
W ith the advent of next-generation sequencing (NGS), molecular 

testing has substantially advanced the treatment paradigm 

and improved overall outcomes for oncogene-driven non-small cell 

lung cancer (NSCLC). However, universal molecular testing of the 

population of patients who may benefit has been limited by issues 

related to insurance coverage, long turnaround times with commercial 

platforms, and lack of adequate tissue for analysis. A recent stakeholder 

interchange from The American Journal of Managed Care® included 

practitioners from the academic and community oncology settings to 

discuss the role of molecular testing for treatment of NSCLC, evidence 

to support molecular testing for oncogenic drivers, practice-level 

challenges related to molecular testing, and opportunities to improve 

the utility of molecular testing. Joshua Bauml, MD of the Perelman 

School of Medicine at the University of Pennsylvania in Philadelphia, 

Pennsylvania, led this discussion.

ROLE OF MOLECULAR TESTING

Types of Biomarkers 
Biomarkers for lung and other types of cancer are generally classi-

fied as predictive, prognostic, or diagnostic. Predictive biomarkers 

predict the response to a therapeutic intervention (eg, KRAS-activating 

mutations predict resistance to EGFR-targeted therapy in colorectal 

cancer). Prognostic biomarkers provide information on the risk for 

a clinical outcome, including disease recurrence or progression; one 

example is the 21-gene recurrence score in breast cancer. Diagnostic 

biomarkers determine whether a patient has a specific condi-

tion (eg, measurement of stool DNA for surveillance of colorectal 

cancer).1 Most molecular testing for lung cancer currently focuses 

on biomarkers that predict response to targeted therapy with small 

molecule tyrosine kinase inhibitors (TKIs) or immunotherapy with 

PD-L1 checkpoint inhibitors. However, molecular testing continues 

to evolve to include other potentially targetable gene aberrations 

and to increase sensitivity to identify additional patients who may 

benefit from these therapies.2

Testing Modalities for Molecular Testing
The complexity of testing modalities for molecular profiling of tumors 

varies widely, from the detection of a single type of mutation in 1 gene 

to the detection of mutations across the entire genome. The most 

complex molecular profiling tests identify all major types of gene 

alterations simultaneously, including substitutions, duplications, 

insertions, deletions, indels, gene variations, and structural variants 

such as inversions and translocations.3

Testing for most genetic variants can be performed in a molecular 

genetics or molecular pathology laboratory certified by the Clinical 

Laboratory Improvement Amendments (CLIA) using technologies such 

as allele-specific polymerase chain reaction (PCR), Sanger dideoxy 

sequencing, pyrosequencing, multiplex ligation-dependent probe 

amplification, or mass spectrometry. Testing for gene copy number and 

structural variants generally involves fluorescence in situ hybridization 

and is performed in a separate CLIA-certified cytogenetics laboratory. 

Key advantages of these technologies include rapid turnaround time 

(usually a few days, or in some cases, a few weeks, depending on 

complexity of the assay) and the ability to identify predefined gene 

aberrations of interest. However, the range of mutations detected is 

relatively limited, and some tests, such as pyrosequencing and mass 

spectroscopy, require additional specific instrumentation.3

NGS technologies have vastly improved the efficiency and breadth 

of tumor molecular profiling and are increasingly used in the clinical 

setting. NGS technologies involve whole-genome sequencing (WGS), 

which analyzes protein-coding and noncoding regions, and whole-exome 

sequencing (WES), which analyzes all protein-coding regions in the 

human genome. While these can simultaneously identify alterations 

across the entire genome or exome, these types of NGS technologies 

are generally impractical for clinical use. Most genomic alterations 

found on WGS and WES are of unknown clinical significance and 

the depth of coverage is relatively low, which reduces the detection 

sensitivity for low-abundance mutations. WGS and WES may also 

detect non–tumor-specific germline variants associated with disease, 

and the clinical implications of many genomic alteration findings 

from WES are unclear.3

By contrast, NGS technologies that use custom panels are more 

practical for detecting gene alterations of interest in a clinical scenario 

because they amplify specific regions of interest prior to NGS. In the 

amplicon method, regions of interest are amplified by multiplexed PCR 

amplification, and these tests are custom-designed to identify muta-

tions in specific genes (typically 1-100). Tests using the hybridization 

capture method are designed to identify a larger number of mutations 

than the amplicon method (from 50 up to several thousand) and 
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 INDICATION
TAGRISSO is indicated for the first-line treatment of patients with metastatic non-small cell lung cancer (NSCLC) 
whose tumors have epidermal growth factor receptor (EGFR) exon 19 deletions or exon 21 L858R mutations, as 
detected by an FDA-approved test.

keratitis (such as eye inflammation, lacrimation, light 
sensitivity, blurred vision, eye pain and/or red eye) to 
an ophthalmologist

•  Postmarketing cases consistent with Stevens-
Johnson syndrome (SJS) and erythema multiforme 
major (EMM) have been reported in patients 
receiving TAGRISSO. Withhold TAGRISSO if SJS or 
EMM is suspected and permanently discontinue if 
confirmed

•  Verify pregnancy status of females of reproductive 
potential prior to initiating TAGRISSO. Advise 
pregnant women of the potential risk to a fetus. 
Advise females of reproductive potential to use 
effective contraception during treatment with 
TAGRISSO and for 6 weeks after the final dose. 
Advise males with female partners of reproductive 
potential to use effective contraception for 4 months 
after the final dose

FLAURA study design: Randomized, double-blind, active-controlled trial in 556 patients with metastatic EGFRm NSCLC who had not 
received prior systemic treatment for advanced disease. Patients were randomized 1:1 to either TAGRISSO (n=279; 80 mg orally, once daily) or 
EGFR-TKI comparator (n=277; gefitinib 250 mg or erlotinib 150 mg orally, once daily). All US patients in the comparator arm received erlotinib. 
Crossover was allowed for patients in the EGFR-TKI comparator arm at confirmed progression if positive for the EGFR T790M resistance 
mutation. Patients with CNS metastases not requiring steroids and with stable neurologic status were included in the study. The primary 
endpoint of the study was PFS based on investigator assessment (according to RECIST v1.1). Secondary endpoints included: OS, ORR, CNS  
PFS, and DoR.1, 3-5
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• There are no contraindications for TAGRISSO
•  Interstitial lung disease (ILD)/pneumonitis occurred in 
3.9% of the 1142 TAGRISSO-treated patients; 0.4% of 
cases were fatal. Withhold TAGRISSO and promptly 
investigate for ILD in patients who present with 
worsening of respiratory symptoms which may be 
indicative of ILD (eg, dyspnea, cough and fever). 
Permanently discontinue TAGRISSO if ILD is confirmed

•  Heart rate-corrected QT (QTc) interval prolongation 
occurred in TAGRISSO-treated patients. Of the 1142 
TAGRISSO-treated patients in clinical trials, 0.9% were 
found to have a QTc >500 msec, and 3.6% of patients 
had an increase from baseline QTc >60 msec. No 
QTc-related arrhythmias were reported. Conduct 
periodic monitoring with ECGs and electrolytes in 
patients with congenital long QTc syndrome, 
congestive heart failure, electrolyte abnormalities, or 
those who are taking medications known to prolong 

the QTc interval. Permanently discontinue TAGRISSO 
in patients who develop QTc interval prolongation 
with signs/symptoms of life-threatening arrhythmia

•  Cardiomyopathy occurred in 2.6% of the 1142 
TAGRISSO-treated patients; 0.1% of cardiomyopathy 
cases were fatal. A decline in left ventricular ejection 
fraction (LVEF) ≥10% from baseline and to <50% LVEF 
occurred in 3.9% of 908 patients who had baseline 
and at least one follow-up LVEF assessment.  
Conduct cardiac monitoring, including assessment 
of LVEF at baseline and during treatment, in patients 
with cardiac risk factors. Assess LVEF in patients who 
develop relevant cardiac signs or symptoms during 
treatment. For symptomatic congestive heart failure, 
permanently discontinue TAGRISSO

•  Keratitis was reported in 0.7% of 1142 patients treated 
with TAGRISSO in clinical trials. Promptly refer 
patients with signs and symptoms suggestive of 
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•  At 3 years, 54% of TAGRISSO patients and 44% of erlotinib/gefitinib 
patients were still alive2

CHECK OUT THESE
IN METASTATIC EGFRm NSCLC  

FIRST-LINE TAGRISSO DELIVERS

TAGRISSO is a registered trademark of the AstraZeneca group  
of companies. ©2020 AstraZeneca. All rights reserved. US-39236 4/20

Median OS

38.6 vs 31.8
MEDIAN OVERALL SURVIVAL  
BEYOND 3 YEARS

18.9 vs  10.2
Median PFS

months for TAGRISSO vs erlotinib/gefitinib1

HR=0.46 (95% CI: 0.37, 0.57); P<0.0001
months for TAGRISSO vs erlotinib/gefitinib2

HR=0.799 (95.05% CI: 0.641, 0.997); P=0.0462

MEDIAN PROGRESSION-FREE  
SURVIVAL NEARLY DOUBLED

•  Most common adverse reactions (≥20%) were 
diarrhea, rash, dry skin, nail toxicity, stomatitis,  
fatigue and decreased appetite
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involves hybridization of genomic DNA fragments 

to sequence-specific capture probes that correspond 

to target regions of the genome.3

NGS that uses customized panels can be designed 

to have a high depth of coverage, which enables 

detection of low-abundance mutations. However, 

an extremely high level of sensitivity may detect 

low-level mutations that are clinically insignifi-

cant or unknown, and some NGS platforms have 

platform-specific articles such as false-positive 

insertions, deletions, and indel calls. Therefore, 

optimizing the bioinformatics analysis is essential 

to ensure identification of clinically relevant vari-

ants.  Furthermore, turnaround time for tests can 

range from several days to weeks depending on 

the complexity of the assay, although a stakeholder 

noted that the turnaround times offered by many 

commercial platforms have decreased as the competi-

tion in the NGS space has increased.3

Digital droplet PCR (ddPCR) and BEAMing (beads, 

emulsification, amplification, and magnetics) are 

used to detect known mutations in circulating 

tumor DNA (ctDNA). The ddPCR method involves 

isolation of cell-free DNA (cfDNA) from the blood 

plasma, followed by mixing extracted DNA with 

PCR reaction mechanisms, primers for genes of 

interest, and fluorescent hydrolysis probes that 

target mutation (or wild-type) sequences. The 

mixture is emulsified into droplets, with each 

droplet containing the PCR reagents, probes, and 

1 copy of template DNA. Emulsion PCR is performed, 

during which hydrolysis of the probes releases the 

fluorophores. The post-PCR sample is reinjected, 

followed by measurement of the fluorescence of 

individual droplets.4 Multiplex readouts that use 

fluorescence color and intensity have also been 

developed to simultaneously detect multiple targets 

of a single base extension assay.3

BEAMing involves extraction of cfDNA from 

blood plasma and use of PCR to pre-amplify the 

gene of interest using specific primers attached to 

tag sequences. Beads coated with primers that target 

the tag sequences are mixed with the amplified DNA, 

and emulsion PCR is performed, resulting in each 

emulsion droplet containing a bead coated with 

thousands of copies of the original DNA molecule. 

Fluorescent probes for mutations of interest are 

hybridized to the amplified DNA, and detection is 

performed using magnetic flow recovery methods. 

Although both ctDNA-based tests have a short turn-

around time and high sensitivity and specificity, 

ddPCR and BEAMing are limited in that they can 

detect only a limited number of mutations per assay 

and cannot detect all types of gene aberrations.3

RNA-based NGS Techniques: 
Improving Identification of Targetable 
Kinase Fusions in Lung Cancer
Despite the significant progress made in molecular 

testing with NGS technologies, DNA-based NGS assays 

have limited capabilities for identifying targetable 

kinase fusions. Large-panel, hybrid capture–based 

NGS assays are able to detect only gene fusions that 

occur in short introns, because coverage of long 

introns compromises coverage of the remaining 

genes on the panel. Additionally, introns may have 

repetitive sequence elements that are also present 

in other parts of the genome, and short-read NGS is 

unable to uniquely map these reads. This leads to gaps 

in coverage of some introns and blind spots in identi-

fication of rearrangement breakpoints. Furthermore, 

a rearrangement detected in DNA sequencing assays 

may not necessarily lead to a fusion at the RNA level.5

RNA-based NGS panels have been investigated 

as an additional tool to overcome some of the 

limitations of DNA-based testing. A retrospec-

tive sequencing analysis evaluated a customized 

RNA-based sequencing panel, which targeted 

exons in 62 genes that are known to be involved 

in chromosomal rearrangements, to determine if 

RNA-based sequencing could identify additional 

targetable kinase fusions in tumor samples from 

patients with lung adenocarcinoma previously 

profiled by DNA sequencing.5  Of the 232 successfully 

sequenced samples, 196 samples remained driver 

negative by both DNA and RNA sequencing; 36 tested 

positive for a mitogenic driver alteration. Of these 

36 samples, 33 had actionable in-frame fusions, and 

the gene fusion recognized a diverse collection of 

fusion partners, some previously undetected in lung 

adenocarcinoma, highlighting the possibility of 

RNA-based NGS to detect a larger variety of potentially 

targetable gene fusions and rearrangements.5 One 

stakeholder stated that all patients with metastatic, 

nonsquamous NSCLC at his academic institution 

receive a DNA-based NGS profile and an RNA-based 

fusion panel, and that the RNA-based panel has 

caught a couple of cases of ALK-rearranged NSCLC 

that were not detected on DNA-based NGS. However, 

other stakeholders noted that RNA-based panels are 

not available from all companies, and the selection 

of the NGS testing is often dictated by which test is 

covered by the patient’s insurance, particularly in 

community-based practices. C
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Recommendations for Molecular Testing in NSCLC
The most recently updated National Comprehensive Cancer Network 

(NCCN) guidelines for NSCLC recommend broad molecular testing for 

gene alterations known to affect therapeutic selection.2  The minimum 

testing recommended includes testing for EGFR mutations, ALK 

rearrangements, ROS1 rearrangements, BRAF point mutations, 

KRAS point mutations, NTRK gene fusions, and PD-L1 status.2 The 

guidelines also advise testing for other emerging biomarkers for 

which targeted therapy could be effective for metastatic disease, 

including high-level MET amplification or MET exon 14 skipping 

mutation, RET rearrangements, ERBB2 (ie, HER2) mutations, and 

tumor mutational burden.2 The guidelines also recommend that 

when possible, molecular testing should be performed in a broad, 

panel-based approach, typically by NGS, and that RNA-based NGS 

should be considered to maximize detection of fusion events for 

patients (particularly never smokers) who do not have identifiable 

driver oncogenes on DNA-based NGS.2

The NCCN guidelines recommend molecular testing only for 

patients with advanced or metastatic NSCLC, and the stakeholders 

agreed that the testing is most useful for stage IV disease and possibly 

for stage III disease that is too extensive for chemoradiation therapy 

alone.2 However, they also discussed the potential value of upfront 

testing for patients with stage II and less-extensive stage III disease 

to identify potential treatment targets ahead of time, in case the 

patient develops stage IV disease.

VALUE OF TESTING: ONCOGENIC DRIVERS 
AND TARGETED THERAPIES

Molecular testing has been instrumental in the identification of 

oncogenic drivers of NSCLC and the development of targeted therapies 

for these drivers, providing additional therapeutic options beyond 

chemotherapy or radiation therapy for patients with advanced or 

metastatic NSCLC that harbors a targetable mutation. The most 

common oncogenic drivers for which targeted therapies are avail-

able include EGFR-activating mutations, ALK rearrangements, ROS1 

rearrangements, BRAF point mutations, and NTRK gene fusions.2  

(No targeted therapies have been shown to be effective against KRAS 

point mutations, the most common oncogenic driver mutation in 

NSCLC, although some data indicate that KRAS-mutated disease is 

associated with poorer response rate to chemotherapy and shorter 

progression-free survival [PFS] and overall survival [OS] in NSCLC 

compared with KRAS wild-type disease).6

EGFR
Results from the IPASS trial published in 2009 showed that, compared 

with chemotherapy, the EGFR TKI gefitinib was associated with a 

significantly longer PFS in the subgroup of patients with EGFR muta-

tion–positive disease and significantly shorter PFS in the subgroup 

with EGFR mutation–negative disease.7  These findings introduced 

the concept of using molecular testing to identify mutational status. 

Subsequent trials showed improvements in PFS over chemotherapy 

with the first-generation EGFR TKIs gefitinib8-10 and erlotinib11-13 and 

the second-generation EGFR TKI afatinib.14,15

The third-generation EGFR TKI osimertinib was shown to signifi-

cantly improve PFS over platinum/pemetrexed in patients with 

T790M-positive advanced NSCLC after progression on first-line EGFR 

TKI therapy.16 Additionally, results from the FLAURA trial showed that 

frontline osimertinib was associated with a significant improvements 

in duration of response17 and OS18 compared with first-generation 

EGFR TKI therapy (gefitinib or erlotinib) in patients with untreated, 

advanced, EGFR mutation–positive NSCLC. Osimertinib has also 

demonstrated stronger central nervous system (CNS) activity than 

its first-generation counterparts, further strengthening its role in the 

frontline setting. A primary analysis of the FLAURA trial showed a 

significantly higher objective response rate with osimertinib than 

with a first-generation EGFR TKI in the full-analysis set (66% vs 43%; 

P = .011).19 Additionally, 23% of the patients who received osimertinib 

had a complete CNS response, versus 0% of the patients who received 

a comparator TKI.19

The stakeholders noted that the high CNS activity of osimertinib 

(and other newer-generation TKIs for other targets) may have particular 

clinical relevance for patients with oligometastasis in the brain. One 

stakeholder referred to a couple of specific cases in his practice in 

which patients with oligometastatic EGFR-mutated NSCLC that had 

spread to the CNS were able to avoid radiation therapy or surgical 

resection with upfront osimertinib. He also noted that progression 

in the CNS generally did not occur even though disease progression 

eventually did occur with osimertinib as the tumor developed resistance.

ALK
Over the past decade, molecularly targeted therapy has also substantially 

improved outcomes for patients with advanced or metastatic NSCLC 

with an ALK rearrangement. Crizotinib was approved based on results 

from an open-label phase 3 trial showing a significantly improved 

objective response rate and median duration of response with 

first-line crizotinib compared with chemotherapy in patients with 

ALK-positive, advanced nonsquamous NSCLC.20 However, subsequent 

studies showed significant improvements in PFS and CNS response 

rate with alectinib21 and brigatinib22 compared with crizotinib in the 

frontline setting. C
ov

er
 Im

ag
e 

©
 D

es
ig

n 
C

el
ls

 /
 A

do
be

 S
to

ck
 /

 M
od

ifi
ed

 b
y 

Ju
lia

nn
e 

C
os

te
llo

The high CNS activity of osimertinib 
(and other newer-generation TKIs 
for other targets) may have particular 
clinical relevance for patients with 
oligometastasis in the brain.



6

Lorlatinib is a third-generation TKI targeting ALK and ROS1 that was 

structurally designed to penetrate the blood–brain barrier, to target ALK 

resistance mutations that may develop after treatment with first- and 

second-generation ALK TKIs. However, lorlatinib also demonstrated 

activity in the frontline setting in a subgroup analysis of a phase 2 trial, 

with an objective response observed in 27 of 30 patients (90%) with 

treatment-naïve, ALK-rearranged NSCLC.23 Among patients who had 

previously received 1 or more ALK TKIs with or without chemotherapy, 

the objective response rate was 47%, and the intracranial objective 

response rate was 63% of those patients with CNS metastases at baseline.23  

A phase 3 trial (NCT03052608) comparing lorlatinib and crizotinib in 

the frontline setting is currently ongoing and may further support a 

role for lorlatinib as first-line therapy for ALK-rearranged NSCLC.23

ROS1
Crizotinib also targets ROS1 and has shown efficacy in ROS1-rearranged 

disease. A phase 1 study showed that crizotinib led to an overall 

response rate of 72% and a median duration of response of 17.6 months 

in patients with advanced ROS1-rearranged NSCLC.24  These findings 

prompted the FDA approval of crizotinib in 2016 for ROS1-rearranged 

advanced NSCLC.25

However, the stakeholders suggested that entrectinib, an inhibitor 

of ROS1, TRKA/B/C, and ALK, may be a better option than crizotinib 

because of its strong CNS activity.26,27 A combined analysis of the 

phase 1 ALKA-372-001 and STARTRK-1 trials assessed responses 

to entrectinib in a “phase 2-eligible population,” which included 

25 patients with an advanced solid tumor harboring a gene fusion 

in NTRK1/2/3, ROS1, or ALK. An overall response rate of 86% was 

observed in the group of patients with ROS1-rearranged tumors 

(n = 14; 13 patients with NSCLC and 1 patient with melanoma).27  Of the 

8 patients with primary or metastatic disease that involved the brain 

prior to entrectinib treatment, 5 patients (including 2 patients with 

ROS1-rearranged NSCLC) had a CNS response.27

Responses were also durable, with a median duration of response 

of 17.4 months for ROS1- and ALK-rearranged tumors.27  An updated 

analysis of this study population, presented at the International 

Association for the Study of Lung Cancer’s 18th World Conference on 

Lung Cancer, showed that 24 of 32 patients (75%) with treatment-naïve 

ROS1-rearranged NSCLC had an objective response to entrectinib, and 

5 of 7 patients (71%) with evaluable CNS lesions had RECIST intracra-

nial responses as evaluated by blinded independent central review.28  

Based on these data, the FDA approved entrectinib for treatment of 

adult patients with metastatic ROS1-rearranged metastatic NSCLC.29

In addition to its efficacy in ALK-rearranged NSCLC, lorlatinib has 

also demonstrated promising outcomes in TKI-naïve and -exposed 

patients with ROS1-rearranged disease as well as in patients with CNS 

metastases. An open-label, phase 1/2 trial of lorlatinib in patients 

with advanced, ROS1-rearranged NSCLC demonstrated an objective 

response in 13 of 21 (62%) and 14 of 40 (35%) patients with TKI-naïve 

and crizotinib-treated disease, respectively.26  Intracranial responses 

to lorlatinib were observed in 7 of 11 (64%) of TKI-naïve patients and 

12 of 24 (50%) patients with prior exposure to crizotinib.26

However, a stakeholder mentioned that repotrectinib (TPX-0005), 

a next-generation TKI with activity against ROS1, TRK1/2/3, and ALK, 

is the only TKI active against the most common mechanism of resistance 

in ROS1 translocation and could target resistance mutations to ROS1 TKIs, 

much like osimertinib targets the EGFR T790M resistance mutation. 

A preclinical study showed that repotrectinib had potent activity in 

Ba/F3 cells expressing fusion proteins with solvent-front substitution 

mutations in ROS1 that commonly occur after exposure to crizotinib 

(ROS1 G2032Rand ROS D2033N), and these cells demonstrated resistance 

to crizotinib, entrectinib, ceritinib, brigatinib, and ensartinib.30  The 

study also showed that reprotrectinib led to tumor regression in SCID/

beige mice bearing Ba/F3 CD74-ROS1 wild-type or CD74-ROS1 G2032R 

xenograft tumors, and a female patient with CD74-ROS1 G2032R NSCLC 

who had progressed on crizotinib had a confirmed partial response 

(duration of 7.4 months) and CNS response (duration of 9 months) 

with reprotrectinib.30 A first in-human dose-escalation phase 1/2 

clinical trial (NCT03093116) is currently studying reprotrectinib in 

patients with advanced solid tumors that harbor an ALK, ROS1, or 

NTRK1/2/3 rearrangement.30,31

BRAF
The BRAF V600E point mutation accounts for more than half of BRAF 

point mutations in NSCLC, and it has been shown to be independently 

associated with shorter median disease-free survival and OS in NSCLC 

(non-V600E mutations in BRAF were not shown to be associated with 

reduced survival).32 Thus, finding effective therapies that target the 

BRAF V600E mutation has been of interest to improve outcomes in 

these patients. However, studies have shown modest outcomes with 

single-agent BRAF-targeted therapies, with confirmed response rates of 

37% to 45% and median PFS of 5.2 to 6.5 months with vemurafenib33,34 

and an overall response rate and median PFS of 33% and 5.5 months, 

respectively, with dabrafenib.35

However, the stakeholders noted that the addition of trametinib, 

a MEK inhibitor, to dabrafenib likely results in numerically better 

response rates and longer median PFS. A phase 2 trial showed an 

overall response rate of 63.2% and median PFS of 9.7 months with 

dabrafenib plus trametinib in previously treated patients with BRAF 

V600E–mutated NSCLC,36 and an overall response rate of 64% and 

median PFS of 10.9 months in the cohort of untreated patients with 

BRAF V600E–mutated NSCLC.37

NTRK
The combined results from the ALKA-372-001 and STARTRK-1 trials 

showed that 3 patients (1 each diagnosed with NSCLC, mammary 

analogue secretory carcinoma, and colorectal cancer) with NTRK1/2/3 

gene fusions responded to entrectinib, and a patient with SQSTM1-

NTRK–rearranged NSCLC and 15 to 20 brain metastases at baseline 

achieved a complete intracranial response that was ongoing 15 months 

later at the data cutoff date.27 Additionally, combined data from the 

ALKA372001, STARTRK-1, and STARTRK-2 trials that focused on a 

cohort of 10 patients with NSCLC showed an overall response rate 

of 70% and an intracranial response in 4 of the 6 patients with CNS 
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metastases at baseline.38 Larotrectinib, an inhibitor of TRK1/2/3, also 

led to reductions in tumor burden in all 8 patients with NTRK gene 

fusions (including 1 patient with NSCLC) in a study of patients with 

metastatic solid tumors refractory to standard therapies.39  Based on 

these studies, larotrectinib and entrectinib have been approved by 

the FDA for adult and pediatric patients with any tumor harboring 

an NTRK gene fusion with no known resistance mutation, metastatic 

disease or disease in which surgical resection is predicted to cause 

severe morbidity, and progression following treatment or where no 

satisfactory standard therapy exists.29,40

ctDNA AND LIQUID BIOPSY

While molecular testing of tumor tissue provides valuable information 

about potential therapies, the stakeholders noted that they are unable 

to obtain adequate tissue samples from “a significant proportion” of 

patients in their respective practices. Obtaining adequate DNA from 

tissue samples can be challenging, particularly from metastatic sites, 

and assessing the dynamic changes in molecular characteristics of 

tumors over time (eg, from the up-front to metastatic setting) in serial 

tissue biopsies is often impractical. Therefore, ctDNA in liquid biopsies 

may provide a more convenient, minimally invasive way to assess for 

clinically actionable mutations and tumor behavior in a serial fashion. 

A prospective cohort study included patients with metastatic 

NSCLC who underwent plasma testing as part of their clinical manage-

ment. Plasma NGS was accomplished using a 73-gene commercial 

platform, and 128 of 323 patients had adequate tissue DNA that was 

obtained within 24 weeks of the plasma sample. The concordance rate 

between tissue and plasma NGS was 81.3%. Therapeutically targetable 

mutations were identified in 113 patients (35.0%), and the mutation 

was detected in the plasma only for 66 (58.4%) of those patients (8 

patients had negative concurrent tissue results). In addition, 31 of 94 

(33.0%) of patients who had plasma NGS only (at the discretion of the 

treating physician or due to patient preference) had a therapeutically 

targetable mutation and were able to avoid an invasive biopsy.41

Furthermore, 67 patients were given targeted therapy based on 

results of plasma NGS alone or concurrent plasma and tissue NGS, 

and of the 42 patients evaluable by RECIST, 36 achieved complete 

response (n = 1), partial response (n = 19), or stable disease (n = 16).41 The 

stakeholders concluded that these results indicate that plasma-based 

NGS could predict the efficacy of targeted therapy across multiple 

targetable mutations, including EGFR, ALK, and BRAF.

Another prospective study obtained pretreatment blood samples 

for comprehensive cfDNA analysis from 282 patients with newly 

diagnosed metastatic NSCLC who were undergoing physician-

directed, standard-of-care tissue genotyping. The primary objective 

of the study was to demonstrate noninferiority of the cfDNA-based 

genotyping, compared with tissue-based methods, to identify 

guideline-recommended biomarkers in patients with untreated 

metastatic NSCLC. The results showed that comprehensive cfDNA NGS 

identified 1 of the 8 guideline-recommended biomarkers in 77 patients, 

whereas the tissue-based NGS identified these biomarkers in only 60 

patients (P <.0001 for noninferiority).  The study also found that using 

cfDNA in addition to tissue-based testing increased detection of the 

guideline-recommended biomarkers by 48%, including in cases with 

“negative,” “not assessed,” or “insufficient quantity of tissue” results.  

A comparison of the incremental addition of each test showed that 

using cfDNA genotyping as the primary test would have recognized 

87% of the 89 patients with a guideline-recommended biomarker, 

with the outstanding 13% identified with reflex tissue-based testing. 

By contrast, using tissue-based genotyping as the primary modality 

would have identified 67% of the 89 patients, with the remaining 

33% identified with reflex cfDNA testing. Furthermore, the mean 

turnaround time was significantly shorter with cfDNA testing than 

with tissue genotyping (9 days vs 15 days; P < .0001).42

According to the stakeholders the study suggests that performing 

the plasma NGS early could identify a greater proportion of therapeuti-

cally relevant molecular targets than tissue-based NGS, particularly 

in cases in which the tissue biopsy is inadequate or the patient has 

already undergone tissue testing at another institution and is seeking a 

second opinion. Although the NCCN guidelines state that plasma cfDNA 

testing should not be used in place of a histologic tissue diagnosis, 

they state that it can be considered in specific circumstances, such 

as for patients medically unfit for invasive tumor sampling and in 

the initial diagnostic setting for patients who do not have sufficient 

tissue for molecular analysis after pathologic confirmation of NSCLC.2

Limitations of Liquid Biopsy–Based Molecular Testing
However, cfDNA-based NGS currently has some shortcomings. The 

cfDNA-based method is less sensitive than tissue-based methods 

for detecting mutations and thus cannot be used alone to rule out 

the presence of a molecular alteration. Additionally, the recent 

development of multiple commercial-based plasma platforms has 

introduced issues such as a lack of standardization of preanalytic 

workflows and analytic validations across assays; even a test that is 

analytically validated with reproducible results is not guaranteed to 

be clinically valid or useful.2

Furthermore, the stakeholders explained that cfDNA in liquid 

biopsies may originate from sources other than the tumor, such as white 

blood cells, germline, fetal, post organ transplantation, or concomitant 

malignancies. Clonal hematopoiesis of indeterminate potential 

(CHIP) may be a particularly significant barrier to the optimization 

Clonal hematopoiesis of indeterminate 
potential (CHIP) may be a particularly 
significant barrier to the optimization 
of cfDNA-based testing.
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of cfDNA-based testing. CHIP occurs as a result of the acquisition 

of somatic mutations that drive clonal expansion of hematopoietic 

stem cells over an individual’s lifetime.2 The stakeholders explained 

that although CHIP is not a major issue for most of the key targetable 

mutations in NSCLC, KRAS mutations can originate from CHIP, and 

detection of a KRAS mutation on a cfDNA-based assay does not reliably 

indicate that the lung tumor has this mutation. They added that 

sequencing the white blood cells in addition to the plasma sample 

could help identify the origin of the cfDNA, and a liquid biopsy 

purveyor that chooses to employ this with their samples would have 

a key advantage over its commercial competitors. 

Despite their convenience and noninvasiveness, many of the 

stakeholders in the exchange use liquid biopsies only as a backup 

method, when the tissue biopsy is inadequate. Some stakeholders 

also said that they may consider using liquid biopsies to identify 

resistance mutations for patients on targeted therapy, although 

one panelist noted that the sensitivity can vary based on the test 

used, population evaluated, and size and location of the metastases. 

PRACTICE-LEVEL CHALLENGES AND 
UNMET NEEDS

In the last part of the interchange, the stakeholders discussed key 

practice-level challenges that may prevent the implementation of 

molecular testing in clinical practice. They focused on 2 studies 

that indicate the lack of education about molecular testing among 

community and academic oncologists in the United States. 

Data from the National Survey of Precision Medicine in Cancer 

Treatment, which was distributed to a nationally representative 

sample of oncologists in 2017, showed that 75.6% of oncologists 

reported using NGS tests in the past 12 months to influence treatment 

decisions, with higher rates of use reported among younger physi-

cians as well as among those oncologists with a faculty appointment, 

access to a tumor board, or training in genomics, or who see fewer 

than 50 patients per month with cancer. Use of NGS tests to guide use 

of an FDA-approved therapy and to determine eligibility for clinical 

trials were reported in 33.5% and 29.1% of oncologists, respectively.43 

Although the stakeholders perceived the rates of use to be lower than 

expected, they pointed out that some patients in oncology practices 

are not eligible for treatment (and would thus likely not receive 

molecular testing) or have histories (eg, heavy smoking) that suggest 

a low probability of oncogene-driven NSCLC, thereby reducing the 

clinical utility of molecular testing. 

Another study that used polls from audience response systems at 

case-based research events and chart reviews to evaluate community 

and academic oncologists, respectively. The study data showed that 

molecular profiling was ordered by 33% of community- and 74% of 

academic-based oncologists. In this poll community oncologists 

marked unknown or incorrectly matched the molecular alteration 

to the targeted therapy in up to 69% of cases, which “reflects a large 

knowledge gap among community oncologists with regard to the 

correct application of molecular profiling to current FDA-approved 

targeted therapies,” according to the study authors.44 However, the 

stakeholders pointed out that these results likely do not reflect what 

occurs in clinical practice, because oncologists would typically check 

resources, such as the NCCN guidelines, Up-to-Date, or another 

reputable online source, to guide management decisions if necessary. 

CLOSING REMARKS/CONCLUSIONS

At the end of the interchange, the stakeholders concluded that 

molecular testing has been key in the dramatic shift in the ability 

to target a patient’s disease and personalize care. Moving forward, 

they stated that clarifying the optimal role for RNA-based NGS 

and reflex testing with liquid and tissue biopsies, identifying the 

appropriate sequence of molecularly targeted therapies, and expanding 

accessibility of molecular testing to more patients who may benefit 

will be instrumental in improving patient care. •
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