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Overview

* Brief review of established predictive genetic biomarkers
* Gene targets and assays for recent therapy approvals
* NCCN Emerging Biomarkers

* Biomarkers with possible significance for prognosis, ADC benefit
prediction, and resistance to established therapies

* Liquid biopsy strategies and use cases in NSCLC
* Applications of Al and machine vision

* Barriers to comprehensive biomarker testing
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Scope

 Emphasis on individual rather than composite biomarkers

 Emphasis on molecular genetic rather than expression-based
biomarkers
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NCCN Category of Evidence for Testing

NCCN Recommended NSCLC Biomarkers Metastasis

Pre-
adjuvant SCC Non-SCC

BRAF 2A
KRAS 2A
EGFR Mutation 2A 2A 1

(eg, NGS)
ERBB?2 (Her2) 2A

Amplification
) (eg, NGS, FISH) 2A for ex14
MET (c-Met) 2A for ex14 & SP44
Expression

PD-L1 (CD274) (IHC) 2A
ALK 2A 2A 1
ROS1 Resistance 2A 2A

mutations :

Fusion

RET 1

(eg, NGS) (eg, NGS, FISH)
NTRK1/2/3 2A 2A
NRG1 2A 2A

The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell Lung Cancer (V1.2026).
© 2025 National Comprehensive Cancer Network, Inc. All rights reserved. These guidelines and this illustration may not be reproduced in any form without the express written permission of
NCCN®. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
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Common molecular genetic assays

Single or limited analyte

 Tailored NGS panels (e.g.,
amplicon-based)

« PCR-based genotyping e.g.,
* Allele-specific
* Droplet digital

* Fluorescence in situ
hybridization (FISH)

Comprehensive Genomic Profiling

» Broad profiling of genetic
abnormalities from DNA +/-
RNA

« Large multi-gene captures
(>100) to whole exome or
transcriptomes

 Germline comparison
sequencing available from
some laboratories
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EGFR Exon 19 Deletion
or L858R Mutation
* First-line therapy
» Afatinib!
» Erlotinib?
» Dacomitinib?®
» Gefitinib*?
» Osimertinib®
» (Carboplatin or Cisplatin)/
Osimertinib/Pemetrexed
(nonsquamous)7
» Erlotinib + Ramucirumab®
» Erlotinib + Bevacizumab
(nonsquamous)®
» Lazertinib + Amivantamab-vmjww
» Lazertinib10
* Subsequent therapy
» Osimertinib!!
» Carboplatin/Pemetrexed
+ Amivantamab-vmjw
(nonsquamc:us)12
» Datopotamab deruxtecan-dink
Q’nonsquamous)13
» Lazertinib + Amivantamab-
vmjw"'15

EGFR S768Il, L861Q, and/or G719X
Mutations
* First-line therapy

» Afatinib™16

» Erlotinib?

» Dacomitinib?®

» Gefitinib*>

» Osimertinib®17
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EGFR S768I, L861Q, and/or G719X

ALK Gene Fusion (continued)

Mutations (continued)
* Subsequent therapy
» Osimertinib™
» Datopotamab deruxtecan-dink
(nonsquamous)'?

EGFR Exon 20 Insertion Mutation
* First-line therapy
» Carboplatin/Pemetrexed
+ Amivantamab-vmjw
(nonsquamous)’
* Subsequent therapy
» Amivantamab-vmjw’
» Sunvozertinib2’
» Datopotamab deruxtecan-dink
{nonsquamous)’3

KRAS G12C Mutation®
* Subsequent therapy
» Sotorasib?!
» Adagrasib22

ALK Gene Fusion

* First-line therapy
» Alectinib?3:24
» Brigatinib?®
» Ceritinib2®
» Crizotinib?3:27
» Ensartinib?®
» Lorlatinib?®

NSCL-J, 2 of 6. The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell Lung Cancer (V1.2026).
© 2025 National Comprehensive Cancer Network, Inc. All rights reserved. These guidelines and this illustration may not be reproduced in any form without the express written permission of NCCN®.
To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.

* Subsequent therapy
» Alectinib30-31
> Brigatinib3’2
» Ceritinib?
» Ensartinib3
» Lorlatinib3?

ROS1 Gene Fusion
* First-line therapy
» Crizotinib®®
» Entrectinib®’
> Repo’trectinibafI
» Taletrectinib??
* Subsequent therapy
» Lorlatinib4®
» Entrectinib®’
» Repotrectinib®
» Taletrectinib®

BRAFV600E Mutation

¢ First-line therapy
» Dabrafenib/Trametinib*!
» Binimetinib/Encorafenib??
» Dabrafenib®>
» Vemurafenib

* Subsequent therapy
» Dabrafenib/Trametinib®3:44
» Binimetinib/Encorafenib?2

NTRK1/2/3 Gene Fusion

¢ First-line/Subsequent therapy
» Larotrectinib®
» Entrectinib
» Repotrectinib?’

PRINCIPLES OF BIOMARKER-DIRECTED THERAPY FOR ADVANCED OR METASTATIC DISEASE

MET Exon 14 Skipping Mutation®
* First-line therapy/Subsequent
therapy
> Capmatinib48
» Crizotinib%?
» Tepotinib®®

RET Gene Fusion

* First-line therapy
» Selpercatinib’’
» Pralsetinib®2

* Subsequent therapy
» Cabozantinibmg

ERBB2 (HER2) Mutation
* Subsequent therapy

» Fam-trastuzumab
deruxtecan-nxki®>?

» Ado-trastuzumab emtansine®

» Zongertinib®’

56

NRG1 Gene Fusion
* Subsequent therapy
» Zenocutuzumab-zbco3®

HER2-positive IHC 3+
* Subsequent therapy
» Fam-trastuzumab

deruxtecan-nxki®?

HGFR (MET) (250% IHC 3+
and EGFR wild-type)
* Subsequent therapy
» Telisotuzumab vedotin-tilv
(nonsquamous)®?




Biomarkers for Recent FDA
Drug Approvals &
NCCN Emerging Biomarkers
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Her2 overexpression

« Associated with inferior prognosis?
« Correlates poorly with ERBB2 amplification status?
« Fam-trastuzumab deruxtecan-nxki: FDA approved on 4/5/24 for

metastatic tumors with Her2 IHC of 3+

* Recommended by NCCN! for patients with 3+ IHC, citing DESTINY-
Lung013 (although this trial included both 2+ and 3+ scores)
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NRG1

6%-

* Neuregulin 1 proto-oncogene
» Growth factor ligand for Her3 RTK

* Binding initiates heterodimerization with
Her2 and activation of MAPK and
PI3BK/MTOR pathways

4%-

Alteration Frequency

2%-

CGA LUAD
CGA LUSC

T
T

PanCancer TCGA datasets queried
in cbioportal.org 10/9/2025

e Mutation e Structural Variant e Amplification e Deep Deletion e Multiple Alterations
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NRG1 fusion prevalence in NSCLC

TCGA Bastard C, et al. 2025
* 4 of 1053 samples (~0.4%) of + Observed by FISH in
NSCLC in TCGA data approximately 1% (N=4/446)
« SDC::NRG1 1 LUSC, 1 LUAD of lung adenocarcinoma
* SMAD4:NRG11LUSC * 2% (N=4/191) of cases with
* THAP7:NRG1 1 LUSC no alterations in EGFR,
Queried from cBioportal.org®’ on KRAS, BRAF, HERZ; MET;
10/02/2025, see https://bit.ly/3Ky4g10 ALK, ROS1 and RET

Bastard C, et al. Cancers (Basel). 2025 Jul 15;17(14):2347.
doi: 10.3390/cancers17142347. PMID: 40723230
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NRG1 fusions detected by breakapart FISH

Figure adapted from Bastard C, et al. Cancers
(Basel). 2025 Jul 15;17(14):2347. doi:
10.3390/cancers17142347. PMID: 40723230;
PMCID: PMC12294116. Published under CC
BY 4.0 license
(https://creativecommons.org/licenses/by/4.0/)
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Zenocutuzumab-zbco: eNRGy phase 2

« NRG1 fusions identified by NGS
* All tumors ORR 30% (95% CI 23-37), N=158
* NSCLC ORR 29% (95% CI 20-39), N=93

* FDA approval on 12/4/24 for NRG1 fusion-positive NSCLC and
pancreatic adenocarcinoma

Schram AM, et al. Efficacy of Zenocutuzumab in NRG1 Fusion-Positive Cancer. N Engl J Med.
2025 Feb 6;392(6):566-576. doi: 10.1056/NEJM0a2405008. PMID: 39908431; PMCID:
PMC11878197.
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FGFR1, 2, 3, 4

25%-

20%-

 Fibroblast growth factor receptor family

* Proto-oncogene RTKs
* Activate PISK/MTOR and MAPK pathways

15%+

10%+

Alteration Frequency

5%

TCGA LUAD
TCGA LUSC

PanCancer TCGA datasets queried
in cbioportal.org 10/9/2025

e Mutation e Structural Variant e Amplification e Deep Deletion e Multiple Alterations
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Erdafitinib; RAGNAR phase 2 trial

All tumors, N=217 NSCLC, N=23
* ORR 30% (95% CI 24-36) « Squamous ORR 21% (CI 5-
 FGFR3 alterations/fusions 51)

most common  FGFR3 predominates

« FGFR3::TACC3, N=49 (23%) * Nonsquamous ORR 33% (ClI
* FGFR3 p.S249C, N=25 (12%) 8-70)

* FGFR2::BICC1, N=12 (6%)  Balanced between FGFRZ2 and
« FGFR2 p.Y375C, N=8 (4%) 3, fusions predominate

« FGFR2::TACC2, N=7 (3%)
Pant S, et al. Lancet Oncol. 2023
Aug;24(8):925-935. PMID: 37541273
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AAC American Association  Adapted From: Identification of Targetable FGFR Gene Fusions in Diverse Cancers
for Cancer Research Cancer Discov. 2013;3(6):636-647. doi:10.1158/2159-8290.CD-13-0050
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AAC American Association  Adapted From: Identification of Targetable FGFR Gene Fusions in Diverse Cancers
for Cancer Research Cancer Discov. 2013;3(6):636-647. doi:10.1158/2159-8290.CD-13-0050
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MET

6%+
» “Mesenchymal Epithelial Transition” proto- -
oncogene, aka. c-MET
» RTK for hepatocyte growth factor (HGF)
* Activates PIBK/MTOR and MAPK pathways

« Exon 14-skipping mutation status is an
established biomarker for response to
capmatinib, crizotinib, and tepotinib

 High-level amplification is linked to inferior
prognosis’? 12

40/0..

3%

Alteration Frequency

2%

10/0_

CGA LUAD
CGA LUSC

T
T

PanCancer TCGA datasets queried
in cbioportal.org 10/9/2025

e Mutation e Structural Variant e Amplification e Deep Deletion e Multiple Alterations
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Figure credit: Friedlaender A,
Drilon A, Banna GL, Peters S,
Addeo A. Cancer. 2020 Nov
15;126(22):4826-4837. doi:
10.1002/cncr.33159. Epub 2020
Sep 5. PMID: 32888330
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Telisotuzumab vedotin: LUMINOSITY ph 2

» 172 patients with nonsquamous EGFR-wt NSCLC with c-Met
overexpression by IHC (SP-44)
* High: >50% of tumor with IHC 3+
* Intermediate: 25%-50% of tumor with IHC 3+

* Primary endpoint: ORR
 c-Met high: 34.6% (95% CI 24.2-46.2, N=78)
» c-Met intermediate: 28.6% (95% CI 21.7-36.2, N=83)
* PFS 45.8 and 50.1 m, respectively; OS 14.6 and 14.2 m

« FDA approval for c-Met high via SP44 (5/24/2025)

Camidge DR, et al. J Clin Oncol. 2024 Sep 1;42(25):3000-3011. PMID: 38843488
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SP44 MET immunohistochemistry

Figure source: Chen RL, et al.
BMC Cancer. 2018 Nov
26;18(1):1171. PMID:
30477470; PMCID:
PMC6258481. CC BY 4.0
(http://creativecommons.org/lice
nses/by/4.0/)
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MET expression: more than mutations

* Guo, et al., analyzed Met expression in 181 patients with
NSCLC

« MET IHC was positive in 39% (N=71)

» Of the 71 MET positive patients, only 3 demonstrated a genetic

basis
* 1 MET amplified
* 2 METex14 mutation

Guo R, et al. J Thorac Oncol. 2019 Sep;14(9):1666-1671. PMID: 31228623
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High-level MET Amplification

Assay Threshold Agent ORR

Ou 20117 FISH MET:CEP7>5 Crizotinib  100% (N=1)

Camidge 2021'®  FISH MET:CEP7 >4 Crizotinib  38.1% (N=21)

(29% in prev. treated, N=69)
Wolf 202019 FISH Copies >=10 Capmatinib 40% tx naive (N=15)

Le 202320 ctDNA Copies >=2.5 Tepotinib  41.7% (N=24)
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MET
amplification
by FISH

MET:
probe
CEPY7: Red probe

Champagnac A, et al. J Thorac Dis.
2020 May;12(5):2172-2178. PMID:
32642122. Published under CC BY-
NC-ND 4.0 License
(https://creativecommons.org/licens
es/by-nc-nd/4.0/)
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Additional Emerging and
Exploratory biomarkers
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Mandatory and highly recommended Emerging Exploratory and potential

molecular biomarkers molecular biomarkers molecular biomarkers
Fusion BRAC1 TP53

ALK Mutation as a mechanism of resistance BRAC2 Abacon RB1 i

BRAF  V60OE mutation mmufm FGFR :":‘:‘m predictive | RBM10 | Mutation

biomarkers biomarkers for
e TARGETED ‘::5’2; s orowern | TARGETED | AKT
MANDATORY  EGFR G719X, L8610, 57681 THERAPY CEACAMS expression | THERAPY CTNNB1 | Mutation
ESCATI T790M mutation ESCATIL e, TROP2 e

MET  Mutation exon 14 skipping PI3KA Mutation NRAS Mutation

NTRK Fusion NRG1 Fusion HRAS Mutation

RET  Fusion ‘ KEAP1 Mutation High TCR clonality
Fusion Protein

ROs1 Mutation as a mechanism of resistance = MTAP expression High CD8 density

EGFR  Exon 20 Insertion biomarkers for | NOTCH Mutation biomarkers for

High dNLR/LIPI
Nk HER2 Mutations . IMMUNO | STK11 Mutation IMMUNO » /
RECOMMENDED KRAS = G12C mutation . THERAPY | SMARCA4 Mutation THERAPY | Adequate microbiota
ESCAT I Gut and tumor
MET  Amplification TMB Mutations DNA, metabolites,
products

Hofman P, et al. Virchows Arch. 2024 Feb;484(2):233-246. PMID: 37801103; PMCID: PMC10948551.
Published under CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/)
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Emerging Biomarkers: A Limited Survey

Expression status (e.g., IHC) Genetic status (e.g., NGS)

HERS3 KEAP1
B7-H3 MTAP

CEACAMS RBM10
TROP2 SMARCA4
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HERS3

* RTK proto-oncogene of the ERBB family altered by mutation or
amplification

* Forms heterodimers with other ERBB family members, especially
ERBB2 (HER2)

* Activates MAPK, PI3K/MTOR pathways among others

* Frequently overexpressed in NSCLC?23. 24

* Proposed mechanism of resistance to EGFR, ALK TKIls2°-28

* May be targetable by investigational monoclonal antibodies
(lumretuzumab, seribantumab, patritumab) and ADCs (patritumab-

DXd)
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B7-H3 (CD276)

Immune checkpoint molecule and proto-oncogene in the B7
immunoglobulin superfamily

Overexpression linked to inferior prognosis2°-3

Contributes to immune evasion, inhibits apoptosis32-34

May predict of ICI resistance3?: 33

Therapeutic strategies include CAR-T, BiKE, and ADC?35

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




CEACAMS5 (CD66¢)

» Carcinoembryonic antigen-related cell adhesion molecule 5

» Cell-surface glycoprotein overexpressed in 20-25% of NSCLC?36

* May enhance cell proliferation and migration through p38
pathway3’

» Therapeutic strategies include investigational bispecific
antibodies, CAR-T, ADCs (tusamitamab ravtansine)36. 38
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TROP2 (TACSTD2)

» Trophoblast cell-surface antigen 2

* Transmembrane calcium signal transducer proto-oncogene
* QOverexpressed in NSCLC?39. 40

* Promotes cell proliferation via MAPK, PI3K/MTOR pathways
« Overexpression linked to ICI resistance*1-42
« Target for ADCs, including Sacituzumab govitecan*3-#> and
datopotamab deruxtecan (TROPION-Lung01, 05, 07/08)%6-48
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KEAP1

» Tumor suppressor that depresses intracellular NRF2 levels
* NRF2 otherwise activates antioxidant and cellular protective pathways

- Mutation associated with inferior prognosis*9-52
« Also linked to resistance to chemoradiation, TKI, and IC|%3-60

» Possible therapeutic strategies include glutaminase and mTOR
pathway inhibition®°
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MTAP

* Methylthioadenosine phosphorylase, tumor suppressor in the
methionine salvage pathway

* Loss of function (e.g., deletion) leads to accumulation of 2-
methylthioadenosine (MTA)

* Inferior prognosis, especially when codeleted with CDKN2A (p16)°’
* Resistance to immunotherapy®?

* Exploratory therapeutic strategies include MAT2A and PRMT5
inhibition®3-65
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RBM10

* RNA-binding motif protein 10, tumor suppressor

» Mutation/loss of expression may portend inferior prognosis,
particularly with TP53 and KRAS comutation®6-69

« Associated with late resistance to EGFR TKIs”0 7"

« Spliceosome inhibitors”! and WEE1 kinase inhibitors’? may

offer new therapeutic strategies
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SMARCA4

* Encodes the BRG1 subunit of the SWI/SNF chromatin
remodeling complex, tumor suppressor

« Mutation associated with inferior prognosis”3-7¢ and response to
chemotherapy”® 77-79

» Therapeutic strategies include:
« SMARCAZ2 inhibition?®
« AURKA inhibition&°
« CDK4/6 inhibition?’
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Liquid Biopsy
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Liquid biopsy: sample types, analytes, assays

Sample types Plasma analytes Buffy coat
» Blood/plasma -+ ctDNA * Circulating tumor cells
« CSF * cfRNA * Circulating endothelial
« Sputum - Methyl-ctDNA cells, fibroblasts
- Effusions * Proteins * Immune cells
« Bone marrow * Exosomes Assays in Current Use

« Tumor-educated * PCR (e.g., ddPCR)

platelets * NGS (e.g., DNA)
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TUMOR-INFORMED ASSAYS TUMOR-AGNOSTIC ASSAYS

-
am=e -
"

Methylation profiles

l Mutational profile

7
Tumor-mutation profile
based on tissue WES

v

Unique mutational panel for
each patient for ctDNA analyses

Early-stage NSCLC Fragmentosome

Pros: Cons:

Pros: Cons: o
e High sensitivity ¢ Higher costs . fh‘)’t TATt : g'e_i";g't""ty
¢ High specificity e Longer TAT . NO“tQ?f costs -

* Failure rates due to tissue adequacy O lissue neede

Figure source: Passarella G, et al. Discov Oncol. 2025 Jan 29;16(1):100. doi: 10.1007/s12672-025-01826-7. PMID: 39881042;
PMCID: PMC11780067. CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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ctDNA versus Traditional Tissue Biopsy

ctDNA Tissue

» May better reflect genetic « Combines molecular data
heterogeneity across multiple with histologic typing,
tumor sites grade/stage, etc

 Potential for false positive * Represents only a snapshot
mutations from hematopoietic of the molecular state of the
cells tumor

 Sensitivity depends on « Sensitivity depends on
tendency of a particular tumor  adequate tumor purity for
to shed DNA detection of mutation
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ctDNA Recommendations

NCCN (2A) [v1.2026, NSCL-H 7] IASLC (2021)
* Should not be used in lieu of tissue ¢ “For patients with oncogene-

diagnosis addicted NSCLC progressing
* Not recommended in stages I-ll| after a targeted therapy,... [a]
* High specificity but “appreciable” “plasma first” approach
false-negative rate should be considered as a
« Complementary to tissue- standard of care in this
based sequencing setting."

Rolfo C, et al. J Thorac Oncol. 2021 Oct;16(10):1647-
The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Non-Small Cell Lung

Cancer (V1.2026). © 2025 National Comprehensive Cancer Network, Inc. All rights reserved. 1 662 PM I D: 34246791 .
To view the most recent and complete version of the NCCN Guidelines, go online to
NCCN.org.
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Additional considerations

» Variable concordance between tissue and ctDNA mutation

detection across studies83-8
* Better with advanced disease and higher ctDNA fraction in blood

« Some support the value of co-testing ctDNA and tissue?® 87 for
highest possible hit-rate of targetable mutations and increased
Quality-Adjusted Life-Years88
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Liquid biopsy: positivity and purpose

Definitions of positivity Purpose

* Predictive oncogenic mutations  « Targeted therapy selection
(drivers) characteristic of the . ,
tumor (e.g. EGFR mutation) Pr.ogn05|s _ _

* Drivers that are not specific to a * Minimal residual disease

single tumor and not « Adjuvant therapy decision-
therapeutically predictive (e.g. making
TP53)

o * Response monitor
* Non-oncogenic/driver
alterations (passengers)
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Role of ctDNA Prognostic or Predictive?

Prognosis Predictive

 Numerous studies support * Predictive value of ctDNA
the prognostic value of ctDNA  testing as yet undetermined
for disease/recurrence-free
survival after curative-intent
therapy89-102
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ctDNA Predictive Studies in Progress

Pending publication Recruiting

. MERMAID-1 (NCT04385368) - ADAPT-E (NCT04585477)
. MERMAID-2 (NCT04642469) + NCT04585490
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Artificial Intelligence
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Digital pathology advances

The confluence of artificial intelligence and whole-slide imaging
may generate clinically relevant data beyond histologic
diagnosis:

* Prediction of molecular biomarkers (e.g., EGFR mutation)
based on WSI morphology'03-105

« Evaluation of PD-L1 status'%

 Evaluation of tumor-infiltrating lymphocytes and other features
of the microenvironment'07-109

 Prognosis/recurrence after surgery or RT110. 111
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Multianalyte profiling and Al classifiers

Disease subtyping and prognostication algorithms can be
trained on transcriptional or methylation profiling data, NGS or
microarray

» A few examples in clinical translation:

* Noninvasive detection of NSCLC using circulating oncRNA™12
« 27 gene RT-PCR predictor of ICI benefit in NSCLC''3
« Full transcriptome classifier for cancer of unknown primary'4

 Limitations:
« Avalilability limited to specific companies, laboratories
 High tissue input requirements and assay cost for array, NGS

» May require large (potentially expensive) datasets for training and
validation (including prospective clinical trials)

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




Five key challenge areas and recommendations for
achieving comprehensive biomarker testing

Challenge 1. Knowledge gaps regarding the Recommendation 1. Disseminate clear and
value and indications for testing consistent educational materials for biomarker
testing to physicians and patients.

Challenge 2. Procuring adequate tissue for Recommendation 2. Provide education to

evaluation proceduralists performing tissue sampling for
potential lung cancer and guide the
development of institutional policies promoting
adequate tissue collection.

Table adapted from: Fox AH, etc. Cancer. 2024 Dec 15;130(24):4188-4199. PMID: 39347617.
Published under CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/)
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Five key challenge areas, continued

Challenge 3. Choice of assay and turnaround Recommendation 3. Promote the use of

time guideline-driven biomarker panel testing
through testing algorithms and implementation
of reflex testing.

Challenge 4. Accurate interpretation and Recommendation 4. Encourage standardized
communication of testing results biomarker test reports and develop algorithms
that aid in directing treatment.

Challenge 5. Reimbursement, cost, and Recommendation 5. Remove the disconnect

coverage between payer policies and evidence-based
guidelines for comprehensive biomarker testing
to increase coverage and avoid delays.

Table adapted from: Fox AH, etc. Cancer. 2024 Dec 15;130(24):4188-4199. PMID: 39347617.
Published under CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/)
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Barriers to comprehensive biomarker testing

a.
Common Pathway for the Diagnosis of NSCLC
Suspected ‘Procedure(s) to Cell-Type Determination Shared Decieions
NSCLC Bitdiceono Sage 8 Making for Treatment
NSCLC Comprehensive Biomarker Testing
b r N [ N N N [ A
Primary Care: Proceduralists: Pathologists: Payers: Oncologists:
* Nihilism over the lung + Lack of awareness for » Lack of awareness of + Time and energy for » Staying abreast of
cancer diagnosis testing testing and updates prior authorization rapid changes in
» Lack of ability to + Adequate tissue * Not saving enough process evidence
engage after collection for testing tissue for biomarker  Lack of efficient and « Difficulty interpreting
diagnosis « Lack of feedback on testing global process for biomarker test results
performance reviewing evidence » Lack of timely access
on utility to tumor boards
|8 AN P & S/ N\ J J

Table adapted from: Fox AH, etc. Cancer. 2024 Dec 15;130(24):4188-4199. PMID: 39347617.
Published under CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/)

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




1. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Guideline Name V.8.2025. © National Comprehensive Cancer
Network, Inc. 202X. All rights reserved. To view the most recent and complete version of the guideline, go online to NCCN.org.

2. Kim EK, Kim KA, Lee CY, Shim HS. The frequency and clinical impact of HER2 alterations in lung adenocarcinoma. Plos One. 2017;12(2):e0171280.
doi:10.1371/journal.pone.0171280

3. Smit EF, Felip E, Uprety D, et al. Trastuzumab deruxtecan in patients with metastatic non-small-cell lung cancer (DESTINY-Lung01): primary results of the HER2-overexpressing
cohorts from a single-arm, phase 2 trial. Lancet Oncol. 2024;25(4):439-454. doi:10.1016/s1470-2045(24)00064-0

4. Bastard C, Caumont C, Samaison L, et al. Fluorescent In Situ Hybridization Testing Allows the Diagnosis of NRG1 Gene Fusions in Lung and Pancreas Cancers with No Other
Identified Oncogenic Driver. Cancers. 2025;17(14):2347. doi:10.3390/cancers17142347

5. Cerami E, Gao J, Dogrusoz U, et al. The cBio Cancer Genomics Portal: An Open Platform for Exploring Multidimensional Cancer Genomics Data. Cancer Discov. 2012;2(5):401-404.
doi:10.1158/2159-8290.cd-12-0095

6. Bruijn | de, Kundra R, Mastrogiacomo B, et al. Analysis and Visualization of Longitudinal Genomic and Clinical Data from the AACR Project GENIE Biopharma Collaborative in
cBioPortal. Cancer Res. 2023;83(23):3861-3867. doi:10.1158/0008-5472.can-23-0816

7. Gao J, Aksoy B, Dogrusoz U, et al. Integrative Analysis of Complex Cancer Genomics and Clinical Profiles Using the cBioPortal. Sci Signal. 2013;6(269):pl1-pl1.
doi:10.1126/scisignal.2004088

8. Schram AM, Goto K, Kim DW, et al. Efficacy of Zenocutuzumab in NRG1 Fusion—Positive Cancer. N Engl J Med. 2025;392(6):566-576. doi:10.1056/nejmoa2405008

9. Pant S, Schuler M, lyer G, et al. Erdafitinib in patients with advanced solid tumours with FGFR alterations (RAGNAR): an international, single-arm, phase 2 study. Lancet Oncol.
2023;24(8):925-935. doi:10.1016/s1470-2045(23)00275-9

10. Wu YM, Su F, Kalyana-Sundaram S, et al. Identification of Targetable FGFR Gene Fusions in Diverse Cancers. Cancer Discov. 2013;3(6):636-647. doi:10.1158/2159-8290.cd-13-
0050

11. Tong JH, Yeung SF, Chan AWH, et al. MET Amplification and Exon 14 Splice Site Mutation Define Unique Molecular Subgroups of Non—Small Cell Lung Carcinoma with Poor
Prognosis. Clin Cancer Res. 2016;22(12):3048-3056. doi:10.1158/1078-0432.ccr-15-2061

12. Kim JH, Kim HS, Kim BJ. Prognostic value of MET copy number gain in non-small-cell lung cancer: an updated meta-analysis. J Cancer. 2018;9(10):1836-1845.
doi:10.7150/jca.24980

13. Friedlaender A, Drilon A, Banna GL, Peters S, Addeo A. The METeoric rise of MET in lung cancer. Cancer. 2020;126(22):4826-4837. doi:10.1002/cncr.33159

14. Camidge DR, Bar J, Horinouchi H, et al. Telisotuzumab Vedotin Monotherapy in Patients With Previously Treated c-Met Protein—Overexpressing Advanced Nonsquamous EGFR-
Wildtype Non—Small Cell Lung Cancer in the Phase Il LUMINOSITY Trial. J Clin Oncol. 2024;42(25):3000-3011. doi:10.1200/jc0.24.00720

15. Chen RL, Zhao J, Zhang XC, et al. Crizotinib in advanced non-small-cell lung cancer with concomitant ALK rearrangement and c-Met overexpression. BMC Cancer.
2018;18(1):1171. doi:10.1186/s12885-018-5078-y

16. Guo R, Berry LD, Aisner DL, et al. MET IHC Is a Poor Screen for MET Amplification or MET Exon 14 Mutations in Lung Adenocarcinomas: Data from a Tri-Institutional Cohort of the
Lung Cancer Mutation Consortium. J Thorac Oncol. 2019;14(9):1666-1671. doi:10.1016/j.jth0.2019.06.009

17. Ou SHI, Kwak EL, Siwak-Tapp C, et al. Activity of Crizotinib (PF02341066), a Dual Mesenchymal-Epithelial Transition (MET) and Anaplastic Lymphoma Kinase (ALK) Inhibitor, in a
Non-small Cell Lung Cancer Patient with De Novo MET Amplification. J Thorac Oncol. 2011;6(5):942-946. doi:10.1097/jto.0b013e31821528d3

18. Camidge DR, Otterson GA, Clark JW, et al. Crizotinib in Patients With MET-Amplified NSCLC. J Thorac Oncol. 2021;16(6):1017-1029. doi:10.1016/j.jtho.2021.02.010

19. Wolf J, Seto T, Han JY, et al. Capmatinib in MET Exon 14—Mutated or MET-Amplified Non—Small-Cell Lung Cancer. New Engl J Med. 2020;383(10):944-957.
doi:10.1056/nejmoa2002787

20. Le X, Paz-Ares LG, Meerbeeck JV, et al. Tepotinib in patients with non-small cell lung cancer with high-level MET amplification detected by liquid biopsy: VISION Cohort B. Cell Rep
Med. 2023;4(11):101280. doi:10.1016/j.xcrm.2023.101280

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




21. Champagnac A, Bringuier PP, Barritault M, et al. Frequency of MET exon 14 skipping mutations in non-small cell lung cancer according to technical approach in routine diagnosis:
results from a real-life cohort of 2,369 patients. J Thorac Dis. 2020;12(5):2172-2178. doi:10.21037/jtd.2020.04.21

22. Hofman P, Berezowska S, Kazdal D, et al. Current challenges and practical aspects of molecular pathology for non-small cell lung cancers. Virchows Arch. 2024;484(2):233-246.
doi:10.1007/s00428-023-03651-1

23. Scharpenseel H, Hanssen A, Loges S, et al. EGFR and HER3 expression in circulating tumor cells and tumor tissue from non-small cell lung cancer patients. Sci Rep.
2019;9(1):7406. doi:10.1038/s41598-019-43678-6

24. Manickavasagar T, Yuan W, Carreira S, et al. HER3 expression and MEK activation in non-small-cell lung carcinoma. Lung Cancer Manag. 2021;10(2):LMT48. doi:10.2217/Imt-
2020-0031

25. Sampson J, Ju H min, Zhang N, Yeoh S, Choi J, Bayliss R. Targeting ERBB3 and AKT to overcome adaptive resistance in EML4-ALK-driven non-small cell lung cancer. Cell Death
Dis. 2024;15(12):912. doi:10.1038/s41419-024-07272-7

26. Kim M, Ju H min, Song J young, Sampson J, Bayliss R, Choi J. HER3 overexpression: a predictive marker for poor prognosis in advanced ALK-positive non-small cell lung cancer
treated with ALK inhibitors. Transl Lung Cancer Res. 2024;13(2):321-333. doi:10.21037/tlcr-23-804

27. Yonesaka K, Tanizaki J, Maenishi O, et al. HER3 Augmentation via Blockade of EGFR/AKT Signaling Enhances Anticancer Activity of HER3-Targeting Patritumab Deruxtecan in
EGFR-Mutated Non—Small Cell Lung Cancer. Clinical Cancer Research. 2022;28(2):390-403. doi:10.1158/1078-0432.ccr-21-3359

28. Honkanen TJ, Luukkainen MEK, Koivunen JP. Role of human epidermal growth factor receptor 3 in treatment resistance of anaplastic lymphoma kinase translocated non-small cell
lung cancer. Cancer Biology & Therapy. 2023;24(1):2256906. doi:10.1080/15384047.2023.2256906

29. Mao 'Y, Li W, Chen K, et al. B7-H1 and B7-H3 are independent predictors of poor prognosis in patients with non-small cell lung cancer. Oncotarget. 2015;6(5):3452-3461.
doi:10.18632/oncotarget.3097

30. Yim J, Koh J, Kim S, et al. Effects of B7-H3 expression on tumour-infiltrating immune cells and clinicopathological characteristics in non—small-cell lung cancer. European Journal of
Cancer. 2020;133:74-85. doi:10.1016/j.ejca.2020.03.033

31. Altan M, Pelekanou V, Schalper KA, et al. B7-H3 Expression in NSCLC and Its Association with B7-H4, PD-L1 and Tumor-Infiltrating Lymphocytes. Clinical Cancer Research.
2017;23(17):5202-5209. doi:10.1158/1078-0432.ccr-16-3107

32. Zhang D, Huang H, Gao X, et al. High expression of B7-H3 on monocyte/macrophages in tumor microenvironment promotes lung cancer progression by inhibiting apoptosis.
Translational Oncology. 2024;41:101874. doi:10.1016/j.tranon.2023.101874

33. Yonesaka K, Haratani K, Takamura S, et al. B7-H3 Negatively Modulates CTL-Mediated Cancer Immunity. Clinical Cancer Research. 2018;24(11):2653-2664. doi:10.1158/1078-
0432.ccr-17-2852

34. SunY, Wang Y, Zhao J, et al. B7-H3 and B7-H4 expression in non-small-cell lung cancer. Lung Cancer. 2006;53(2):143-151. doi:10.1016/j.lungcan.2006.05.012

35. Liu J, Yang S, Cao B, et al. Targeting B7-H3 via chimeric antigen receptor T cells and bispecific killer cell engagers augments antitumor response of cytotoxic lymphocytes. J
Hematol Oncol. 2021;14(1):21. doi:10.1186/s13045-020-01024-8

36. Lefebvre AM, Adam J, Nicolazzi C, et al. The search for therapeutic targets in lung cancer: Preclinical and human studies of carcinoembryonic antigen-related cell adhesion
molecule 5 expression and its associated molecular landscape. Lung Cancer. 2023;184:107356. doi:10.1016/j.lungcan.2023.107356

37. Zhang X, Han X, Zuo P, Zhang X, Xu H. CEACAMS5 stimulates the progression of non-small-cell lung cancer by promoting cell proliferation and migration. J Int Med Res.
2020;48(9):0300060520959478. doi:10.1177/0300060520959478

38. Kim YJ, Li W, Zhelev DV, Mellors JW, Dimitrov DS, Baek DS. Chimeric antigen receptor-T cells are effective against CEACAMS5 expressing non-small cell lung cancer cells resistant
to antibody-drug conjugates. Front Oncol. 2023;13:1124039. doi:10.3389/fonc.2023.1124039

39. Kuo P, Elboudwarej E, Zavodovskaya M, et al. Trop-2 expression in non-small cell lung cancer. Bychkov"] ["Andrey, ed. PLoS ONE. 2025;20(4):e0321555.
doi:10.1371/journal.pone.0321555

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




40. FuY, Jing Y, Gao J, et al. Variation of Trop2 on non-small-cell lung cancer and normal cell membranes revealed by super-resolution fluorescence imaging. Talanta.
2020;207:120312. doi:10.1016/j.talanta.2019.120312

41. Bessede A, Peyraud F, Besse B, et al. TROP2 Is Associated with Primary Resistance to Immune Checkpoint Inhibition in Patients with Advanced Non—Small Cell Lung Cancer.
Clinical Cancer Research. 2024;30(4):779-785. doi:10.1158/1078-0432.ccr-23-2566

42. Sun X, JiaL, Wang T, et al. Trop2 binding IGF2R induces gefitinib resistance in NSCLC by remodeling the tumor microenvironment. J Cancer. 2021;12(17):5310-5319.
doi:10.7150/jca.57711

43. Caputo R, Buono G, Piezzo M, et al. Sacituzumab Govitecan for the treatment of advanced triple negative breast cancer patients: a multi-center real-world analysis. Front Oncol.
2024;14:1362641. doi:10.3389/fonc.2024.1362641

44. Rugo HS, Bardia A, Marmé F, et al. Overall survival with sacituzumab govitecan in hormone receptor-positive and human epidermal growth factor receptor 2-negative metastatic
breast cancer (TROPiICS-02): a randomised, open-label, multicentre, phase 3 trial. Lancet. 2023;402(10411):1423-1433. doi:10.1016/s0140-6736(23)01245-x

45. Heist RS, Guarino MJ, Masters G, et al. Therapy of Advanced Non—Small-Cell Lung Cancer With an SN-38-Anti-Trop-2 Drug Conjugate, Sacituzumab Govitecan. JCO.
2017;35(24):2790-2797. doi:10.1200/jco.2016.72.1894

46. Sands J, Ahn MJ, Lisberg A, et al. Datopotamab Deruxtecan in Advanced or Metastatic Non—Small Cell Lung Cancer With Actionable Genomic Alterations: Results From the Phase
Il TROPION-Lung05 Study. J Clin Oncol. 2025;43(10):1254-1265. doi:10.1200/jco-24-01349

47. Ahn MJ, Tanaka K, Paz-Ares L, et al. Datopotamab Deruxtecan Versus Docetaxel for Previously Treated Advanced or Metastatic Non—Small Cell Lung Cancer: The Randomized,
Open-Label Phase Ill TROPION-Lung01 Study. J Clin Oncol. 2025;43(3):260-272. doi:10.1200/jco-24-01544

48. Levy BP, Felip E, Reck M, et al. TROPION-Lung08: phase lll study of datopotamab deruxtecan plus pembrolizumab as first-line therapy for advanced NSCLC. Futur Oncol.
2023;19(21):1461-1472. doi:10.2217/fon-2023-0230

49. Saleh MM, Scheffler M, Merkelbach-Bruse S, et al. Comprehensive Analysis of TP53 and KEAP1 Mutations and Their Impact on Survival in Localized- and Advanced-Stage
NSCLC. Journal of Thoracic Oncology. 2022;17(1):76-88. doi:10.1016/j.jth0.2021.08.764

50. Papillon-Cavanagh S, Doshi P, Dobrin R, Szustakowski J, Walsh AM. STK11 and KEAP1 mutations as prognostic biomarkers in an observational real-world lung adenocarcinoma
cohort. ESMO Open. 2020;5(2):e000706. doi:10.1136/esmoopen-2020-000706

51. Lima VCCD, Corassa M, Saldanha E, et al. STK11 and KEAP1 mutations in non-small cell lung cancer patients: Descriptive analysis and prognostic value among Hispanics
(STRIKE registry-CLICaP). Lung Cancer. 2022;170:114-121. doi:10.1016/j.lungcan.2022.06.010

52. Hellyer JA, Padda SK, Diehn M, Wakelee HA. Clinical Implications of KEAP1-NFE2L2 Mutations in NSCLC. Journal of Thoracic Oncology. 2021;16(3):395-403.
doi:10.1016/j.jth0.2020.11.015

53. Jeong Y, Hellyer JA, Stehr H, et al. Role of KEAP1/NFE2L2 Mutations in the Chemotherapeutic Response of Patients with Non—Small Cell Lung Cancer. Clinical Cancer Research.
2020;26(1):274-281. doi:10.1158/1078-0432.ccr-19-1237

54. Scalera S, Mazzotta M, Cortile C, et al. KEAP1-Mutant NSCLC: The Catastrophic Failure of a Cell-Protecting Hub. Journal of Thoracic Oncology. 2022;17(6):751-757.
doi:10.1016/j.jtho.2022.03.011

55. Singh A, Misra V, Thimmulappa RK, et al. Dysfunctional KEAP1-NRF2 Interaction in Non-Small-Cell Lung Cancer. Meyerson"] ["Matthew, ed. PLoS Med. 2006;3(10):e420.
doi:10.1371/journal.pmed.0030420

56. Paredes R, Borea R, Drago F, Russo A, Nigita G, Rolfo C. Genetic drivers of tumor microenvironment and immunotherapy resistance in non-small cell lung cancer: the role of
KEAP1 , SMARCA4 , and PTEN mutations. J Immunother Cancer. 2025;13(8):e012288. doi:10.1136/jitc-2025-012288

57. Federico AD, Giglio AD, Parisi C, Gelsomino F. STK11/LKB1 and KEAP1 mutations in non-small cell lung cancer: Prognostic rather than predictive? European Journal of Cancer.
2021;157:108-113. doi:10.1016/j.ejca.2021.08.011

58. Boeschen M, Kuhn CK, Wirtz H, et al. Comparative bioinformatic analysis of KRAS, STK11 and KEAP1 (co-)mutations in non-small cell lung cancer with a special focus on KRAS
G12C. Lung Cancer. 2023;184:107361. doi:10.1016/j.lungcan.2023.107361

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




59. Hellyer JA, Stehr H, Das M, et al. Impact of KEAP1/NFE2L2/CUL3 mutations on duration of response to EGFR tyrosine kinase inhibitors in EGFR mutated non-small cell lung

cancer. Lung Cancer. 2019;134:42-45. doi:10.1016/j.lungcan.2019.05.002

60. Lu W, Ning M, Chen Z. Abstract LB278: KEAP1 loss-of-function modulates ROS and AKT-mTOR pathway leading to resistance to KRAS inhibitor. Cancer Research.

2025;85(8_Supplement_2):LB278-LB278. doi:10.1158/1538-7445.am2025-1b278

61. Su CY, Chang YC, Chan YC, et al. MTAP is an independent prognosis marker and the concordant loss of MTAP and p16 expression predicts short survival in non-small cell lung

cancer patients. European Journal of Surgical Oncology (EJSO). 2014;40(9):1143-1150. doi:10.1016/j.ejs0.2014.04.017

62. Gjuka D, Adib E, Garrison K, et al. Enzyme-mediated depletion of methylthioadenosine restores T cell function in MTAP-deficient tumors and reverses immunotherapy resistance.

Cancer Cell. 2023;41(10):1774-1787 .€9. doi:10.1016/j.ccell.2023.09.005

63. Bedard GT, Gilaj N, Peregrina K, et al. Combined inhibition of MTAP and MAT2a mimics synthetic lethality in tumor models via PRMT5 inhibition. J Biol Chem. 2024;300(1):105492.

doi:10.1016/j.jbc.2023.105492

64. Kryukov GV, Wilson FH, Ruth JR, et al. MTAP deletion confers enhanced dependency on the PRMT5 arginine methyltransferase in cancer cells. Science. 2016;351(6278):1214-

1218. doi:10.1126/science.aad5214

65. Dominici C, Sgarioto N, Yu Z, et al. Synergistic effects of type | PRMT and PARP inhibitors against non-small cell lung cancer cells. Clin Epigenet. 2021;13(1):54.

doi:10.1186/s13148-021-01037-1

66. Reyes A, Afkhami M, Massarelli E, et al. RBM10 Mutation as a Potential Negative Prognostic/Predictive Biomarker to Therapy in Non-Small-Cell Lung Cancer. Clinical Lung Cancer.

2024;25(8):e411-e419. doi:10.1016/j.cllc.2024.07.010

67. CaoY, Geng J, Wang X, et al. RNA-binding motif protein 10 represses tumor progression through the Wnt/B- catenin pathway in lung adenocarcinoma. Int J Biol Sci.

2022;18(1):124-139. doi:10.7150/ijbs.63598

68. Sun X, Jia D, Yu Y. Down regulation of RBM10 promotes proliferation and metastasis via miR-224-5p/RBM10/p53 feedback loop in lung adenocarcinoma. Heliyon.

2024;10(15):€35001. doi:10.1016/j.heliyon.2024.e35001

69. CaoY, Pang L, Jin S. RBM10 Is a Biomarker Associated with Pan-Cancer Prognosis and Immune Infiltration: System Analysis Combined with In Vitro and Vivo Experiments. Roy"]

["Subhadeep, ed. Oxidative Medicine and Cellular Longevity. 2022;2022(1):7654937. doi:10.1155/2022/7654937

70. Reyes A, Afkhami M, Muddasani R, Li X, Massarelli E, Salgia R. RBM10 mutation as a potential negative prognostic/predictive biomarker to therapy in non-small-cell lung cancer.

JCO. 2024;42(16_suppl):e20544-e20544. doi:10.1200/jco.2024.42.16_suppl.e20544

71. Bao Y, Zhang S, Zhang X, et al. RBM10 Loss Promotes EGFR -Driven Lung Cancer and Confers Sensitivity to Spliceosome Inhibition. Cancer Research. 2023;83(9):1490-1502.

doi:10.1158/0008-5472.can-22-1549

72. Machour FE, Abu-Zhayia ER, Kamar J, Barisaac AS, Simon |, Ayoub N. Harnessing DNA replication stress to target RBM10 deficiency in lung adenocarcinoma. Nat Commun.

2024;15(1):6417. doi:10.1038/s41467-024-50882-0

73. Wankhede D, Grover S, Hofman P. SMARCA4 alterations in non-small cell lung cancer: a systematic review and meta-analysis. J Clin Pathol. 2024;77(7):457-463. doi:10.1136/jcp-

2024-209394

74. Schoenfeld AJ, Bandlamudi C, Lavery JA, et al. The Genomic Landscape of SMARCA4 Alterations and Associations with Outcomes in Patients with Lung Cancer. Clinical Cancer

Research. 2020;26(21):5701-5708. doi:10.1158/1078-0432.ccr-20-1825

75. Long J, Chen Y, Luo X, et al. Clinical features and prognostic biomarkers in patients with SMARCA4-mutated non-small cell lung cancer. Transl Lung Cancer Res. 2024;13(8):1938-

1949. doi:10.21037/tlcr-24-381

76. Fernando TM, Piskol R, Bainer R, et al. Functional characterization of SMARCA4 variants identified by targeted exome-sequencing of 131,668 cancer patients. Nat Commun.
2020;11(1):5551. doi:10.1038/s41467-020-19402-8

77.Tian Y, Xu L, Li X, Li H, Zhao M. SMARCAA4: Current status and future perspectives in non-small-cell lung cancer. Cancer Letters. 2023;554:216022.
doi:10.1016/j.canlet.2022.216022

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




78. Dagogo-Jack I, Schrock AB, Kem M, et al. Clinicopathologic Characteristics of BRG1-Deficient NSCLC. Journal of Thoracic Oncology. 2020;15(5):766-776.
doi:10.1016/j.jth0.2020.01.002

79. Alessi JV, Ricciuti B, Spurr LF, et al. SMARCA4 and Other SWitch/Sucrose NonFermentable Family Genomic Alterations in NSCLC: Clinicopathologic Characteristics and
Outcomes to Immune Checkpoint Inhibition. Journal of Thoracic Oncology. 2021;16(7):1176-1187. doi:10.1016/j.jtho.2021.03.024

80. Tagal V, Wei S, Zhang W, et al. SMARCAA4-inactivating mutations increase sensitivity to Aurora kinase A inhibitor VX-680 in non-small cell lung cancers. Nat Commun.
2017;8(1):14098. doi:10.1038/ncomms 14098

81. Xue Y, Meehan B, Fu Z, et al. SMARCAA4 loss is synthetic lethal with CDK4/6 inhibition in non-small cell lung cancer. Nat Commun. 2019;10(1):557. doi:10.1038/s41467-019-08380-
1

82. Passarella G, Canova S, Abbate M, et al. The hype around ctDNA guiding an informed perioperative therapeutic strategy in early-stage non-small cell lung cancer. Discov Oncol.
2025;16(1):100. doi:10.1007/s12672-025-01826-7

83. Schwaederlé MC, Patel SP, Husain H, et al. Utility of Genomic Assessment of Blood-Derived Circulating Tumor DNA (ctDNA) in Patients with Advanced Lung Adenocarcinoma. Clin
Cancer Res. 2017;23(17):5101-5111. doi:10.1158/1078-0432.ccr-16-2497

84. Thompson JC, Yee SS, Troxel AB, et al. Detection of Therapeutically Targetable Driver and Resistance Mutations in Lung Cancer Patients by Next-Generation Sequencing of Cell-
Free Circulating Tumor DNA. Clin Cancer Res. 2016;22(23):5772-5782. doi:10.1158/1078-0432.ccr-16-1231

85. Huang W, Xu K, Liu Z, et al. Circulating tumor DNA- and cancer tissue-based next-generation sequencing reveals comparable consistency in targeted gene mutations for advanced
or metastatic non-small cell lung cancer. Chin Méd J. 2025;138(7):851-858. doi:10.1097/cm9.0000000000003117

86. Aggarwal C, Thompson JC, Black TA, et al. Clinical Implications of Plasma-Based Genotyping With the Delivery of Personalized Therapy in Metastatic Non—Small Cell Lung
Cancer. JAMA Oncol. 2019;5(2):173-180. doi:10.1001/jamaoncol.2018.4305

87. lams WT, Mackay M, Ben-Shachar R, et al. Concurrent Tissue and Circulating Tumor DNA Molecular Profiling to Detect Guideline-Based Targeted Mutations in a Multicancer
Cohort. JAMA Netw Open. 2024;7(1):2351700. doi:10.1001/jamanetworkopen.2023.51700

88. (Quality) OH. Plasma-Based Comprehensive Genomic Profiling DNA Assays for Non-Small Cell Lung Cancer: A Health Technology Assessment. Ont Heal Technol Assess Ser.
2024;24(8):1-306.

89. Li N, Wang B, Li J, et al. Perioperative circulating tumor DNA as a potential prognostic marker for operable stage | to IlIA non—small cell lung cancer. Cancer. 2022;128(4):708-718.
doi:10.1002/cncr.33985

90. Jung HA, Ku BM, Kim YJ, et al. Longitudinal Monitoring of Circulating Tumor DNA From Plasma in Patients With Curative Resected Stages | to IlIA EGFR-Mutant Non—Small Cell
Lung Cancer. J Thorac Oncol. 2023;18(9):1199-1208. doi:10.1016/j.jtho.2023.05.027

91. Markou AN, Londra D, Stergiopoulou D, et al. Preoperative Mutational Analysis of Circulating Tumor Cells (CTCs) and Plasma-cfDNA Provides Complementary Information for Early
Prediction of Relapse: A Pilot Study in Early-Stage Non-Small Cell Lung Cancer. Cancers. 2023;15(6):1877. doi:10.3390/cancers15061877

92. Peng M, Huang Q, Yin W, et al. Circulating Tumor DNA as a Prognostic Biomarker in Localized Non-small Cell Lung Cancer. Front Oncol. 2020;10:561598.
doi:10.3389/fonc.2020.561598

93. Xia L, Mei J, Kang R, et al. Perioperative ctDNA-based Molecular Residual Disease Detection for Non-Small Cell Lung Cancer: A Prospective Multicenter Cohort Study (LUNGCA-
1). Clin Cancer Res. 2021;28(15):clincanres.3044.2021. doi:10.1158/1078-0432.ccr-21-3044

94. Waldeck S, Mitschke J, Wiesemann S, et al. Early assessment of circulating tumor DNA after curative-intent resection predicts tumor recurrence in early-stage and locally advanced
non-small-cell lung cancer. Mol Oncol. 2022;16(2):527-537. doi:10.1002/1878-0261.13116

95. Tran HT, Heeke S, Sujit S, et al. Circulating tumor DNA and radiological tumor volume identify patients at risk for relapse with resected, early-stage non-small-cell lung cancer. Ann
Oncol. 2024;35(2):183-189. doi:10.1016/j.annonc.2023.11.008

96. Pan Y, Zhang JT, Gao X, et al. Dynamic circulating tumor DNA during chemoradiotherapy predicts clinical outcomes for locally advanced non-small cell lung cancer patients.
Cancer Cell. 2023;41(10):1763-1773.e4. doi:10.1016/j.ccell.2023.09.007

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




97. Lebow ES, Shaverdian N, Eichholz JE, et al. ctDNA-based detection of molecular residual disease in stage I-lll non-small cell lung cancer patients treated with definitive
radiotherapy. Front Oncol. 2023;13:1253629. doi:10.3389/fonc.2023.1253629

98. Liang H, Huang J, Wang B, Liu Z, He J, Liang W. The role of liquid biopsy in predicting post-operative recurrence of non-small cell lung cancer. J Thorac Dis. 2018;10(7):S838-
S845. doi:10.21037/jtd.2018.04.08

99. Qiu B, Guo W, Zhang F, et al. Dynamic recurrence risk and adjuvant chemotherapy benefit prediction by ctDNA in resected NSCLC. Nat Commun. 2021;12(1):6770.
doi:10.1038/s41467-021-27022-z

100. Naso JR, Yip S, Hughesman C, et al. Confirmation of Recurrent Lung Cancer Following Resection Using Liquid Biopsy, a Proof-of-Concept Real-World Study. Curr Oncol.
2024;31(7):4052-4062. doi:10.3390/curroncol31070302

101. OhY, Yoon SM, Lee J, et al. Personalized, tumor-informed, circulating tumor DNA assay for detecting minimal residual disease in non-small cell lung cancer patients receiving
curative treatments. Thorac Cancer. 2024;15(13):1095-1102. doi:10.1111/1759-7714.15281

102. Gale D, Heider K, Ruiz-Valdepenas A, et al. Residual ctDNA after treatment predicts early relapse in patients with early-stage non-small cell lung cancer. Ann Oncol.
2022;33(5):500-510. doi:10.1016/j.annonc.2022.02.007

103. Zanoletti M, Ugolini F, Bachiri LE, et al. EGFR Mutation Detection in Whole Slide Images of Non-Small Cell Lung Cancers Using a Two-Stage Deep Transfer Learning Approach.
Cancer Med. 2025;14(18):e71249. doi:10.1002/cam4.71249

104. Shinomiya Y, Ishida Y, Hatanaka KC, et al. Utility of a Novel High-Sensitivity Multiplex Companion Diagnostic Test Using Formalin-Fixed Paraffin-Embedded Cell Block Materials
of Non-small Cell Lung Cancer. Cancer Med. 2025;14(13):e71028. doi:10.1002/cam4.71028

105. Pao JJ, Biggs M, Duncan D, et al. Predicting EGFR mutational status from pathology images using a real-world dataset. Sci Rep. 2023;13(1):4404. doi:10.1038/s41598-023-
31284-6

106. Herbst RS, Prizant H, Ruderman D, et al. Digital Versus Manual PD-L1 Scoring in Advanced Non-Small Cell Lung Cancer From the IMpower110 and IMpower150 Trials. J Thorac
Oncol. 2025. doi:10.1016/j.jth0.2025.07.131

107. Shvetsov N, Sildnes A, Tafavvoghi M, et al. Fast TILs—A pipeline for efficient TILs estimation in non-small cell Lung cancer. J Pathol Inform. 2025;17:100437.
doi:10.1016/j.jpi.2025.100437

108. Gallo E, Guardiani D, Betti M, et al. Al drives the assessment of lung cancer microenvironment composition. J Pathol Inform. 2024;15:100400. doi:10.1016/j.jpi.2024.100400

109. Saqi A, Liu Y, Politis MG, Salvatore M, Jambawalikar S. Combined expert-in-the-loop—random forest multiclass segmentation U-net based artificial intelligence model: evaluation
of non-small cell lung cancer in fibrotic and non-fibrotic microenvironments. J Transl Med. 2024;22(1):640. doi:10.1186/s12967-024-05394-2

110. Wang X, Janowczyk A, Zhou Y, et al. Prediction of recurrence in early stage non-small cell lung cancer using computer extracted nuclear features from digital H&E images. Sci
Rep. 2017;7(1):13543. doi:10.1038/s41598-017-13773-7

111. Wang S, Chen A, Yang L, et al. Comprehensive analysis of lung cancer pathology images to discover tumor shape and boundary features that predict survival outcome. Sci Rep.
2018;8(1):10393. doi:10.1038/s41598-018-27707-4

112. Karimzadeh M, Momen-Roknabadi A, Cavazos TB, et al. Deep generative Al models analyzing circulating orphan non-coding RNAs enable detection of early-stage lung cancer.
Nat Commun. 2024;15(1):10090. doi:10.1038/s41467-024-53851-9

113. Ghani H, Helmstetter A, Ribeiro JR, et al. GPSai: A Clinically Validated Al Tool for Tissue of Origin Prediction during Routine Tumor Profiling. Cancer Res Commun.
2025;5(9):1477-1489. doi:10.1158/2767-9764.crc-25-0171

114. Saltman DL, Varga MG, Nielsen TJ, et al. 27-gene Immuno-Oncology (IO) Score is Associated With Efficacy of Checkpoint Inmunotherapy in Advanced NSCLC: A Retrospective
BC Cancer Study. Clin Lung Cancer. 2023;24(2):137-144. doi:10.1016/j.cllc.2022.11.009

115. Fox AH, Osarogiagbon RU, Farjah F, et al. The American Cancer Society National Lung Cancer Roundtable strategic plan: Advancing comprehensive biomarker testing in non—
small cell lung cancer. Cancer. 2024;130(24):4188-4199. doi:10.1002/cncr.34628

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




Questions, Bibliography Requests:
Ana.Ruano@hci.utah.edu

Acknowledgements:
Joshua Coleman, MD

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




WNOOWVE Cancer Network®

Who We Are

An alliance of leading cancer
centers devoted to patient care,
research, and education

Our Mission

To define and advance
quality, effective, equitable,
and accessible cancer care
and prevention so all people
can live better lives

Our Vision

people globally

- NCCN.org — For Clinicians |

National Comprehensive

Fred Hutchinson Cancer Center

NCCN Member Institutions

Dana-Farber/Brigham and
Women's Cancer Center |

Mass General Cancer Center
University Roswell Park .
of Wisconsin Comprehensive
Center = Carbone
+ Cancer Center Yale Cancer Center/
University of Michigan .
&5 e s Shie s o
= Mem i
Huntsman Cancer Institute Cancer Center/University Cancer Center 4
at the University of Utah Robert H. Lurie Comprehensive Cancer Hospitals Seidman Cancer
UCSF Helen Difler Family ~ Center of Northwestern University * Center and Cleveland « Fox Chase Cancer Center
Comprehensive The UChicago Medicine Clinic Taussig *  Abramson Cancer Center
Cancer Center _ LC Davis Fred & Pamela Buffett Cancer Center « Comprehiensive Cancer Cancer Institute at the University of Pennsylvania
Comprehensive Cancer Center ~ ~ Johns Hopkins Kimmel Cancer Center
. Indiana University Melvin and Bren Simon The University
University of Colorado Comprehensive Cancer Center Ohio State
Stanford Cancer Institute c.m'é{m P Comprehansive Cancer Canter

Comprehensive
Cancer Center

+ =+ City of Hope National Medical Center

UC San Diego
Moores Cancer Center

Access to high-quality, high-value,
patient-centered cancer care for all

+ Mayo Clinic Comprehensive Cancer Center

NCCN.org/patients — For Patients |

Siteman Cancer Center

at Barnes-Jewish Hospital *
and Washington University
School of Medicine

St. Jude Children's
Research Hospital/
The University of  «
Tennessee Health
Science Center

UT Southwestern Simmons
Comprehensive Cancer Center

The University of Texas
MD Anderson Cancer Center

James Cancer Hospital and
Solove Research Institute

va iR * Duke Cancer Institute

" Cancer Center

« O'Neal Comprehensive

Cancer Center at UAB

* | Mayo Clinic Comprehensive Cancer Center

* Moffitt Cancer Center

Education.nccn.org — CE Portal

© National Comprehensive Cancer Network, Inc. 2025, All Rights Reserved. No part of this publication may be reproduced or transmitted in any other form or
by any means, electronic or mechanical, without first obtaining express written permission from NCCN®. Contact education@nccn.org with any questions.




