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When do guidelines recommend use of ctDNA testing? 

A. In patients with advanced lung cancer that require 
tumour genotyping

B. In all lung cancer patients that require genotyping

C. To monitor treatment response with preoperative 
therapy

D. All of the above



A patient with operable stage II adenocarcinoma (5 cm, N0, 
EGFR/ALK wt, PD-L1 50%) asks if she should pay for ctDNA 
testing before starting treatment. What do you recommend? 

A. Yes, but only post-op (MRD)

B. Yes, to assess her response to chemo-immunotherapy 
induction (pre- and post)

C. Yes – if she clears her ctDNA post treatment, she doesn’t 
need further therapy

D. No – more data are needed to prove clinical utility



Guidelines Recommend Biomarker Testing with Comprehensive 
NGS for All Patients With Advanced NSCLC1-4

Category 1 recommendations listed † Other recommended regimens include chemotherapy ± immunotherapy. ‡ Chemotherapy ± immunotherapy may be useful in certain circumstances. 

chemo, chemotherapy; DTX, docetaxel; Est freq, estimated frequency; mNSCLC, metastatic NSCLC; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death ligand 1; PS, 

performance status. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell Lung Cancer. V.5.2024. 

Stage 

IV 

NSCLC

1L Actionable 

mutation-positive

EGFR exon 19 del or 21 L858R

1L Actionable 

mutation-negative

Surgery

EGFR S7681, L861Q, G719X

ALK rearrangement

ROS1 rearrangement

BRAF V600E

NTRK 1/2/3 gene fusion

MET exon 14 skipping mutation

RET rearrangement

Osimertinib, erlotinib, afatinib, gefitinib

Afatinib, osimertinib

Alectinib, brigatinib, lorlatinib

Entrectinib, crizotinib, repotrectinib

Dabrafenib+trametinib,binimetinib+encorafenib†

Larotrectinib, entrectinib‡

Capmatinib, tepotinib

Selpercatinib, pralsetinib

I/O + chemo

I/O ± chemo

KRAS G12C

HER2+

No alteration

Sotorasib, adagrasib

Trastuzumab Deruxtecan

Chemo or DTX + ramucirumab

I/O + chemo

Non-targeted TherapyBiomarker

PD-L1: <1%

PD-L1: 1%-49%

PD-L1: ≥50%

Targeted Therapy

EGFR exon 20 insertions Amivantamab + platinum chemo



Precision Medicine has moved to Early Stage NSCLC

Unresectable 

Resectable

Ablative dose RT alone 

Many different treatment options now for patients based on resectability, staging and biomarker testing

Stage IB (>3cm) to IIIB with 
EGFR mutation 

Stage II (>4 cm) to IIIA with 

ALK fusion 

PD-L1 >1% stage IIA to IIIB

EGFR/ALK/ROS1 wild type 

PD-L1 <1% stage IIA to IIIB

EGFR/ALK/ROS1 wild type

Stage IIB–III- PD-L1 <1%

Stage IIB–III- PD-L1>1% 

Stage IA–IIA 

CRT → IO vs CRT alone

CRT → IO

Neoadjuvant chemo- IO followed by 
surgery ± adjuvant IO

Upfront surgery→ adjuvant 
chemotherapy → IO (?TPS)

Use of IO (neoadjuvant and/or adjuvant) in these patients may be controversial

For patients with resectable tumours, it is essential to determine 
whether driver alterations are present before deciding on neoadjuvant 

therapy, to avoid the use of IO in patients with EGFR mutations  
(risk of greater toxicity on subsequent TKI)Surgery alone 

Surgery →(?adjuvant chemotherapy) → alectinib x 2 years 

OR

Stage IA-IB without 
EGFRm

Surgery → adjuvant chemotherapy (>4cm) → osimertinib x 3 years

Stage III EGFR mutation CRT → osimertinib until 
progression



Integrating liquid biopsy into routine diagnostics will help more 

advanced lung cancer patients access optimal therapy 
U Penn: Advanced non-

squamous NSCLC patients 2019-

2020

Malapelle et al Mol Diagn 2021 Aggarwal et al. ASCO 2022 Annual Meeting, abstr9022

Up to 43% of patients may not have 

adequate samples for complete NGS 

testing

Integrating liquid biopsy into routine diagnostics will help more advanced 
lung cancer patients access optimal therapy 

U Penn: Advanced non-squamous 
NSCLC patients 2019-2020

Malapelle et al Mol Diagn 2021 Aggarwal et al. ASCO 2022 Annual Meeting, abstr9022

Up to 43% of patients may not have adequate 
samples for complete NGS testing



Impact of Upfront NGS Testing and Matched Therapy

Aggarwal et al. ASCO 2022 Annual Meeting, Abstr 9002; Olsen S et al. Curr Oncol 2022; 29:4811-4826

Real world analysis of advanced NSCLC 

patients

US INFORM ctDNA Database

U Penn: Advanced non-squamous 

NSCLC patients 2019-2020 N=326

N=216

N=  65

Median 

24.6 

months

Median 6.2 

months

Median OS 24 m

Median OS 6 m



Liquid Biopsy - an important tool for complete genotyping for patients with NSCLC
but does not replace a tissue diagnosis (IASLC, ESMO, ASCO, NCCN recommended)

Rolfo C et al.  J Thorac Oncol 2021; 16:1647-1662.

CAVEATS: limited sensitivity, including for copy number 

variations, fusions (RNA-based testing preferred)



NILE: cfDNA Noninferior to Tissue testing for Guideline-Recommended Biomarkers 

in Patients With Metastatic NSCLC

Number of Patients With an Identified Guideline-Recommended Biomarker by Testing Modality

12 48 29

cfDNATissue

• cfDNA noninferior to tissue testing (P<0.0001)

• cfDNA results available earlier (9 v 15 days)

• Complete genotyping in 95% with cfDNA versus 30% 

with tissue testing

• In patients with tissue NGS, 3/64 had alterations found 

on cfDNA and vice-versa
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N=282

67%

87%

33%

13%

If tissue first, 67% of alterations identified

If plasma first, 87% of alterations identified

aP value statistically significant for noninferiority. cfDNA, cell-free DNA; NSCLC, non-small cell lung cancer; QNS, quantity not sufficient. 

Leighl NB, et al. Clin Cancer Res. 2019;25(15):4691-4700.

N=282



What do the guidelines say?

Indication for ctDNA use ESMO1

2022

NCCN2-4

2023-4

IASLC5

2021

ASCO 

20226

2022 Asia 
Consensus

Validated, sensitive ctDNA assays can be used to 

genotype advanced NSCLC and other advanced cancers
✅ ✅ ✅ ✅ ✅

Initial genotyping with ctDNA assays should be 

considered when tissue is unavailable and/or rapid 

results are needed

✅ ✅ ✅ ✅ ✅

Validated ctDNA assays can be used in TKI resistance 

(NSCLC)
✅ ✅ ✅ ✅ ✅

Caveats – ctDNA assays limited by false negative results, 

lower sensitivity for fusions, copy number variants → if 

negative results, reflex to tissue testing

✅ ✅ ✅ ✅ ✅

Use of ctDNA/CTC assays to detect minimal residual 

disease, treatment monitoring not yet recommended
✗ ✗ ✗ ✗ ✗

1. Pascual J et al. Ann Oncol 2022; 33:750-768 ; 2. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell Lung Cancer. V.1.2024. 2. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) 

for Breast Cancer. V.5.2023; 3. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Colon Cancer . V.4.2023; 5. Rolfo C…Leighl NB et al. J Thorac Oncol 2021; 16:1647-1662.; 6. Chakravarty D et al. ASCO 

Provisional Clinical Opinion. J Clin Oncol 2022; 40:1231-1258; 7. Mitsudomi et al (2022) J Thorac Oncol https://doi.org/10.1016/j.jtho.2022.10.021

ESMO, NCCN recommended for treatment 

naïve pts with advanced NSCLC

NCCN recommends against ctDNA testing 

in Stage I-III NSCLC, other subtypes



VALUE: Complementary plasma and tissue testing in advanced nonsq NSCLC pts 
with <=10 pack year smoking history: more targeted therapy, better outcomes

LBx

EQ5D 

Liquid 

Biopsy

Results 

Treatment decision

Tissue profiling results

Turnaround time 

Treatment 

response

(RECIST 1.1) EQ5D 

Baseline ~ 7 days 6-12 weeks 12 weeks

Progression-free survival

Time to treatment failure

Costs & consequences

N=146

68%
53%

32%
47%

Liquid + Tissue
Testing

Tissue Testing
Targeted Therapy
Chemo-immunotherapy

Plasma TAT 7.4 

days (SD±1.4)

Tissue TAT 20.5 

days (SD±9.9)

Clinical outcomes – better PFS with TKI, better QoL without chemo 

 worse   QOL   better →

LBx: Liquid Biopsy; EQ5D: Euroqol-5L; TAT: turnaround time; CI: confidence interval. 

Hao D, et al…Leighl NB. J Thorac Oncol 2021; 16(Suppl 3): S689; Ezeife DA…Leighl NB. 

Ther Adv Med Oncol. 2022; Corke L…Leighl NB WCLC 2022. 



Complementary testing in VALUE: Increase in testing costs offset by greater use of 

more effective targeted therapy, and less use of ineffective chemo-immunotherapy 

Ezeife DA … Leighl NB. WCLC 2021 OA.06, abstract 830

Ezeife…. Leighl Ther Adv Med Oncol 2022

Doreen Ezeife



Can we ACCELERATE1 time to diagnosis and treatment?

Scans, Staging
Tissue Biopsy 
and Diagnosis

Molecular Diagnosis and Treatment

REFERRAL
to

Rapid 
Diagnostic 
Program

43-93 days

21-28+ days

Symptoms (cough, 

chest pain, 

shortness of breath, 

weight loss, tired…)

14-30 days 14-30+ days

Surgery

28-42 days

Time estimates based on internal data 2018-

2020

Lung RAMP= UHN Lung Rapid Assessment and Management Program 

Solution → Plasma NGS

Potentially save 1-2 months

Miguel Garcia

1) Garcia-Pardo et al WCLC2023 P01.22-04

2) Ellis & Vandermeer, J Thorac Dis. 2011

3) Menon et al., BMJ Open. 2019

“Average” time to treatment 124-138 days

(75th percentile 175-197 days)2,3 Kasia Czarnecka, Miguel Garcia



Plasma-first approach in patients with suspected advanced lung 
cancer reduces time to treatment by ~45% if actionable alteration

1. Thompson JC et al. JTO Clin Res Rep. 2022 Mar 8;3(4):100301; 2. Cui W et al. Lung Cancer. 2022 165:34-42; 3.  Garcia-Pardo M…Leighl NB. Ther Adv Med Oncol. 2022 Sep 

20;14:17588359221126151; 4. García-Pardo M…Leighl NB. JAMA Netw Open. 2023 Jul 3;6(7):e2325332; 5. Swalduz A et al. J Clin Oncol 41, 2023 (suppl 16; abstr 9019)
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Guibert et al Eur Resp Rev 2020; Ahn et al ESMO Asia 2022 

ADAURA: EGFR by ddPCR

Resectable?

EGFR/ALK (NGS) 

status?

Pathologic diagnosis 

and stage

MDT Discussion:

Pre-operative or 

surgery +/- adjuvant 

(PD-L1 +/- NGS) 

Start treatment

Moving to early stage… liquid biopsy not as sensitive



Emerging Approaches – Moving liquid biopsy closer to the tumour

ATOM: Beatriz Jiminez/Kasia Czarnecka; Zachary Coyne/Patrik Rogalla



Different types of ctDNA (MRD) assays for different indications

CAPP-Seq, cancer personalised profiling by deep sequencing; ctDNA, circulating tumour DNA; MRD, minimal residual disease

1. Newman A. Nat Biotechnol 2016;34:547–55; 2. Newman AM, et al. Nat Med 2014;20:548–54; 3. Chen H, et al. Oncol Rep 

2023;49:106; 4. Chan HT, et al. Front Oncol 2022;12:1055968; 5. Moding E, et al. Cancer Discov 2022;11:2968–2986

Tumour-informed2Tumour-naive1

• Genotyping with no knowledge of tumour 
mutations (“off the shelf”)3

• Faster, less expensive3

• Limit of detection ~0.1%4,5

• Tracking multiple known mutations 
(bespoke or personalised)3

• Requires tumour tissue, time, $$3

• Limit of detection ~0.01%5



Plasma ctDNA: a powerful prognostic marker in early (and late) stage cancer

(Data on over 1000 early stage lung cancer patients)

ctDNA detected 

Posttreatment

Never (n=17)

Ever (n=20)

Goldstraw P, et al. J Thorac Oncol. 2016;11(1):39-51. Peng M, et al. Front Oncol. 2020;10:561598; Chaudhuri AA, et al. Cancer Discov. 2017;7(12):1394-1403

Preoperative ctDNA levels in patients 

with stage I-III NSCLC (N=75)

Post-treatment ctDNA levels in patients 

with stage I-III NSCLC (N=40)
IASLC 8th edition TNM staging

11 prognostic groupings

I

II

III

I

V



Plasma ctDNA for treatment selection in early stage

Pellini B, Chaudhuri AA. J Clin Oncol. 2022 Feb 20;40(6):567-575.



IMpower-010: post-operative ctDNA prognostic but does not 
help select adjuvant therapy

Zhou C, et al. Oral presentation presented at ESMO IO 2021. 

Felip E, et al. Oral presentation presented at ESMO 2022. 
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19.3% 

ctDNA+

N=600

62% 

cleared 

ctDNA
Tumor informed assay

- more sensitive assays required to 

identify low risk patients

- better curative treatments needed for 

all patients 



@ASCO2024: ADAURA MRD analysis - ctDNA unable to 
identify population for de-escalation but associated with DFS

• 8% MRD post op; lead time to recurrence ~5 months

Tom John et al ASCO 2024



ctDNA Clearance with preoperative therapy - also prognostic

Trial pCR EFS OS

CM816 ++ HR 0.60
(95% CI 0.2-1.8)

NR

NADIM ++ HR 0.26
(95% CI 0.1-0.9)

HR 0.04
(95% CI 0-0.5)

AEGEAN +++ NR NR

Forde et al NEJM 2022; Provencio et al J Clin Oncol 2022; Heymach et al NEJM 2023

NADIM

D arm
pCR

PPV NPV

C2D1 50.0% 84.9%

C3D1 43.6% 97.1%

C4D1 40.5% 100.0%

PreSurgery 41.5% 100.0%

AEGEAN

NADIM



CheckMate 816: ctDNA clearance and EFS

CI, confidence interval; CL, clearance; CR, complete response; ctDNA, circulating tumour DNA; EFS, event-free survival; 

pCR, pathological CR. Forde PM, et al. N Engl J Med 2022;386:1973–85 (incl. suppl.)

ctDNA clearance was associated with pathologic 
CR and longer EFSThe use of ctDNA complements other surrogate endpoints such as pCR

EFS by pCR status EFS by ctDNA clearance



Ongoing and pending trials in early lung cancer 

ctDNA, circulating tumour DNA:
ClinicalTrials.gov. NCT04585477. Available at: https://classic.clinicaltrials.gov/ct2/show/NCT04585477 (accessed September 2023); 
ClinicalTrials.gov. NCT04585490. Available at: https://classic.clinicaltrials.gov/ct2/show/NCT04585490 (accessed September 2023); 
ClinicalTrials.gov. NCT04966663. Available at: https://classic.clinicaltrials.gov/ct2/show/ NCT04966663 (accessed September 2023); 
ClinicalTrials.gov. NCT05536505. Available at: https://classic.clinicaltrials.gov/ct2/show/ NCT05536505 (accessed September 2023)

Number Prior tx Stage N
ctDNA-positive

intervention
ctDNA-negative 

intervention
Phase

Primary 
endpoint

Site(s)

NCT04585477
Surgery or RT +/-

chemo
I–III 80 Durvalumab None II ctDNA change Stanford

NCT04585490
chemoRT + several 
cycles durvalumab

III 48
Durvalumab + 

platinum doublet 
chemotherapy

Durvalumab III ctDNA change Stanford

NCT04966663 Surgery I 66
Nivolumab + chemo 

vs 
no treatment

None II RCT RFS Toronto

NCT05536505 Surgery
I–III

EGFR mt
180 Icotinib None II DFS Guangdong

TBD Surgery
II

EGFR wt
1204

Adjuvant chemo vs 
no treatment

Adjuvant chemo vs. 
no treatment

III DFS
Gustave 

Roussy + EU + 
Toronto



ctDNA-Lung-DETECT: rate of ctDNA detection 

and outcomes for clinical stage I NSCLC
Sam Khan1, Jamie Feng1, Tom Waddell2, Kazuhiro Yasufuku2, Andrew Pierre2, Shaf Keshavjee2,

Jonathan Yeung2, Marcelo Cypel2, Laura Donahoe2, Elliot Wakeam2, Marc de Perrot2, Najib Safieddine3,

Michael Ko4, David Parente4, Mary Rabey1, Michael Cabanero4, Lisa Le5, Christodoulos Pipinikas6, Amber

Chevalier6, Natasha B. Leighl1

1 Division of Medical Oncology, Princess Margaret Cancer Centre, University Health Network (UHN), Toronto ON, Canada
2 Division of Thoracic Surgery, UHN, Toronto ON, Canada
3 Division of Thoracic Surgery, Michael Garron Hospital, Toronto ON, Canada
4 Division of Thoracic Surgery, St Joseph’s Health Centre, Toronto ON, Canada 
5 Department of Biostatistics, UHN, Toronto ON, Canada 
6 NeoGenomics, Babraham Research Campus, Cambridge, UK and Research Triangle Park, NC, USA

Sam Khan MRCP(UK) PhD, Princess Margaret Cancer Centre, Toronto



RaDaR® assay: up to 43 tumour specific variants were identified by whole exome sequencing with subsequent generation of an amplicon-based personalized ctDNA panel for each patient 

Multicentre investigator-initiated prospective study in Toronto, Canada

ctDNA-Lung-DETECT

NCT05254782



Patient demographics

*1 patient had stage 0 (adenocarcinoma in situ)

231 total patients screened

154 total patients remaining

151 total patients eligible

77 patients excluded

48 insufficient tissue

3 pending results

Characteristic Total population

(n=151)

Female n (%) 91 (60.3%)

Age median (range years) 71.0 (32.0 – 87.0)

Smoking status

n (%)

Never 53 (35.8%)

Smoker 95 (64.2%)

Pathology – adenocarcinoma 

n (%)

127 (84.1%)

PD-L1<1%

n (%)

70 (50.0%)

AJCC 8th edition 

stage

n (%)*

I 114 (75.5%)

II 24 (15.9%)

III/IV 12 (7.9%)
20.7% had insufficient tissue for tumour 

informed panel

24% of eligible patients upstaged at resection



Pre-operative

ctDNA results

n=151

Post-operative

ctDNA results 

(MRD)

n=151

1-year

Post-operative

ctDNA results

n=79*

34 Positive 116 Negative 1 Missed

2 Positive 1 

Positive

116 Negative32 Negative

1 Positive 0 Negative 3 Positive 15 Negative 1 Negative 2 Positive 57 Negative

*1 year results pending for 69; 3 withdrew; MRD: minimal residual disease

Clinical stage I: pre-op ctDNA detected 22.7% (34/150) 95% CI  [16.2, 30.2]

post-op ctDNA detected 2.0% (3/151) [0.4, 5.7] 

ctDNA detection in clinical stage I NSCLC (n= 151)

Pathologic stage I: pre-op ctDNA detected 14.0% (16/114) [8.2, 21.8]

post-op ctDNA detected 0% (0/114) [NA]

Occult 

N2 

Occult 

N2 



Median follow up 14.4 months 

(range 1.0- 39.0)

89.2%

73.2%

98.2%

87.1%

Pre-operative ctDNA detection and recurrence free survival (n= 129)

All eligible patients with at least 3 months of follow-up by 1 April 2024 were included in the recurrence free survival 

analysis

Median follow up 

14.4 months 

(range 1.0- 39.0)



• 10* patients have had cancer recurrence by 

data cut-off 

– Median time to recurrence: 13.9 months [range 

5.3- 24.9] 

– 5 of 31 patients with pre-operative ctDNA 

detected have recurred

– 4 of 97 patients without pre-operative ctDNA 

detected have recurred 

• 5 developed a new lung primary;             

median time 14.3 months [range 4.0- 17.5] 

• 3 developed new non-lung primary cancers 

• 4 patients have died (2 from recurrence, 2  

from new primary cancers – lung, sarcoma)

ctDNA detection, recurrence, new primaries and survival (n=129)

Data cut-off 1 April 2024; *1 patient with recurrence missed preoperative blood draw



ctDNA Detect 2.0

Real time ctDNA 
assessment using BOTH 
tumour informed and 
uninformed assays



ctDNA Lung Team

DOTS: Division of Thoracic Surgery

Michael Garron Hospital

Dr. Najib Safieddine, Site PI (right) and team

Dr. Tom Waddell, Surgical PI and team

St. Joseph’s Health Centre – Unity Health

Dr. Michael Ko, Site PI (left) and team

Lisa Le, 

Statistician

Alex Salvarrey, 

CRC

Aarya Gore, 

CRC
Linda 

Karnay, 

CRC

Princess Margaret Health Centre/University Health Network

Dr. Jamie 

Feng, 

Fellow

Dr. Sam Khan,

Fellow

Mary 

Rabey, PM

Jennifer 

Law, PM

Jennifer Lister

Biobank

Pathology, 

Radiology at all 3 

sites



Illustration adapted from Seijo et al. J Thorac Oncol 2019

Liquid biopsy and Lung Cancer Screening
Methylation assays

Fragmentomics

Non-cancer colon

cfDNA fragment

Non-cancer lung

cfDNA fragment
Colon cancer

cfDNA fragment

Red blood

cell

Targeted

bisulfite

sequencing

+

Classifier

Tissue of origin

prediction

Methylation

database

Cancer?

Y/N

Tissue-specific

methylation ‘fingerprints’

Non-cancer liver

cfDNA fragment

Different tissues in the

body have unique methylation patterns.

GRAIL has developed a large database of 

these patterns in both individuals with and 

without cancer

1

A machine-learning classifier determines whether cancer is present or absent. If cancer is detected, 

methylation fingerprints are matched to a database (Step 1) to predict the location of the cancer

6

cfDNA fragments from tumour cells have different methylation patterns 

from cfDNA fragments from cells without cancer

3

cfDNA fragments are sequenced and analysed

5

All cells shed DNA fragments into the blood. The methylation patterns in these cfDNA fragments reflect their tissue 

of origin

2

Lung

Liver

Colon

cfDNA fragments are isolated 

from a blood sample

4



Do we still need tissue? In 2024 yes but…

• (with no offense to our pathology colleagues…)



Cancer Patient journey with potential questions 

Which targeted
treatment?

Did we get it all?
Is it coming back?

?
Do I have 
Cancer?

Therapy SelectionRecurrence MonitoringScreening

Early Detection Residual Disease Advanced Stage

Can blood based tests answer all these questions ?

Not yet Not yet but soon YES



When do guidelines recommend use of ctDNA testing? 

A. In patients with advanced lung cancer that require 
tumour genotyping

B. In all lung cancer patients that require genotyping

C. To monitor treatment response with preoperative 
therapy

D. All of the above



A patient with operable stage II adenocarcinoma (5 cm, N0, 
EGFR/ALK wt, PD-L1 50%) asks if she should pay for ctDNA 
testing before starting treatment. What do you recommend? 

A. Yes, but only post-op (MRD)

B. Yes, to assess her response to chemo-immunotherapy 
induction (pre- and post)

C. Yes – if she clears her ctDNA post treatment, she doesn’t 
need further therapy

D. No – more data are needed to prove clinical utility



Key Take Aways

• Plasma genotyping is key for patients with advanced lung cancer and should be incorporated 

earlier in the lung cancer diagnostic pathway 

• If plasma testing identifies actionable alterations → treat; if not, reflex to tissue testing

• Tissue still required for diagnosis, histology, immune markers (PD-L1…) 

• Screening, MRD and ctDNA monitoring not ready for prime time yet but more to come

• MRD is a rapidly emerging biomarker in early and late stage tumors

• ctDNA strongly prognostic at all timepoints

• ctDNA clearance with treatment also prognostic and we must learn to use this wisely

• More trials are needed to prospectively test interventions based on ctDNA results

• Next generation assays needed to improve sensitivity to decrease false negative rate 


