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Abstract 
Lung cancer is the leading cause of cancer-related deaths in the United 
States. The 5-year survival rates are poor with traditional therapy alone. 
New scientific advances in technology involving the human genome, 
including diagnostic tools to inform on tumor-derived acquired (so-
matic) mutations that drive cancer formation, are essential to utilize. 
Targeting cancer cells paired with actionable drugs to shut off growth 
pathways has significantly improved patient survival. Obtaining muta-
tional analysis can be performed via traditional methods such as tis-
sue; new advances allow comparable information obtained through 
liquid biopsy to inform targeted treatment decision-making. Getting 
tissue for additional molecular analysis can pose several challenges for 
patients. Liquid biopsy is a minimally invasive test (typically blood) 
analyzed by next-generation sequencing for tumor shed to obtain ac-
tionable information for treatment decisions. Analyses between blood 
and tissue consistently yield high concordance, with liquid biopsy pro-
viding faster turnaround time for results than tissue. The utility of liquid 
biopsy is well proven but not standardized and cannot diagnose lung 
cancer histopathology, which requires a tissue diagnosis.

The National Cancer Insti-
tute Surveillance, Epide-
miology, and End Results 
(SEER) data estimate 

130,180 lung cancer deaths in the 
United States in 2022. The Ameri-
can Cancer Society estimates ap-
proximately 236,740 new lung can-
cer cases in 2022. Approximately 
85% of these cases will be non–small 
cell lung cancer (NSCLC). The cur-
rent 5-year survival rate of advanced 

NSCLC is about 22% (ASCO, 2022). 
Several factors that can affect the 
survival rate include tumor pathol-
ogy type, comorbid medical condi-
tions, and smoking history. 

Historically, to diagnose cancer, 
a tissue biopsy sample must be ob-
tained and confirmed by a patholo-
gist for tumor primary and histologic 
type. It is also now standard to test 
for molecular biomarkers. Using 
this same tissue, molecular genomic J Adv Pract Oncol 2022;13(8):790–795
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analysis is performed separately. Recently, liquid 
biopsies have become commercially available to 
obtain similar genotyping data as the tissue-based 
approach for molecular analysis. Liquid biopsy is 
the fluid extraction (typically blood) sent for diag-
nostic testing to obtain genomic alterations from 
the tumor shed. Since the Human Genome Proj-
ect was completed in 2003, molecular genetic re-
search companies have been able to identify and 
interrogate targetable mutations on tumor cells 
that elicit molecular abnormalities resulting from 
cancer cell formation. Currently, in academic and 
commercial settings, methods for evaluating can-
cer cells are still not standardized. However, a per-
sonalized medicine approach to target a drug to a 
somatic (acquired) mutation is now the standard 
of care. 

CLINICAL SIGNIFICANCE 
Many patients with newly diagnosed or progres-
sive lung cancers are advanced in age, have co-
morbid medical conditions (such as chronic ob-
structive pulmonary disease or emphysema), are 
immune compromised, or have surgical access 
issues secondary to COVID-19. The ability to ob-
tain and analyze tissue specimens to accurately di-
agnose and treat patients with a newly diagnosed 
NSCLC can be complicated and time-consuming, 
requiring input from multiple medical subspecial-
ties. Timely and accurate diagnosis and treatment 
can improve outcomes in patients with advanced 
cancers. The standard of care for the diagnosis of 
NSCLC has been through surgical methods to ob-
tain tissue for histopathologic diagnosis. Several 
barriers to tissue testing include the procedure’s 
invasiveness with related complications, insuf-
ficient DNA or tissue volume, deteriorated DNA 
quality (Sone, 2020), and time-consuming patho-
logical analysis of tissue specimens (Hyun et al., 
2016). Obtaining a sample through this method 
represents a snapshot of the tumor cells at one 
point in time. 

A liquid biopsy analyzes cancer-derived ma-
terials from various body fluids, is minimally in-
vasive, can pick up low levels of tumor shed, has 
FDA approval to inform treatment decisions in 
the newly diagnosed setting, and can inform the 
treatment of new resistance mutations upon pro-
gression without the need for additional biopsies. 

Liquid biopsy can now be used to provide prog-
nostication and inform treatment decisions from 
genomic alterations in the bloodstream (Siravegna 
et al., 2017). We know that there is a clonal evolu-
tion to cancer cells over the lifetime of the disease; 
therefore, liquid biopsy is more practical for real-
time monitoring of disease progression than tissue 
biopsy (Hyun et al., 2016). This minimally invasive 
test, typically a blood draw in an office, can be per-
formed serially to monitor the disease process’s 
clonal evolution, which guides treatment deci-
sions. Despite the lack of standardization methods 
in academic and commercial settings, there are 
several accurate ways to extract the same infor-
mation obtained by tissue.

DISCUSSION 
Diagnosis 
The three main types of non–small cell histopa-
thology include squamous cell carcinoma, adeno-
carcinoma, and bronchoalveolar carcinoma, with 
the first two making up the majority of lung cancer 
types. Tissue biopsy is sent to the pathologist, who 
evaluates the tissue through a method called im-
munohistochemical staining (Yatabe et al., 2019). 
Immunohistochemical staining can determine the 
histopathologic type. The tissue is then sent for 
molecular diagnostic testing, called genotyping, 
through techniques like NGS or PCR hotspot testing. 

The College of American Pathologists (CAP), 
the International Association for the Study of Lung 
Cancer (IASLC), and the Association for Molecular 
Pathology (AMP) regulate the industry’s pathology 
and molecular testing guidelines. The American 
Society of Clinical Oncology (ASCO) and the Na-
tional Comprehensive Cancer Network (NCCN) 
endorse the CAP/IASLC/AMP guidelines. In 2018, 
the NCCN Guidelines were updated to include liq-
uid biopsy testing, preferably by NGS methodology, 
where tissue testing is unavailable. 

Tissue Insufficiency 
There may be some downsides to tissue biopsies 
for diagnostic workup. Hagemann and colleagues 
(2015) revealed that of 209 samples obtained, 
only 55% could be genotyped after histopatho-
logic diagnosis was made. An excisional biopsy 
had the highest yield of 95%, an endoscopic bi-
opsy rendered 66% evaluation, and a core biopsy 
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only 40%. Schneider and colleagues (2015) com-
piled 52 core needle biopsies (CNB) and 120 fine 
needle aspirate (FNA) specimens. They revealed 
that the CNB specimens yielded a significantly 
higher number of samples sufficient for molec-
ular testing than FNA specimens, 67% vs. 46%, 
respectively. Various tumors express intratumor 
heterogeneity; if different parts of the tumor 
show variations in genetic expressions, a single 
tissue biopsy may not obtain all alterations with-
in a tumor (Burrell et al., 2013). In their database 
search of biopsy procedures, Heerink and col-
leagues (2017) found that the rate of minor com-
plications for CNB and FNA biopsies was 38.8% 
and 24.0%, respectively. A disadvantage to these 
diagnostic yields is that an additional biopsy is 
warranted if a lack of tissue or non-diagnostic 
tissue is obtained. 

Unmet Need 
Given the factors that affect lung cancer patients 
and the challenges facing them, a one-size-fits-
all diagnostic algorithm is untenable. The NCCN 
supports the diagnostic workup for advanced 
NSCLC to include testing for molecular biomark-
ers. The NCCN is careful to remind clinicians 
that biomarker testing cannot be used as a sur-
rogate for obtaining a histopathologic diagnosis 
(NCCN, 2021). The NCCN Guidelines recognize 
plasma cell-free DNA (cfDNA) testing in patients 
unfit for additional tissue testing in newly di-
agnosed patients when insufficient material for 
molecular analysis is available. The NCCN also 
recognizes the need for testing upon progres-
sion, where the original biopsy did not derive a 
molecular biomarker.

Treatment 
Two separate specimens are required for adequate 
diagnostic workup of advanced NSCLC, the first 
looking for the histopathologic type and the lat-
ter looking for molecular and immune biomark-
ers, such as EGFR, ALK, RET, MET, BRAF, NTRK, 
ROS1, ERBB2,  KRAS, and PD-L1. These specific 
biomarkers are NCCN endorsed and have single 
actionable drugs or dual-drug combinations that 
can target the abnormal gene mutation. Currently, 
there are 23 oral tyrosine kinase inhibitors (TKIs) 
and two intravenous antibody-related therapies 

that have FDA approvals in either the front-line 
or second-line treatment setting for advanced 
NSCLC. Over 50% of NSCLC patients have identi-
fiable mutations (Vu & Patel, 2019). If an actionable 
target is not identified, patients are candidates for 
standard-of-care therapy, including chemothera-
py with or without an immune checkpoint inhibi-
tor (which requires PD-L1 analysis) or anti–VEGF 
treatment. If a driver mutation is found, median 
overall survival response rates for targeted thera-
py range from 38 to 62 months (Ramalingam et al., 
2020; Gettinger et al., 2016). Otherwise, without a 
mutation, the response to traditional chemothera-
py for advanced disease is a median of 11.1 months 
with first-line treatment (Simeone et al., 2019). 

The role of targeted therapy is continuing to 
expand outside the metastatic setting. Osimertinib 
(Tagrisso), initially approved for EGFR-mutant 
metastatic NSCLC, is now the first oral biomark-
er therapy used in the adjuvant setting based on 
results from the ADAURA trial. The trial results 
showed that osimertinib significantly increased 
disease-free survival in stage II to IIIA NSCLC pa-
tients treated with this drug compared with pla-
cebo (Wu et al., 2020). 

The newest advanced-stage FDA approvals in-
clude therapies that target KRAS, EGFR exon 20 
insertion, and ERBB2 mutations. KRAS is seen in 
up to approximately 33% of all NSCLC cases and 
was recently approved by the FDA in patients 
with a KRAS G12C-specific mutation (Biernacka 
et al., 2016). Amivantamab-vmjw (Rybrevant) and 
mobocertinib (Exkivity) were approved in 2021 for 
patients who harbor an EGFR exon 20 insertion 
mutation and have failed prior therapy. In August 
2022, the antibody-drug conjugate, fam-trastu-
zumab deruxtecan-nxki (Enhertu), which targets 
ERBB2 mutations, was given accelerated approval 
based on the DESTINY-Lung02 trial. Based on the 
phase II clinical trial, they showed an objective re-
sponse rate of 55% and a median overall survival of 
17.8 months in previously treated patients (Li et al., 
2022). The recent approvals highlight how quickly 
the biomarker landscape continues to evolve.

Lastly, microsatellite instability and tumor 
mutational burden inform treatment decisions for 
immune checkpoint inhibitor therapy; however, 
neither have recommendations from the NCCN, 
and research continues. These targeted drugs are 
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the newest form of treatment for lung cancer, but 
to have this option, testing must be performed ei-
ther through tissue or liquid biopsy. 

Progression 
Metastatic NSCLC patients can progress despite 
treatment. Upon progression, liquid biopsy can help 
inform additional treatment options. For example, 
patients with an actionable EGFR exon 19 deletion 
or exon L858R mutation upon diagnosis are treated 
with an FDA-approved oral TKI therapy. Over time, 
patients can develop acquired resistance to the 
TKI treatment. The most well-studied mutation 
that can readily be assessed through liquid biopsy 
techniques is EGFR T790M. This mutation devel-
ops after treatment on first- and second-generation 
EGFR TKI therapy due to cancer-adaptive biology. 
Osimertinib, an irreversible third-generation TKI, 
has been approved by the FDA for EGFR  T790M 
mutations after the progression of a first or second-
generation TKI. Leonetti and colleagues (2019) 
found that tumor heterogeneity can have various 
evolution patterns when treating with different 
TKI therapies, causing the tumor’s clonal evolution 
to develop further genomic alterations. 

Given the persistent clonal expansion of can-
cer, serial liquid biopsy testing provides ease of 
testing due to the minimal invasiveness compared 
with an invasive rebiopsy. Liquid biopsy can at-
tain results within a 1- to 2-week turnaround time, 
which can expedite discussions with the patient 
for new treatment options and therefore help 
minimize patient anxiety. 

Technical 
Liquid biopsy is a relatively new diagnostic meth-
od, with research on many solid tumor types, al-
though data on NSCLC is the most robust. Cur-
rently, two primary techniques are used to extract 
DNA from plasma performed by a process called 
NGS, as mentioned previously. Next-generation 
sequencing platforms perform sequencing of 
millions of small DNA fragments in parallel with 
over three billion bases of the human genome 
sequenced multiple times so DNA variation can 
be mapped (Behjati & Tarpey, 2013). In the first 
technique, circulating tumor cell (CTC) tests are 
liquid biopsy tests that look for whole tumor cells 
found in the bloodstream. The second technique 

uses ctDNA or cfDNA tests that analyze DNA 
from tumor cells circulating in the bloodstream. 
Each technique strives to obtain diagnostic infor-
mation on relevant biomarkers to drive patient 
management, measure the cancer’s response to 
treatment, and monitor for relapse after treat-
ment (Yang, 2018). 

When tumor cells are shed from either the pri-
mary tumor or its metastatic sites, tumor-derived 
DNA enters the bloodstream, allowing modern 
technology to evaluate for somatic alterations 
through the techniques discussed previously. Re-
cent landmark publications have identified the 
clinical utility of liquid assays while measuring 
the concordance rates comparing blood and tis-
sue. Mack and colleagues (2020) analyzed the 
DNA of over 8,000 cases of advanced NSCLC. 
They were able to detect somatic alterations in 
86% of advanced lung cancer samples by ctDNA 
methods, 46% of which were actionable. They 
were also able to increase biomarker detection by 
65% of samples that could not be evaluated by tis-
sue. Additionally, Aggarwal and colleagues (2019) 
determined that of 323 advanced NSCLC patients 
evaluated at diagnosis with metastatic disease, the 
concordance between ctDNA and tissue testing of 
alterations was 90%. Another study reported con-
cordance findings between ctDNA and tissue to 
be between 92% and 100% depending on the gene 
identified (Odegaard et al., 2018). Leighl and col-
leagues (2019) showed 90% concordance between 
blood and tissue results, and the turnaround time 
to obtain results from the blood-based analysis 
was 1 week faster than that of tissue testing.

Similarly, analytic validation studies have been 
performed to discern how well NGS techniques 
can pick up actual alterations. Odegaard and col-
leagues (2018) were able to pick up mutations as 
small as 0.02% to 0.04% of the sample obtained 
using cfDNA methods. This percentage is known 
as the variant allele fraction (VAF), the portion of 
DNA molecules in the specimen that carries the 
variant (Strom, 2016). 

CONCLUSION 
New diagnostic modalities have been developed 
to improve treatment algorithms for advanced 
NSCLC. It is critical to know not only the histo-
pathologic type of lung cancer, but also the molec-
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ular biomarkers of cancer cells to drive treatment 
decisions, response, and survival discussions. A 
systematic review extracted data from 38 studies 
and found that liquid biopsy’s clinical usefulness 
has several advantages over tissue biopsy. More 
scientific data and technology are needed to make 
it the standard of care (Esagian et al., 2020). For 
newly diagnosed and advanced NSCLC cancer pa-
tients with various needs, clinicians have expand-
ed options to help aid in treatment planning for 
patients. More research is needed. For now, liquid 
biopsy will remain as a companion diagnostic tool 
in addition to tissue biopsy. While the advantages 
of this minimally invasive test can outweigh a bi-
opsy’s invasiveness, an initial histologic diagnosis 
obtained by tissue biopsy remains the mainstay. l
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