NIFTP



Spectrum of genetic alterations in PTC (n=512)

Nikitski A, Condello V, Wald A, Nikiforova M, Chiosea S, Nikiforov Y. ATA Abstract. Thyroid, Volume: 31 Issue S1: 2021

Tumor with TERT as a late event ~10% of PTC



Susp or Pos for PTC

Size >4 cm, cT4

TT + CND

Size >1 cm and <4 cmSize <1 cm

2015 ATA Guidelines

Neck ultrasound w. no LLNM

MT

Lobe TT
Clinicaltrials.gov: NCT02947035

MT

AS Lobe v. TT
HN SPORE:  P50 CA097190-15

Molecular Markers to Direct Extent of Thyroidectomy 
Trial NCT02947035 PI: Lin Yip



• Abundant retrospective data on molecular markers 
association with recurrence, distant mets, and survival

• Rapidly increasing number of studies on cancer risk 
stratification in FNA samples 

• Results of prospective trials pending

Summary



Thank you!




