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Biomarker Testing Demands and Targeted Therapy Options 
for Lung Adenocarcinoma Continue to Expand1

Target Approved Drugs

EGFR 
(common mutations)

Gefitinib, erlotinib, afatinib, 
dacomitinib, osimertinib, 
erlotinib/ramucirumab

EGFR 
(exon 20) Amivantamab, mobocertinib

ALK Crizotinib, ceritinib, alectinib,
brigatinib, lorlatinib

ROS1 Crizotinib, entrectinib

RET Selpercatinib, pralsetinib

NTRK1/2/3 Larotrectinib, entrectinib

BRAF V600E Dabrafenib + trametinib

MET exon 14 Capmatinib, tepotinib

KRAS G12C Sotorasib

No mutation 1.2%

UMD 12.0%

Other drivers 2.9%

PTEN loss 0.7%
CDKN2A loss 1.9%

BRAF (non-V600E) 1.3%

NF1 loss 1.9%

KRAS 25.3%

FGFR1/2 0.7%

NRAS 1.2%
PIK3CA 2.0%

MAP2K1 0.7%ERBB2 mut 2.3%

TSC1/2 loss 0.7%

BRCA1/2 loss 1.3%

ERBB2 amp 1.4%

MET amp 1.4%

MET splice 3%

BRAF V600E 2.1%

RET fusion 1.7%

ROS1 fusion 2.6%

ALK fusion 3.8%

EGFR WT amp 1.0%

EGFR exon 20 2.1%

EGFR T790M 5.5%

EGFR sensitizing 19.4%

1. Jordan et al. Cancer Discov. 2017;7:596-609.



Methods
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Patient Characteristics
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NGS testing rates over time for the overall population
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Patient 
unaware of 

testing

• Issue with tissue 
acquisition

• Pre-analytics/Tissue 
handling

• Biomarker testing 
not prescribed

• Multiplex testing not 
performed

• Comprehensive platform not 
used

• Long turnaround time

• Result not interpreted 
correctly

• Treatment started before 
test results received

• Patient not told results
• Patient receives 

incorrect treatment

Progression or recurrence

Incorrect treatment prescribed

Patient

HCP

Diagnostic Lab

Payer

PAIN POINTS IN THE JOURNEY (ADVANCED-STAGE NONSQUAMOUS NCSLC)

• Issue with tissue 
acquisition

• Preanalytics
• Biomarker testing not 

prescribed

• Result not interpreted 
correctly

• Treatment started before test 
results received

Suspected 
advanced-stage lung cancer

Patient 
unaware that 
testing may 
be required

Test not reimbursed Drug not reimbursed Test not 
reimbursed

Drug not 
reimbursed

• Multiplex testing not 
performed

• Comprehensive platform 
not used

• Long turnaround time



Plasma ctDNA “Liquid Biopsies”: Rationale and Methods1

1. Diaz LA Jr, Bardelli A. J Clin Oncol. 2014;32:579-586.



Technologies for Detection of ct-DNA



LIQUID BIOPSY 
in NSCLC

Early diagnosis
Prognostic 
information

Real-time
monitoring of disease

(targeted and IO)

Identification of
resistance mechanisms

Advanced stage 
genotyping

MRD

Liquid Biopsy: Clinical Application

Rolfo, Castiglia M et al. Biochim Biophys Acta. 2014;1846(2):539-46.
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High PPV for NGS Panel1

1. Zill OA et al. J Clin Oncol. 2016;34(suppl 18). Abstract LBA11501.



Clinical Implications of Plasma ctDNA Testing
in Metastatic NSCLC1

a Patients were either enrolled at time of initial diagnosis or at disease progression.
1. Aggarwal C et al. JAMA Oncol. 2019;5:173-180.



NILE Study

Leighl N et al. AACR 2019. Abstract 4460. 



NILE Study 

Leighl N et al. AACR 2019. Abstract 4460. 



Rolfo et al, JTO 2021 Oct;16(10):1647-1662

Patients with Advanced Treatment-naive NSCLC



Is this cost effective? 



Is this cost effective? 



BID = twice daily; cfDNA = circulating free tumour DNA
ECOG PS = Eastern Cooperative Oncology Group performance status
FMI = Foundation Medicine Inc.; IV = intravenous administration; PD = progressive disease
PO = oral administration; q3w = every 3 weeks

Sample (+) 
for BFAST 
alteration

Enrollment complete 

Closed

Alectinib 600 mg PO BID until PD
(n=78 planned; 87 actual)ALK+

Alectinib PO at 900, 1200, 
or 750 mg BID until PD

(n=50–62 planned; 8 actual)
RET+

Atezolizumab 1200 mg IV q3w
until PD or loss of clinical benefit

bTMB+ Randomised 1:1, n=440

Platinum-based chemotherapy
for 4 or 6 cycles

Entrectinib 600 mg PO daily until PD
(n=50)ROS1+

*All cohorts have additional, 
treatment-specific 
inclusion/exclusion criteria 

Blood sent to FMI 
for cfDNA testing

Screening 
inclusion/exclusion 

criteria*

• Age > 18 years
• Unresectable, stage 

IIIB or IV NSCLC
• Measurable disease
• Treatment naïve
• ECOG PS 0–2

Real World Data Cohort

Other investigative agents or marketed 
therapies

Future 
cohorts

Patients not enrolled in treatment 
cohorts

NCT03178552

Study Design: BFAST



cfDNA: A Complex Biospecimen

Bauml J et al. Clin Cancer Res. 2018;24(18):4352-4354. 



Special considerations
Sensitivities and Improving Pretest Probability  

Abbosh C et al. Nature. 2017;545:446-451; Sacher AG et al. JAMA Oncol. 2016;1;2(8):1014-22; Chen CL et al. Sci Rep. 2016;6:21471. 

Tumor size Tumor featuresMetastatic burden

GGO 10x lower DNA concentration



Special Considerations: Germline



Liquid Biopsy: Clinical Application

LIQUID BIOPSY 
in NSCLC

Early diagnosis
Prognostic 
information

Real-time
monitoring of disease

(targeted + IO)

Identification of 
resistance mechanisms

Advanced stage 
genotyping

MRD

Rolfo, Castiglia M et al. Biochim Biophys Acta. 2014;1846(2):539-46



FAST RESPONDERS

SLOW RESPONDERS

Marchetti A et al. J Thorac Oncol . 2015;10(10):1437-43.



FAST RESPONDERS

SLOW RESPONDERS

Mean % of Tumor 
Shrinkage: 60%

Mean % of Tumor 
Shrinkage: 18%

Marchetti A et al. J Thorac Oncol . 2015;10(10):1437-43.
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Abstract 9019: FLAURA plasma samples: [Platform: ddPCR; clearance]

*Clearance refers to undetectable plasma EGFR mutations, where they were detectable at baseline, using ddPCR
CI, confidence interval; EGFR, epidermal growth factor receptor; EGFRm, EGFR-TKI sensitizing mutations (ex19del or L858R); EGFR-TKI; EGFR-tyrosine kinase inhibitor; HR, hazard 
ratio; mPFS, median progression-free survival

a) Clearance of plasma EGFRm at week 3 b) Clearance of plasma EGFRm at week 6
Detectable EGFRm

(n=126)
Non-detectable 
EGFRm (n=208)

Events,n (maturity,%) 99 
(79)

128 
(62)

mPFS, months (95% CI) 9.5 
(7.0, 10.9)

13.5 
(11.1, 15.2)

HR (95% CI);
p value

0.57 (0.4, 0.7) 
p<0.0001

ORR, % (95% CI) 78 (69.5, 84.7) 87 (81.7, 91.3)

Detectable EGFRm
(n=70)

Non-detectable 
EGFRm (n=258)

Events,n (maturity,%) 57
(81)

165 
(64)

mPFS, months (95% CI) 8.2 
(6.8, 10.9)

13.5 
(11.1, 15.2)

HR (95% CI);
p value

0.51 (0.4, 0.7) 
p<0.0001

ORR, % (95% CI) 73 (60.9, 82.8) 88 (83.4, 91.7)
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Thompson JC et al. JCO Precis Oncol. 2021;5:510-524..

Serial Monitoring of ctDNA as a 
Biomarker of Response to Pembrolizumab-based Treatment 



Differentially abundant TCR clones at responsectDNA trends of intratumoral variants
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Anagnostou V et al. Cancer Res. 2019;79(6):1214-1225.. 



Moving Forward: Early Assessment 

Driver Mutation 
Positive 

Treatment with targeted 
therapy

Chemotherapy + TKI

Continuation of TKI 
until RECIST 1.1 

No 
drop 

ctDNA

Does early intervention 
based on ctDNA dynamics 
translate into improved 

outcomes?



Moving Forward: Early Assessment 

No 
drop 

ctDNA

Does early intervention 
based on ctDNA dynamics 
translate into improved 

outcomes?

PL-L1 > 50% Treatment with 
immunotherapy

Chemotherapy + IO

Continuation of IO until 
RECIST 1.1 



Slide 19
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Outstanding Question 
We will need to define what change in ctDNA is meaningful

Clearance? 

Percentage Drop? 

What time Point?
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Moving Forward: Identifying early resistance 

Does a therapeutic switch 
based on early detection of 

resistance or rise in 
sensitizing mutation prior 

to scans improve outcome?



Stable Disease: A wide spread 

33



Molecular-Radiologic Response Concordance

Patients with SD as best response (n=12)

• Patients with radiographically stable disease 
(n=12) had differential responses to immune 
checkpoint blockade that were consistent with 
their molecular response pattern.  

Anagnostou et al., Cancer Research, 2019



LIQUID BIOPSY 
in NSCLC

Early diagnosis
Prognostic 
information

Real-time
monitoring of disease

(targeted + IO)

Identification of therapeutic 
targets

and resistance mechanisms

Advanced stage 
genotyping

MRD

Rolfo, Castiglia M et al. Biochim Biophys Acta. 2014;1846(2):539-46

Liquid Biopsy: Clinical Application



High Sensitivity cfDNA to Detect
Recurrence

• Cancer Personalized Profiling by deep 
sequencing (CAPP-seq)
– 128 recurrently mutated genes
– 188 kb total
– Lower limit of detection 0.002%

• 40 patients undergoing curative intent 
therapy
– 37 NSCLC, 3 SCLC
– Stage IB (n=7)
– Stage II/ III (n=33)

18% mutations deemed drivers

Chaudhuri AA et al. Cancer Discov. 2017;7(12):1394-1403.



Detecting Minimal Residual 
Disease 

Detection of ctDNA preceded radiographic progression in 
72% of patients by median of 5.2 months.

Chaudhuri AA et al. Cancer Discov. 2017;7(12):1394-1403.



Detecting Minimal Residual 
Disease: Stage III

E. Moding et al. Nature Cancer 2020
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Detecting Minimal Residual 
Disease: Stage III

E. Moding et al. Nature Cancer 2020
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Minimal Residual 
Disease Platforms

Rolfo et al. Nature Reviews clinical oncology May 2020



“Tumor naïve” “Tumor informed”

Gene coverage Large panel of commonly altered 
genes

Limited panel of genes 
personalized to the patient’s 

tumor
Tissue sequencing 
required? No Yes

Key applications

• MRD
• Assess heterogeneity
• Detect actionable alterations
• Identify drivers of resistance
• Serial monitoring

• Detect MRD
• Assess treatment response
• Serial recurrence monitoring

Screens out germline, 
CHIP alterations? No* Yes

Turnaround time 1-2 wks
First test: 2-3 wks (includes

tissue WES profiling)
Subsequent tests: 1 wk

Minimal Residual 
Disease Platforms

Slide courtesy of Aparna Parkikh



What’s the optimal trial design?

Chae et al. JCO 2018
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Rolfo, Castiglia  M et al. Biochim Biophys Acta. 2014;1846(2):539-46



Cohen et al. Science 2018



• N=1005 patients with 
eight different types of 
clinically detected cancer 
(early stage)

• N=812 healthy controls
• Platform: cfDNA (DNA in 

regions of interest from 16 
genes) and proteins  (39)

• Median Sensitivity: 70%
• Median Specificity: 99%

Cohen et al. Science 2018
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Test Performance for cancer signal detection



Conclusions

• Genetic interrogation in paramount in optimizing front-line decision 
making and helping to select genotype-driven therapies in the resistant 
setting

• cfDNA has demonstrated promise in its ability to:
– Serve as a molecular proxy in identifying genetic alterations in treatment naïve 

patients 
– Assess real-time monitoring as a predictor of response

• Studies evaluating cfDNA platforms in monitoring residual disease post 
curative intent therapy as well identification of early stage disease are 
promising 


