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Main diagnostic groups of the 2022 WHO Classification of Thyroid Neoplasms

Benign
Lesions

Thyroid follicular
nodular disease

Follicular thyroid
adenoma

Follicular thyroid
adenoma with
papillary
architecture

Oncocytic
adenoma

Overview of the main diagnostic groups of the 2022 WHO classification of thyroid tumors. Not included here are mixed medullary and follicular cell-derived carcinomas, salivary
gland-type carcinomas of the thyroid, thyroid tumors of uncertain histogenesis, intrathyroid thymic tumors and embryonal thyroid neoplasms. MI, minimally invasive; EAI,

Low-risk
Neoplasms

Non-invasive
follicular thyroid
neoplasm with
papillary-like
nuclear features
(NIFTP)

Follicular thyroid
tumor of uncertain
malignant potential
(FT-UMP)

Well-differentiated
thyroid tumor of
uncertain
malignant potential
(WD-UMP)

Hyalinizing
trabecular
thyroid tumor
(HTT)

Malignant Thyroid Neoplasms

Follicular thyroid carcinoma
(FTC)

Oncocytic carcinoma of the thyroid
(ocA)
|
] I 1
mi eai wi

Differentiated high-grade thyroid
carcinoma (DHGTC)

« Papillary, follicular or solid growth
o Invasive features
e Any nuclear cytology
e At least one of:
-Mitotic count =5/2 mm?
-Necrosis

encapsulated angioinvasive; WI, widely invasive. Created using BioRender.com.

Christofer Juhlin C et al. Endocr Relat Cancer 2022.

Invasive encapsulated follicular variant
papillary thyroid carcinoma (IEFV-PTC)

Papillary thyroid carcinoma

(PTC)
Subtypes
o Infiltrative o Solid
follicular o Diffuse
o Tall cell sclerosing
o Columnar cell © Warthin-like
o Hobnail o Oncocytic

Poorly differentiated thyroid
carcinoma (PDTC)

o Solid, trabecular or insular growth
¢ Invasive features
¢ No PTC nuclear features
e At least one of:
-Mitotic count =3/2 mm?
-Necrosis
-Convoluted nuclei

Anaplastic thyroid carcinoma (ACA)

¢ Anaplastic features
« Undifferentiated
phenotype
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Stage IVb

Figure 1. CT scan illustration of anaplastic thyroid carcinoma (ATC) staging.

Jannin A et al. Cancers 2022.
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Bonhomme et al. Thyroid 2017.
Capdevila et al. Ann. Oncol. 2018
Xu B et al. Thyroid 2020.

Ngo et al. Endocr. Pathol. 2021
Jannin A et al. Cancers 2022.



TABLE 2. PANEL OF ROUTINE IMMUNOHISTOCHEMICAL MARKERS FOR THE EVALUATION OF SUSPECTED ANAPLASTIC
THYROID CANCER AND EXPECTED RESULTS COMPARED WITH OTHER TuMOR TYPES

[HC marker DIC PDTC ATC MTC SCC Lymphoma
Pan-cytokeratins +++ g b B R =
Thyroglobulin +++ +/— — = - _
Thyroid-transcription factor 1 +++ +/— —/+ +/— — -
BRAFEY 600 /= e —/+ — - —
PAXS ++ +H+ +/— +/— - +-*
Ki-67" <5% 5-30% >30% <20% >30% variable
Chromogranin - = - SR o -
Calcitonin == = = +++/— — -
Carcinoembryonic antigen - - — 4 — _

p33 — (tate +) —/+ +/— = +/— +/—
CD45, other lymphoid markers — - — = = TR

+ indicates relative positive staining, — indicates negative staining, +/— indicates variable positivity.
“PAXS antibodies can cross-react with PAXS, which is expressed in lymphoid cells.

PPercentage of nuclei positive for Ki-67.

DTC, differentiated thyroid cancer; IHC, immunohistochemistry; MTC, medullary thyroid cancer: PDTC, poorly differentiated thyroid

cancer.

Bible KC et al. Thyroid 2021.
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—  Most frequent

Potential
therapeutic target

Table 1. Summary of the molecular alterations found in anaplastic thyroid carcinomas, reported in next-generation sequencing (NGS) studies analyzing more than 10

samples
Landa Iniguez-
et al. [6] Tiedje Ravi Yoo Khan Duan Son, Lai Ariza  Xu Wan
Kunstman and Pozdeyev etal. Bonhomme etal. etal. etal. etal eta etal. etal etal etal
Study etal. [5] etal.[ 8] etal. [9] [o] (RRD] [12] 3] [a] [15] e} nz [18%]
Genes analysed Complete 287-465 18 (chosen 50 (chosen Complete Complete 182~ 18 (chosen 50 7 [chosen 315 gall 324-  46-50
profein- (all exons) exons) exons) protein-  exons 315 exons) (chosen  exons) exons) + 468 (chosen
coding coding and introns  (all exons) 28 [all  exons)
regions regions exons) fusion exons)
57 (chosen + 28 genes
axcln;l + fusion
nes
fusion o
genes
Type of analysis WES TS 15 15 WES WGS/TS TS TS 15 TS TS s 15
Total of ATCs 22 196 118 94 14 27 20 25 16 27 19 98 79202
analyse:
Type of samples Frozen and Frozen FFPE FFPE FFPE Frozen  Frozen FFPE FFPE FFPE FFPE  FFPE  Frozen
FFPE and FFPE and FFPE  and
FFPE
Genes altered (%)
—f ) BRAF 27 41 n 14 18 41 32 56 38 26 32 4 42
——p  H-/K-/NRAS 27 27 20 43 18 44 29 28 13 41 21 24 22
EIF1AX 14 2 - - 9 33 0 8 6 - - 14 =
—p  TERT - 65 73° 54° 36 56 32 56 69 82 68 57 37
— TP53 27 65 35 54 55 48 66 60 38 70 74 72 54
RET 5 0 8 2 0 0 2 - 25 - 11 0 -
’ RET/PTC fusions - 0 - - 0 0 2 0 - - 0 2 -
PAX8-PPARG - 0 - - 0 0 0 0 - - -
sions
— PI3K/AKT/mTOR PIK3CA 10 14 12 6 18 11 12 44 0 15 16 15 13
—_— PTEN 0 1 - @ 18 7 13 12 0 - 16 13 g
STK11 0 1 - 1 0 0 1 - 0 - 0 0 -
MTOR 10 2 0 - 9 (o] 1 - 0 - 0 5 -
TsC2 0 2 1 - 0 0 6 - 13 - 0 0 -
— Receptor Tyrosine ALK 0 0 [o] ® o o 2:/.¢7 0 0 - 5 3 -
Kinases
EGFR 0 2 1 0 0 0 3 - = = 0 0 =
ERBB2 5 1 2 1 ) ) 3 - - - 21 0 -
KT 0 4 0 (] 0 0 2 - - - (¢] 0 -
MET 0 2 0 1 0 o 2 - - - 0 0 -
PDGFRA 0 3 1 o 0o o) 2 - [} - S 0 -
Tumour NF1 10 Q@ - - 4 ) 12 - 0 - 16 12 10
supressors
NF2 5 12 - - 18 4 14 - [} - 11 12 8
ATM 5 4 - 4 27 4 7 - 0 - 21 7 3
MEN1 0 4 - - 0 0 4 - 0 - 0 0 =
Cell cycle RB1 0 7 1 1 18 (0] 6 - 0 - 11 9 4
CDKN2A - 22 17 3 9 22 32 - - - 1 25 4
mutation
orloss
CCNET copy - 4 - - 29 = 4 = = = 11 =
gains
SWI/SNF 5 18 - 2¢ 21 4 29 - 31 - 37 16 5
complex
Histone 5 19 - - 18 15 6 - 50 - 0 13 -
modifications
Mismatch repair 14 6 - - 9 0 3 - 13 - 5 8 -
FFPE, formalindixed paraffin-embedded; TS, fargeted sequencing; WES, whol WGS, whok sequencing.

Sanger sequencing.
*Rearrangement by FISH detected in 1%.
“Only SMARCB 1 analysed.

dFusion genes searched

Jungels et al. Curr Opin Oncol 2023.



TABLE 3. INITIAL EVALUATION FOR STAGING,
TESTS, AND PROCEDURES

Laboratory tests
- CBC with differential
- Comprehensive chemistry panel (electrolytes, calcium,
blood urea nitrogen, creatinine, glucose, and liver tests)
- Thyroid function tests (TSH. free thyroxine). TG/TG
antibody

Imaging
- 'SE FDG PET/CT (preferred, whole body)®
- CT of neck, chest, abdomen. and pelvis with contrast or
MRI (acceptable if PET unavailable—and as needed
for surgical decision-making)
Recommended and if clinically indicated”
- MRI of brain with and without contrast
Procedures
- Laryngoscopy. also esophagoscopy as indicated _
- BRAF assessment by IHC and NGS testing of tumor®

“If PET/CT unavailable, bone scan may be useful to identify bone
metastases.

bClinica]ly indicated if the patient has symptoms suggestive of
brain metastases (i.e.. neurologic deficit, headache).

°BRAF IHC provides a rapid result and if positive NGS testing
may not be necessary. If BRAF THC is negative, NGS should be
performed as it is more sensitive.

CBC, complete blood count; NGS, next generation sequencing:
TG, thyroglobulin; TSH, thyrotropin.

Bible KC et al. Thyroid 2021. American Thyroid Association Guidelines



Factors associated with survival

A Overall Survival all Cohort ATC B  Overall Survival according to Disease Stage
Strata <+ Va <+ Vb <+ V¢
Strata =+ Al
1.00-
_ B p < 0.0001
20751 Ll
= £
@ 050+ 9 050
5 :
2 3 0.25
0.254 .29
6
0o01___ ' - . 000 u —
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Time in months Time in months
Number at risk Number at risk
o g Vaqi 15 13 8 i 4 3 2 1
S AI{360 109 58 37 26 21 14 10 B {102 45 27 18 14 10 7 6
» i . i i i . . . D ved 231 47 22 12 7 7 4 2
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
Time in months Time in months
Stage * IN Median OS (95%Cl) 12-Months OS
IVa 15 NA 92.9% (59.1%-99.0%)
AIATC | 360 6.8 (5.5-8.1) 32 .7%(28.1% 38.1%) Ve 231 4.6(3.5-5.7) 22.5% (17.2%-28.2%)
*12 Stage unknown

Jannin et al. Thyroid 2023.




Overall Survival according to Histology

Strata <~ Pure ~+ Synchronous Transformed ~+ Metachronous Transformed ~+ Metastases of DTC Metachronous

1.001
0.751 p < 0.0001
£
» 0.50 4
o s
0.251 o - -y
0001 _ . . . o i e . —
0 12 24 36 48 60 72 84
Time in months
Number at risk
Pureq 225 42 18 12 1 7 4 3
Synchronous Transformed 96 50 28 17 10 9 5 3
&3 Metachronous Transformed 16 2 1 0 0 0 0 0
Metastases of DTC Metachronous 14 13 10 8 5 5 5 4
0 12 24 36 48 60 72 84
Time in months
Stage * IN Median OS (95%Cl) 12-Months 0S
Pure 225 3.7 (3.0-5.3) 20.4% (15.3%-26.0%)
Synchronous Transformed 96 14.7 (11.0-25.6) 57.3% (46.4%-66.7%)
Metachronous Transformed 16 6.0(1.9-9.1) 12.5% (2.1%-32.8%)
Metastases of DTC Metachronous 14 45.0(14.4-101.9) 92.9% (59.1%-45.0%)

* excluded n=9 ATC both Metachronous and Synchronous transformed

Jannin et al. Thyroid 2023.



Strata <+ more 50 Gy == less 50 Gy == NoRT

A Overall Survival according to type of administered Therapy
Strata == Immunotherapy =+~ Target Therapy === Only Standard CT =+ Best supportive care
1.00
0.751 p < 0.0001
5}: 0.501
8
0.251
Ty
—
0.00
0 12 24 36 48 60 72 84
Time in months
Number at risk
12 0 4 2 1 1 ] o
£ Target Thera, 83 0 " 7 4 4 2 1
(% OnlyStandard CT{ wo » " 13 1 r $ “
Best supportivecara{ & 3 2 1 1 1 0 0
0 12 24 36 48 60 72 84
Time in months
Systemic treatment | N Median OS (95%Cl) 12-Months OS
Immunotherapy 12 | 20.1(11.2-NA) 83.3% (48.2%-95.6%)
Targeted Therapy 53 | 14.2 (11.3-18.0) 58.1% (43.6%-70.1%)
Standard CT only 140 | 6.5(5.3-7.7) 26.9% (19.7%-34.7%)
BSC 89 | 1.5(0.9-1.9) 4.2% (1.2%-10.5%)

1.001
0.751 p < 0.0001
%:' 0.50-
o]
0251
0.001 - e i
0 12 24 36 48 60 72
Time in months
Number at risk
more 50 Gy4{ 101 53 bo] 18 " 10 5
B less50Gy{ El 2 2 2 2 1
® NoRTH 119 7 4 1 0 0 0
0 12 24 36 48 60 72
Time in months
Radiotherapy* | Total | Median OS (95%Cl) 12-Months OS
Dose >=50 Gy 101 14.3 (10.6-17.8) 55.5% (45.2%-64.7%)
Dose < 50 Gy 46 3.6 (2.8-6.7) 19.6% (9.7%-32.0%)
No RT 119 1.62 (1.2-2.1) 7.3% (3.4%-13.3%)

*1 ATC excluded because unknown type of drug treatment

*29 ATC excluded because unknown dose of RT

FIG. 3. Overall survival in patients with [IVb-IVc ATC (n=295) according to treatment.
Jannin et al. Thyroid 2023.
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TABLE 2. UNIVARIATE AND MULTIVARIABLE ANALYSIS FOR OVERALL SURVIVAL QOUTCOME

Univariate cox regression,

Multivariable cox regression,

(n=295 ATC) (n=295 ATC)

Variables HR [CI] p HR [CI] p
Age 1.03 [1.02-1.04] <0.001 1.00 [0.99-1.01] 0.773
Sex

Female 1.00 (Reference)

Male 0.93 [0.72-1.19] 0.554
ECOG status

0 1.00 (Reference) 1.00 (Reference)

1 1.33 [0.96-1.83] 0.088 1.08 [0.78-1.50] 0.648

2 3.82 [2.52-5.80] <0.001 1.69 [1.07-2.66] 0.024

34 7.22 [3.72-14.03] <0.001 2.25 [1.13-4.49] 0.028

Unknown 1.70 [1.20-2.41] 0.003 1.16 [0.81-1.67] 0.405
Year of diagnosis

2010-2015 1.00 (Reference)

2016-2021 0.96 [0.75-1.23] 0.739
Histology

Synchronous transformed ATC 1.00 (Reference)

Pure-ATC 2.25 [1.69-3.00] <0.001 1.83 [1.33-2.51] <0.001
Stage

IVb 1.00 (Reference) 1.00 (Reference)

IVe 2.20 [1.66-2.91] <0.001 1.78 [1.33-2.51] <0.001
Therapeutic approach

BSC 1.00 (Reference)

Multimodal treatment 0.04 [0.02-0.00] <(.001 0.07 [0.04-0.13] <0.001

CRT 0.07 [0.05-0.11] <0.001 0.10 [0.06-0.16] <0.001

Other 0.16 [0.11-0.23] <0.001 0.22 [0.15-0.34] <0.001
NLR

<5.05 1.00 (Reference)

>5.05 3.04 [2.10-4.38] <0.001 2.05 [1.39-3.03] <0.001

Unknown 1.70 [1.25-2.93] <0.001 1.19 [0.85-1.66] 0.302

BSC, best supportive care; CI, confidence interval; CRT, chemoradiotherapy; F, female; HR, hazard ratio; M, male; Multimodal
treatment, combination of surgery, cytotoxic chemotherapy, and radiotherapy; NLR, neutrophil-to-lymphocyte ratio; Other, Surgery+
chemotherapy, surgery+radiotherapy, surgery alone, chemotherapy alone, or radiotherapy alone (regardless of the dose).

Jannin et al. Thyroid 2023.
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Hu S et al. Am J Otolaryngol 2017
Maniakas A et al. JAMA Oncol. 2020
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Pezzi TA et al. Cancer 2017.

Song et al. Gland Surg 2020.
Jannin A et al. Cancers 2022.

Jannin A et al. Thyroid 2023.

Strata = more 50 Gy ~+ less S0 Gy <= NoRT
1.00
0.751 p <0.0001
§ 050
o
0251
0.00 e
0 12 24 36 48 60 72
Time in months
Number at risk
& more S0Gy4 101 53 b % 1 10 5
B less50Gyq{ 9 2 2 2 2 1
0 NoRT1 119 7 4 1 0 0 0
0 12 24 36 48 60 72
Time in months
Radiotherapy* Total | Median OS (95%Cl) 12-Months 08
Dose >=50 Gy 101 14.3 (10.6-17.8) 55.5% (45.2%-64.7%)
Dose < 50 Gy 46 3.6 (2.8-6.7) 19.6% (9.7%-32.0%)
No RT 119 1.62 (1.2-2.1) 7.3% (3.4%-13.3%)

*29 ATC excluded because unknown dose of RT
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FIGURE 2 | Overall survival and cancer-specific survival curves after the inverse probability weighting: (A) overall survival and (B) cancer-specific survival.
radiotherapy plus chemotherapy; RT, radiotherapy alone.

3 6 9 12 15 18 21 24
Time (months)

RCT,

Subgroups

(s)HR (95% CI)

Overall Survival

— Non-surgical
Surgical
—) No distant metastasis

Distant metastasis
Overall

Cancer-specific Survival
Non-surgical

Surgical

No distant metastasis
Distant metastasis

Overall

0.67 (0.51-0.87)
0.66 (0.46-0.94)
0.60 (0.44-0.82)
0.60 (0.44-0.81)
0.69 (0.56-0.85)

0.67 (0.51-0.88)
0.89 (0.60-1.33)
0.60 (0.43-0.84)
0.71 (0.52-0.98)
0.77 (0.61-0.96)

RCT better RT better

{H

—_—

P-value

0.003
0.021
0.001
0.001
<0.001

0.004
0.581
0.003
0.039
0.018

FIGURE 3 | Forest plot of (sub distribution) hazard ratios of RCT versus RT within each subgroup by surgical resection and distant metastasis. sHR, subdistribution

hazard ratio; HR, hazard ratio.

Zhou et al. Front Endocrinol 2021
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Figure 3 OS of mATC patients according to (A) surgery at the primary site; (B) use of RT; and (C) use of CT. OS, overall survival; mATC,
metastatic anaplastic thyroid carcinoma; RT, radiotherapy; CT, chemotherapy.

A 100 —— -RT-CT B 100 —— Thyroidectomy + RT + CT
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>
g 204 5 20-
@ @
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Time from diagnosis date (months) Time from diagnosis date (months)

Figure 4 OS according to (A) different treatment approaches after thyroidectomy; and (B) thyroidectomy versus nonsurgical management
for mATC. OS, overall survival; mATC, metastatic anaplastic thyroid carcinoma.

Song et al. Gland Surg 2020
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Jannin A et al. Cancers 2022, 14, 1061.
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Dispatrities in
molecular diagnostics and novel treatments access
for ATC patients in Europe.

Locati LD et al. European Journal of Cancer 2023



2021 American Thyroid Association Guidelines

Bible KC et al. Thyroid 2021



2021 American Thyroid Association Guidelines
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