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Agenda: can we detect ? Does it change management?
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Pascual et al, ESMO guidelines on Ct DNA, 2022
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Review

Where Does Liquid Biopsy Add Value in Thyroid Cancer?

Biological Rationale, Technological Innovation, and

Clinical Utility

Maria Alonso-Chamorro ', Ainhoa Palacios Mejorada 1 and Garcilaso Riesco-Eizaguirre 1/2*

2

*

Molecular Endocrinology Group, Faculty of Medicine, Universidad Francisco de Vitoria, 28223 Madrid, Spain;

m.alonso.] .es (M.A.-C.); ainhoa.palaci v.es (A.PM.)
Deg of Endocrinology & Nutrition, Hospital Universitario de Mdstoles, 28935 Madrid, Spain
Corresp griesco @
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(ISOLATION)
f e 7j — \y
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Tissue DNA and plasma DNA can both be used to determine the tumour's molecular profile.

Tumour tissue

Primary tumour 2 main techniques:

dPCR : Higher Se but simplex
&

NGS panel: lower Se but more

comprehensive

]

CTC: circulating cancer cell; ctDNA: circulating tumour DNA

adapted from Scherer, F. (2020) in Recent Results in Cancer Research: Tumor Liquid Biopsies. Springer.

It is the “gold standard”

tDNA comes from a limited area

(no spatial or temporal heterogeneity)
Multi-step process

Pathology + molecular turnaround: >2 weeks

Blood/plasma is a source of cell-free DNA (cfDNA), part of which comes from
tumour cells (ctDNA).

The amount of ctDNA is related to tumour size and tumour cell activity.
(heterogeneous origin)

Sampling is less invasive, simpler and faster

Sampling + molecular turnaround: 1-2 weeks

The biological sensitivity depends on the situation (# analytical sensitivity)
e Not all tumours shed DNA equally

* Low in localised stages (20%) // response vs progression

e Approx. 50-90% in metastatic tumours (depending on primary site)

*  Specificity ~100% (but CHIP / subclones / etc.)

Courtesy of Dr Ludovic Lacroix, molecular biologist
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Liquid Biopsy for genotyping: ESMO guidelines

Table 2. Tumour-specific table for advanced cancer genotyping
Tumour type Indications ESCAT tier and level of Recommendation
evidence
Thyroid cancer BRAF mutations +TMB & e ctDNA testing if tissue not available.
RET mutations MSI |plesias
NTRK 1/2/3 fusions Ic*

* Collection of LB for genotyping should be done when cancer is progressing, either treatment
naive or after prior lines of therapy. Samples collected when a tumour is responding to therapy =
decreased sensitivity.

» The choice between RT-PCR, digital PCR and NGS assays in a clinical practice setting should be
defined by availability, reimbursement status and the actionable genetic aberrations in a
tumour-specific context.

* A negative LB should prompt reflex tissue testing.

» ctDNA assays have lower sensitivity for fusions and copy number events [ | Tissue prefered,

» All oncology physicians should have access to a molecular tumour board, to ensure correct
interpretation of results, and for discussion of difficult cases to ensure appropriate decisions are made.

Pascual et al, ESMO guidelines on Ct DNA, 2022
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BRAF, RET, Fusions, TMB, MSI : which molecular biology technique?

BRAF IHC/qPCR/dPCR

Tissue suitable

Alteration m Simplex methods Small/large panel Comprehensive Gene Panel Wli:/GV:TS

mutation p.vV600

qPCR/dPCR
Plasma p.V600

RET Tissue (little value except suitable
mutation p.M918T)
(little value except

Plasma p.M918T)
RET/ALK/NTRK . FISH/qPCR/dPCR .
fusions Tissue (IHC-ALK) suitable

. IHC MMR .

Plasma [ R Possible DNAseq © DNAseqloD<1%TF>10% [l
VB Tissve [T N R suitable/DNAseq | suitable

Plasma [T T DnAseqloD<1%TR>10% TR

Courtesy of Dr Ludovic Lacroix, molecular biologist
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Liquid biopsy: Genotyping without Tissue at Gustave Roussy

Gustave Roussy — Roche FMI partnership
Internalisation of FMI technology at GR
=> Went into production on 27 June 2024

324 genes:
AViSREPM PREANALYTIQUE SI.\IV/C.NV/FUSIO.N.S/MSI/TM B./TF
GUSTAVE/ Biological and clinical annotation databases
Prélevement  Réception ANALYTIQUE BQO}_INSS/Y\ Turnaround < 15 days (98%)
GUSTAVE/ J1 : Préparation
ROUSSY

gotmcnm  f\ cfDNA =
J2 : Préparation E ]
CR Biologique Librairie s

J3-4 : Capture

Analyses GR Analysesdes  Transfert des J4: Séquencgage
des données données données
Génération
GUSTAVE/
RO uss/v\ rapport FMI POSTANALYTIQUE

Ga FOUNDATION
MEDICINE

¢ Technology choice for reagents/process/bioinformatics = FMI partnership

Gustave Roussy team

Integrated within GR's Department of Medical Biology and Pathology, in the Tumour Genetics Unit — Dr E. Rouleau.

Compliant with French Public Health Code (CdSP) regulations — 1SO15189-COFRAC accreditation / hospital environment

GUSTAVE/
ROUSSY

acmowrs [\

Data reviewed by medical biologists: interpretation and medical report.
*  Reports discussed at the MTB (VUS, polyclonal resistance, CHIP, oncogenetics referral, variants to verify)

Opportunity for clinical and translational research
Testing available for the whole of France. Courtesy of Dr Ludovic Lacroix, molecular biologist
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Liquid biopsy: Genotyping without Tissue Thyroid Cancer

Gustave Roussy experience on Liquid Biopsy (FMI Liquid) in thyroid cancers

39.5 % 86 % 88 %

DTC MTC ATC

Related to higher aggressivity and Proportion of pqtients W_ith_RE_Ti Proportion of ATC patients at
tumor burdden mutation of resistance in liquid baseline with at least 1 mutation
Biopsy
Moneta et al, ETA 2024, in revision Hadoux et al, JCO PO 2023 Succi et al, ETA 2024
Comparison of clinicopathological features of 42 patients L. . . . .
with mutations present in tissue found or not in LB » Liquid biopsy is very useful and less invasive to capture molecular
Primary tumour in site _p:o.on . .
n— _ p=0.004 alterations and tumor heterogenity
ggressive histologic subtype || G
3 p=0.013 . .. .
Progressive discase . | —— « The higher the aggressivity and tumor burdden, the higher the
Under systemic treatment _p_o'sas
Lesions = 1cm | e chance to get a result
Sites of disease > 1 0000 L. .
0% 20%  40%  60%  80%  100% ") Main issue: no tissue GUSTAVE/
® Mutation present in the tissue not found (N=31) ® Concordant tissue and LB profile (N=11) R 0 U S Sy

PARIS CANCER CAMPUS/ \
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Detecting BRAF mutation with ctDNA
Low Se, High Sp in DTC / High Se & Sp in ATC

ATC — 4 studies

DTC - metanalysis
BRAF V600E: tissue-plasma concordance, sensitivity,

i o g
Study Events Total Proportion 95%-Cl 120 SPeCIﬁClty (%)
Pupilli, et al. 2013 1M 12 | ——— 0.917 [0.615; 0.998]
Chuang, et al. 2010 3 5 — = 0.600 [0.147;0.947]
Khatami, et al. 2020 33 39 P —E— 0.846 [0.695; 0.941]
Kim, etal. 2015 3 49 B ; 0.061 [0.013; 0.169] 100
Lubitz, et al. 2016 21 30 ——E— 0.700 [0.506; 0.853]
Almubarak, et al. 2016 12 14 — 0.857 [0.572;0.982]
Patel, et al. 2021 5 15 —@B—— 0.333 [0.118; 0.616]
Jensen, et al. 2020 24 57 —— 0.421 [0.291; 0.559] 80
Sato, et al. 2021 5 16 —@&— 0.312 [0.110; 0.587]
Li, et al. 2019 16 26 —_— 0.615 [0.406; 0.798]
Gouda, et al. 2022 10 21 —a— 0.476 [0.257;0.702]

; 60
Random effects model 284 S — .
Heterogeneity: 1 = 83%, t* = 1.6092, p < 0.01 Se 0558 [0357,0742]

02 04 06 08
40

Study Events Total Proportion 95%-Cl
Pupilli, et al. 2013 7 10 —a— 0.700 [0.376; 0.900] 20
Chuang, et al. 2010 9 10 — 0.947 [0.511;0.997]
Khatami, et al. 2020 18 18 —a 0.973 [0.684; 0.998]
Kim, et al. 2015 23 24 — 0.979 [0.736; 0.999]
Lubitz, et al. 2016 18 18 —_— 0.973 [0.684; 0.998] 0
Almubarak, et al. 2016 18 20 — 0.900 [0.676; 0.975]
Patel, et al. 2021 3 5 —_— 0.600 [0.200; 0.900] lyer 2018 (ddPCR) Qin 2021 (NGS) Colombo 2026 Yeh 2025 (NGS)
Jensen, et al. 2020 0o 1 : 0.500 [0.019; 0.981] (ddPCR)
Sato, et al. 2021 6 6 _ 0.923 [0.401; 0.995]
Li, et al. 2019 30 33 —- 0.909 [0.753; 0.970]
Gouda, et al. 2022 4 5 - 0.800 [0.309; 0.973] [l Concordance [l Sensitivity [l Specificity

<+
5323;2:3;75?&29 zlz =0.0895, p1 z%.zs S P 0.907 [O .844 ; 0. 946]

) lyer et al. JCO Precis Oncol 2018; Qin et al. Thyroid 2021;
Zeyghami et al, ERC 2023 Colombo et al. Endocrine 2026; Yeh et al. NPJ Precis Oncol 2025
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Liquid biopsy in the pre-operative setting: Not useful?...

MTC - CtDNA DTC - CTC
Monocentric study Pisa * N= 210 pts tested for CTC before surgery
« N= 26 pts pre-op * 93% specificity for high-risk nodal disease (=2 CTC/4 mL)
* 4/26 (15.4%) pre-op ctDNA + R .
« mean VAF=1.9% (range, 0.6%-3.8%) - A
A . 404 100 el wmmm s —— CTC =0
» Correlated to Calcitonin! . . ~cTeat
5 ) “ﬁ; -_; § - 0 oHR=0.341 h:(ZS:C(:j}:;é:AO),P=0;:93
— —— o B
Nm(':z%r; )nsk Izlllg: :I;;( 100 ¢ : g:g : (1)
v ™ Maybe interesting: =
s * 25% high risk with 0 CTC o 102050 O e 0 -4
c «  25% non high risk with CTC Vo foeconde)
1 Would CTC help refine risk classification?

det undet

Ciampi et al, JCEM 2022 Jiang et al, Clin Canc Res 2026
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Liquid biopsy for surveillance: Our old school markers still the best and cheapest

“Currently the only blood-based biomarkers used in thyroid cancer monitoring are thyroglobulin for DTC, and
calcitonin and CEA for MTC.”

Ruz-Caracuel et al, SEAP-GETNE consensus 2026

R,”°”33°e{“"l Area of interest for liquid biopsy:
= s

PatientF-)spe
Positive in 2

* Post lobectomy

C
100%- 100

« TgAb interference [] biochemical incomplete response
40% =

. Dedifferentiation (low Tg)

20% =

S )
] . ! . ! Serial tumor-informed liquid biopsy may complement standard thyroid cancer surveillance by adding molecular |
Structural Biochemical Indeterminate Excellent information to thyroglobulin and imaging I

incomplete (6/6) incomplete (1/3) (1/4) (2/21)

0% -

Adapted from Mota DiasThomaz D et al. Eur Thyroid J 2026 Mota DiasThomaz D et al. ETA congress 2026
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Liquid biopsy for surveillance: Calcitonin for MTC; what about ATC?

MTC - CtDNA post op ATC — CtDNA Follow-up
100% =D
A2 1000 P=0.001 n=s & :
- o 0% ‘ MD Anderson monocentric
z 20% ATC
S 80% n=13 n=25
& 0% . - n=45 baseline / n=31
E} 400+ 70% 6%
&} n=4
2004
60%
" o Recurrence
det undet 50% detection (n=60)
40% Sensitivity 77%
e 1500 P=NS T
= LU 53% ege o
o n=3 Specificity 100%
&)
g,,‘““‘ - PPV 100%
:c’ 10%
= 5001 NPV 92%
0%
Recurrence Treatment Reponse
0- Monitoring Monitoring
(n =65) (n=72)

det undet

True negative False negative
® True positive Indeterminate

Ciampi et al, JCEM 2022 Hamidi et al, JCO PO 2025
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Clinical case: Resistance induce molecular

and clinical heterogeneity

67 year-old male, BMI 40 kg/m?
High grade MTC (ki67 10%),

Metastatic to the lung, liver & lymph nodes
L1 Vandetanib Nov 2015 — June 2019 RECIST -20%
L2 Cabozantinib sep 2019 — Nov 2020, RECIST -18%

March 2025
L3 RET selective inh BOS 172738 - dec 2020 — dec 2022, SD 4

v
N

No resistance mutation on liquid biopsy

L4 Selpercatinib jan 2023 — March 2025: calcitonin raise from 2000

to 5500 pg/ml (1 Dissociated progression

0 Liquid biopsy Jan 2025: TMB low: 1.26 Mut/Mb
* RET - p.(Ala883Phe) - FA 0.36%

e TP53-p.(Arg110Pro) - FA 0.15% = Aggressiveness mutation
e PPP1CB::ALK - fusion - FA 0.09% = Bypass resistance alteration

L5: Brain stereotactic RT and then Brigatinib + selpercatinib: objective response
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RETi Resistance: 25% on target & 75% bypass

Capture by liquid biopsy

On-target RET
@7%)
Unknown
(41%)
MTC
(n=44)

RET + Bypass
(16%)

nTC

N (%)

Resistance mechanism 26 (59)

Unknown/No shedding” 18 (41)

On-target 19 (43)
RET Solvent Front G810C/S/R 16
RET V804M/L** 8
RET V804M/L** and G810C/S 5

Bypass 14 (32)
BRAFV600E/Amplification 2
KRAS G12D/R 4
MET Amplification 2
NTRK1 fusion 1
Other*** 2

*patients with no oncogenic alterations detected at|

**1 NSCLC and 1 MTC patient acquired RET V804had clonal expansion of
on-target RET alterations; 3 MTC patients acquired cquired on-target RET ¢
**EGFR/MYC amplification, FGFR2 N82S/ P253L/ation, KRAS Q61H, PIK

Data from the LIBRETTO 001 phase [ trial
Solomon et al, ESMO 2024

Post-RETi (n = 14)

Pre-RETi (n = 44)

oo | NNNNENNERNNNNNARRRRNRNNRNANRENN NNNRNUNEAR -~ DNADNRNAREEEND -~
5% I I IF1 I 7%

NI
5% I I VHL I %
2% I CDK4 0%

2% I TERT I

7%
0% KRAS III II I 43%
| ™%

0% HRAS
0% NRAS I 7%
0% BRAF I 7%
0% FGFR2 I 14%
0% ALK I 7%
0% MYCN I 7%
0% P53 I II II 36%
0% RB1 I 14%
TNOTOOrROR R8T NRILeRRISNRRRBSRIBSRITLILES Rt el S T T A
crows NENENENEENNEEENNENENNEN L] BN Grow
reri IENEENENE NSNS EE NS EEEEEENEENEEEEEN || e
e [l NENEEE HN BN EEEENENNNNNNNENEE B EEER [ Panel
Resistance HEE  DEN Resistance
® Missense mutation = Splice site Group RETi Panel Resistance
Inframe deletion = Multi hit = RETi discontinued  ® Selpercatinib @ WES = HSA = G360 = Solvent front
= Inframe insertion Fusion = RETi ongoing u Investigational ® lonAmp = FiLiquidCDx » Sentosa # Hinge region
. ion  m ift insertion = Pralsetinib = FICDx MOSCATO = United Kingdom ® Bypass

None

Gustave Roussy case series, Hadoux et al, JCO PO 2023



Ki67 Index

80

60

I
=}

20

Ki67 Index According to Treatment Time Points
Treatment time point @] " A b TR
3 7.5 ; ¢ fu P
# Baseline —
 Post-MKUPre-RETi 4 L S \7
# Post-RETi . ’ s
v
P !
HES 7 2% ¥ . Kie7
.
- <
. . . EiS3es Car Mo o ¢ >
Baseline Post-MKI/Pre-RETi Post-RETi -~ % .
ost RETI &8 Calcitonin

Treatment Time Point

In some patients, IMTCGS grade increase upon progression under RETi

High grade MTC

Low grade Selective RETi
MTC

Hadoux et al, JCO PO 2023
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Tumor tissue is necessary for prot biomarker (ADC, bi Spe, etc...)
Ex: DLL 3 targeting in MTC

Tarlatamab in MTC: case report

A

Delta-like ligand 3 (DLL3, inhibitory Notch ligand) expression is o o

correlated to IMTCGS grade and advanced stage i w
é 40000 . o
E 30000 5 §
225 15 ‘5'
Tarlatamab engages endogenous 20000 1 =

T cells and NEPC cells T-coll

b oliferatio
Tarlatamab & :  proliferation

B o © T-cell
HLE BITE® molecule N ¢ activation 0
? ° © D-127 D-68 c1p1 CiD8 C1D15 cap1 C2D15 €3D1 C4D15 C5D15
Ant-CD3 ° .' £ ﬁ - ~e-Calcitonin 4-CEA
5 ®

&% - ..:l‘i cos

Anti-DLL3

A) Pre-treatment DOTATATE PET A) Restaging DOTATATE PET after 2 cycles of tarlatama

Serial lysis
of NEPC
cells

N

Fc domain
(to extend half-ife)

CD, cluster of differentiation; DLL3, delta-fike ligand 3;
Fc, fragment crystalizable domain; HLE BITE, half-ife
extended bispecific T-cell engager; NEPC, neuroendocrine
prostate cancer.

Tumor cell
apoptosis

Tarlatamab

Bi specific Ab Anti CD3/anti DLL3

Roberts et al, Thyroid 2026
Ruz-Caracuel et al, Endocrine Pathology 2025 1 TARMAC Phase ll trial to be launched in Europe
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Clonal hematopoiesis detection in LB: false positive, really?

Gustave Roussy monocentric study
N= 33 liquid biopsies

s I NI
moooEE
o EEm
KRAS | ]
FGFR2 | |
PDGFRA | |
PIK3CA | |
PTEN || =D
axr [l

TERT promoter

P53 O FEE Em = l. m H EEm

ez [l = ]
MEN1 | |
I H B |

x
)
x

1 1

Genome
o B
: !

® Missense_Mutaton = Frame_Sh_Del LiquidSampling SoldVSLiquid Driver BRAFIHC  Targeted_therapy
* Splice_Sie In_Frame_Del = Baseine = Concordant = BRAF = PTEN = Negstve  ® Dabralame
» Nonsense_Mutation ® In_Frame_lns * Dusing Treatment ® Discordant ® NFI = RAS NotDone None

Promoter Fusion = Post Treatment = oher = RET = Postwe = Seipercatiny
u Frame_Shf_ins . Mai_Ht * Tiptamd

Succi M et al, ETA 2024

BRAF_IHC
Targeted_therapy

MSKCC translational study

e
# ~— No CH (N=56) ® —— No CH (N=56)
=} = CH non-PD (N=20) =} = DNMT3A CH-PD (N=9)
< CH-PD (N=13) —— TET2CH-PD (N=4)
Z = Z =
g R 8 ®
3 o
a ® g =
g 2 g B
g 2 g F
« o o« Pl
& 8
R R
e T T T T T 1 5] T T T T T 1
0 6 12 18 24 30 0 3 12 18 2 30
Months from Blood Draw Months from Blood Draw
At-risk 40 33 19 15 1 9 At-risk 40 33 19 15 1 9
1 5 0 0 ) 6 2 0 0 0 0
8 5 2 1 1 1 3 0 0 0 0 0
1. Enrichment 2. Increased
of TET2-mutant secretion of

macrophages TGFB ligands

-
S

TGFB1/2/3i

4. Restoration of
sensitivity to
BRAFi and MEKi

3. Resistance to
BRAFi and MEKi

® ’ ° :& Wild-type TME i . *TEW mutant TME *mmc cells .+ Cytokines

Tiedje V et al, BioRxiv 2024
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Thyroid guidelines 2025-2026: tissue first, plasma when tissue fails, monitoring
still research

ATA 2025 (DTC) Surgical or core biopsy preferred; ctDNA if biopsy impossible (weak, low evidence)

European consensus 2025 ctDNA data preliminary; applicable mainly with high tumor burden

ESMO ctDNA 2022 Genotyping acceptable with validated assays; monitoring and resistance = research

SEAP-GETNE 2026 “Currently the only blood-based biomarkers used in thyroid cancer monitoring are
thyroglobulin for DTC, and calcitonin and CEA for MTC.”

Open questions:

e Whatis the cost effectiveness?
* How to deal with ChiP?

Design of clinical trials will be a challenge to implement this into follow-up/surveillance strategies

Ringel Thyroid 2025; Ryska Eur Thyroid J 2025; Pascual Ann Oncol 2022; Ruz-Caracuel Rev Esp Patol 2026
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