
Lung Cancer Biomarkers for 
Diagnosis and Treatment

Charles A. Powell, M.D.
Janice and Coleman Rabin Professor of Medicine

Chief, Pulmonary, Critical Care and Sleep  Medicine

Icahn School of Medicine at Mount Sinai 



Charles A. Powell: 

The speaker is a consultant for:

Astra Zeneca

Daiichi-Sankyo

Johnson and Johnson

Disclosure of Conflict of Interest



Objectives:

1. Upon completion of this learning activity, participants should be 

able to determine the probability of lung cancer in a patient with a 

lung nodule by integrating risk information from clinical data and 

from imaging studies.

2. Upon completion of this learning activity, participants should be 

able to use clinical  evidence to acquire specimens for biomarker 

analysis and to interpret  biomarker results  in the settings of lung 

cancer screening, nodule evaluation, and lung tumor testing. 



Biomarker

A characteristic that is objectively measured and 

evaluated as an indicator of normal biologic processes, 

pathogenic processes, or pharmacologic responses to a 

therapeutic intervention; 

A biological molecule found in blood, other body fluids, or 

tissues that is a sign of a normal or abnormal process, or of 

a condition or disease.

Source: www.fda.gov



Molecular Biomarker Premise

Molecular Biomarkers will 
provide clinically useful 
information that 
supplements data presently 
available for clinical decision 
making



Molecular Biomarker Evaluation

Am J Respir Crit Care Med Vol 196, Iss 7, pp 911–919, Oct 1, 2017



Clinical Lung Cancer Prediction Models

Mazzone, Powell et al.  Chest 2015: 147: 295.



Is this nodule malignant?

Ost NEJM 348_2535
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Lung-RADS version 1 Nodule Management Algorithm for Screen Detected Nodules





Radiology: Volume 284: Number 1—July 2017 radiology.rsna.org





Molecular 
Biomarkers in 
Lung Cancer

• Risk Prediction

• Cancer Detection 

• Diagnosis

• Treatment



Biomarker categories, definitions, and clinical applications.
Biomarker 

Category

Biomarker Definition Study Definitions Clinical 

Applications

Example

Risk 

prediction

Biomarker assesses the probability of 

cancer developing and being diagnosed 

over time.

Target condition: Diagnosis of 

lung cancer after a defined 

period of time.

Target population: Individuals 

without symptoms, signs, or 

current imaging evidence of 

lung cancer.

Risk mitigation

Screening

BRCA2 mutation

Cancer 

detection

Cancer is present but has not been 

detected. The patient may or may not 

have symptoms; biomarker identifies 

the presence of cancer.

Target condition: Undetected 

lung cancer.

Target population: Individuals 

with or without symptoms or 

signs of the presence of lung 

cancer.

Screening

Symptom 

evaluation

Cologuard

Diagnosis A nodule, mass, or other imaging 

finding is known to be present but has 

not been diagnosed; biomarker 

assesses the probability that the finding 

is malignant.

Target condition: Indeterminate 

lung nodule, mass.

Target population: Individuals 

with abnormal  chest imaging.

Evaluation of  a 

lung nodule, 

mass, or other 

imaging finding

Percepta

Early CDT-Lung

Nodify XL2

Treatment A cancer is diagnosed; biomarker 

assesses prognosis or response to 

therapy

Target condition:

Lung Cancer

Target population:

Individuals with lung cancer 

diagnosis prior to treatment

Targeted therapy EGFR, ALK, ROS1, 

BRAF, NTRK, MET

RET

NGS

IHC: PD-L1

Adopted from: Mazzone, Sears. Powell, et al.  Standards for Evaluating Molecular Biomarkers of Lung 

Cancer Risk,  Early Detection, and Lung Nodule Management: When is the Biomarker Ready for Clinical Use?



Early CDT Lung

Serum Autoantibody Panel

• CAGE

• P53

• SOX-2

• NY-ESO-1

• GBU4-5

• HuD

• MAGE A4

▶ Sensitivity 41%, Specificity 87%

▶ Cost effectiveness: 8 – 30 mm nodules- $24,000 QALY

▶ Not yet evaluated in lung cancer screening cohorts

Ostrin EJ et al, 2020,10.1158/1055-9965



Percepta

• 23 gene-expression classifier 
improved the diagnostic 
performance of bronchoscopy 
for the detection of lung cancer.

• In intermediate-risk patients 
with a nondiagnostic 
bronchoscopic examination, a 
negative classifier score 
provides support for a more 
conservative diagnostic 
approach.

NEJM 2015; 373:243.



Nodify Xpresys Lung 2 : Blood Proteomic Assay

2 plasma proteins LG3BP and C163A and 5 Clinical Risk Factors
PANOPTIC 
685 patients with 6 – 30 mm nodules
Post Hoc Analysis of 178 patients with pre-test probability cancer < 50%

Sensitivity 97%, Specificity 44%, NPV 98%

CHEST 2018; 154(3):491-500



Evidence for a molecular biomarker to be considered 

clinically useful in the context of 

Lung nodule management 

To be considered clinically useful, a clinically validated molecular biomarker 

used to assist with lung nodule management must lead to:

▶ Earlier diagnosis of malignant nodules without substantially increasing the 

number of procedures for benign disease, or

▶ Fewer procedures for benign disease without substantially delaying the 

diagnosis of malignant nodules.

Mazzone, Sears., et al.  Standards for Evaluating Molecular Biomarkers of Lung Cancer Risk, 

Early Detection, and Lung Nodule Management: When is the Biomarker Ready for Clinical Use?



Molecular Biomarkers in Lung Cancer

1. Trial Design elements of Target Condition and Target 
Population are determined by Biomarker Category

2. Several Biomarkers have shown promising 
performance in clinical validation studies

3. Evidence for Clinical Utility Awaits outcomes of 
ongoing studies

Risk Prediction

Discovery
Analytical 
Validation

Clinical 
Validation

Clinical Utility

Early Detection Diagnosis

Pre-Analytical Analytical Post-Analytical



Biomarkers in Advanced 

Lung Cancer:

Targeted Therapy & 

Immunotherapy



Non–Small-Cell Lung-Cancer (NSCLC) Incidence, Incidence-Based Mortality, and Survival Trends 
among Men and Women.

Howlader N et al. N Engl J Med 2020;383:640-649



Major Genetic Changes in Lung Cancer

23



Sharma et al. Nature Reviews Cancer 7, 169–181; 2007

Lung Cancer Precision Medicine:   

EGFR Mutation Targeted Therapy

Response rate to TKI is 70% for EGFR mutant NSCLC

24



Mok T et al. N Engl J Med 2009

EGFR Mutation Status Predicts Response to Tyrosine 

Kinase Inhibitor Therapy- Progression Free Survival 

The iPass Trial

25





Targeted Therapy or Immunotherapy 

for Advanced Lung Cancer
Molecular Alteration Agent-First Line Therapy

EGFR Mutation Afatinib, Erlotinib, Dacomitinib, Osimertinib

ALK Rearrangement Alectinib, Brigatinib, Ceritinib, Crizotinib

ROS1 Rearrangement Ceritinib, Crizotinib, Entrectinib

BRAF V600E Mutation Dabrafenib + Trametinib

NTRK Gene Fusion Larotrectinib, Entrectinib

MET Exon 14 Mutation Capmatinib, Crizotinib

RET Rearrangement Selpercatinib, Pralsetinib, Cabozantinib

IMMUNOTHERAPY

PD-L1 > 50% Single Agent Pembrolizumab, Atezolizumab

PD-L1 > 1%

(TMB)

Pembrolizumab single agent or Combination regimens 

with Nivolumab, Atezolizumab, Ipilimumab + platinum 

based chemotherapy

NCCN Guidelines v 8.2020



ADUARA: Osimertinib in Resected 

EGFR- Mutated Early Stage NSCLC

• 682 Patients randomized to 

Osimertinib vs. Placebo following 

resection and adjuvant platinum-

based chemotherapy

• 76% Stage II-IIA and 26% IB 

patients received adjuvant therapy

• In the overall population, 89% of the 

patients in the osimertinib group and 

52% of those in the placebo group 

were alive and disease-free at 24 

months 

H.R. 0.20; 99.12% CI, 0.14 - 0.30; 

P<0.001.

Wu Y-L et al. N Engl J Med 2020;383:1711-1723



Selecting Patients for Targeted Therapy

Advanced Lung Carcinoma

PD-L1 IHC

Molecular Testing-Tumor

Next Generation Sequencing (NGS)

or

Sequential sequencing of targeted mutations, followed by NGS

Key: Patients  with targeted mutation in EGFR or ALK or BRAF respond better to 

targeted therapy compared to immunotherapy

Molecular Testing-Blood: 

2 FDA approved tests for use when tumor material is insufficient or 

inaccessible for molecular testing, Guardant approved for use as initial test for 

diagnosis.




