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Clinical management of non-small cell lung cancer (NSCLC) requires accurate

identification of tumor-specific genetic alterations to inform treatment options.

Historically, providers have relied on single-gene testing (SGT) for actionable

variants due to a perception of cost-effectiveness and/or efficient turnaround

time compared to next-generation sequencing (NGS). However, not all

actionable variants may be evaluated through SGT modalities, and an SGT

approach can exhaust valuable tissue needed for more comprehensive

analyses. In contrast, comprehensive genomic profiling (CGP) tests employ

NGS to sequence megabases of DNA and RNA to evaluate all relevant

molecular alterations, providing a broader genetic profile to identify actionable

alterations that SGT may not accurately or efficiently assess. Here, we briefly

describe four cases from a large reference laboratory in which actionable

alterations were identified by CGP but not SGT. The discussion highlights the

utility and advantages of using CGP to provide complete and timely treatment

options and clinical trial opportunities for patients with NSCLC.
KEYWORDS

non-small cell lung cancer (NSCLC) molecular testing, single gene testing (SGT),
comprehensive genomic profiling (CGP), next-generation sequencing (NGS),
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Introduction

The treatment paradigm of advanced non-small cell lung cancer

(NSCLC) has shifted from a generalized approach using cytotoxic

chemotherapy to a more targeted approach using therapies

prescribed on the basis of specific genomic alterations, which has

necessitated the clinical integration of precision medicine principles

(1). NSCLC accounts for approximately 85% of all lung cancer

diagnoses (2),, and introduces complex therapeutic challenges due

to pathologic and molecular heterogeneity. The development of an

ever-increasing array of complex biomarker-directed single agent and

combination therapies requires accurate, timely, and broad molecular

testing. Comprehensive genomic profiling (CGP) techniques have the

potential to address many challenges of large-scale genomic testing,

due to its ability to efficiently assess a vast array of genetic alterations

through massively parallel sequencing (3).

Despite the promises and performance of CGP, providers

continue to utilize single gene testing (SGT) methodologies to

identify actionable mutations in the advanced/metastatic disease

setting, driven by perceptions of cost-effectiveness for patients and

relatively rapid turnaround time (4, 5). However, SGT has some

important shortcomings, such as the inability to identify certain

molecular alterations due to inherent sequencing limitations and a

restricted scope of detectable mutations (6, 7), as well as an

increased likelihood of exhausting finite tissue samples that may

be needed for additional testing (8). In contrast, a comprehensive

approach to molecular profiling examines a broad spectrum of

actionable targets in a single assay that conserves tissue, without

sacrificing sensitivity or specificity.

In this case series, we describe four NSCLC patient cases for

which initial SGT provided divergent or incomplete results

compared to subsequent CGP. Each case illustrates tangible

advantages to ordering CGP over SGT in the clinical setting. We

discuss the practical implications of these findings and examine the

advantages of CGP in the context of the current literature

concerning NSCLC precision medicine and molecular profiling.

Additionally, we consider how divergent SGT and CGP results may

impact the NSCLC patient and their general perspective of their

medical care.
Methods

We obtained approval for this study from an external

institutional review board, the Western Institutional Review

Board Copernicus Group (WCG protocol #1340120). Using data

from the Labcorp® reference laboratory information system, we

identified providers in the United States who ordered SGT for

patients with advanced/metastatic NSCLC during standard care and

offered no-cost CGP testing for their patients in addition to SGT (if
Abbreviations: CGP, comprehensive genomic profiling; FFPE, formalin-fixed

paraffin-embedded; FISH, fluorescent in situ hybridization; IHC,

immunohistochemistry; ICI, immune checkpoint inhibitor; MMR, mismatch

repair; MSS, microsatellite stable; NSCLC, non-small cell lung carcinoma; PCR,

polymerase chain reaction; SGT, single gene testing.
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found to be negative) or instead of SGT altogether. All SGT and

CGP tests were completed by December 2022, with final reports

delivered to ordering providers following standard procedure.

All SGT and CGP were performed at a Labcorp® testing facility.

SGT included assays of formalin-fixed paraffin-embedded (FFPE)

tissue to detect clinically actionable biomarkers, including:

fluorescent in situ hybridization (FISH) to detect rearrangements

in ALK, RET, and/or ROS1, SNaPshot multiplex polymerase chain

reaction (PCR) to detect pathogenic variants in BRAF, KRAS, and/

or EGFR, and immunohistochemistry (IHC) to evaluate PD-L1

expression (Supplementary Table 1). CGP was performed using

OmniSeq® INSIGHT (Labcorp Oncology, Buffalo, NY), an assay

that utilizes the TruSight® Oncology 500 panel (Illumina, San

Diego, CA), as previously described (9). In this assay, DNA and

RNA is extracted from FFPE tissue, and DNA is sequenced to detect

small nucleotide variants, insertions, and deletions in the full coding

regions of 523 genes, as well as to evaluate 59 genes for copy number

alterations. Additionally, RNA is sequenced to detect fusions and

splice site variants in 55 genes, and PD-L1 expression (22C3

antibody) was also performed. DNA/RNA sequencing and IHC

results were all included in a single integrated report.
Case descriptions

Ordering providers, including oncologists and pathologists

from 80 community practices, participated in the study and

ordered CGP for a total of 561 patients with advanced/metastatic

NSCLC, of which 150 (27%) had negative prior SGT results (5). Of

these cases with negative SGT results, we identified 4 patients

(2.6%) that were negative for highly actionable genomic variants

by SGT but demonstrated positive actionable findings by CGP,

either in the same gene or for a different gene.

Case #1: A woman in her early 40’s with a history of

gastrointestinal and uterine cancers was found to have a lung

mass in the right upper lobe. A CT-guided core needle biopsy

revealed moderately differentiated adenocarcinoma (Figure 1A).

IHC was positive for CK-7, TTF-1, and Napsin A, but negative

for CK20 and CDX2, consistent with a primary lung

adenocarcinoma. The initial molecular analysis (reported 24 days

post-biopsy) aimed at identifying alterations by SGT, which

included FISH for ROS1 and ALK rearrangements and SNaPshot

multiplex PCR to detect EGFR variants, all of which were negative

for actionable alterations. In contrast, CGP (ordered 67 days after

collection) was subsequently performed and identified two ALK

fusions, EML4-ALK (EML4:chr2:in6:42492089 and ALK:chr2:

ex20:29446394) and ALK-MAP4K3 (ALK:chr2:ex13:29462607 and

MAP4k3:chr2:in1:39664031), as well as an ALK SNV of G1202R

(Table 1). CGP also reported the tumor as microsatellite stable, with

a low TMB of 2.3 mut/Mb. PD-L1 testing, initially performed

alongside SGT and later with CGP, showed a high tumor

proportion score (TPS) of 70% initially and later evaluated as 20%.

Case #2: An man in his early 80’s with a left lung mass

underwent core needle biopsy to reveal a moderately differentiated

adenocarcinoma with papillary features (Figure 1B). Per report,

IHC showed positive TTF1 and focal p40 staining, consistent with a
frontiersin.org
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primary lung adenocarcinoma. Initial testing by SGT (ordered 18

days after submission) included FISH for ALK, RET, and ROS1

rearrangements and SNaPshot multiplex PCR to detect BRAF,

EGFR, and KRAS variants. CGP was conducted 126 days post-

biopsy and identified an EGFR exon 20 insertion, along with other

SNVs not detected by SGT (Table 1). CGP analysis also determined

the tumor to be microsatellite stable with a low TMB of 6.2 mut/Mb.

PD-L1 was tested on two occasions, both with positive results (90%

initially as SGT, later reported with CGP as 50%).

Case #3: A woman in her mid-70’s with a 2.9 cm mass in the left

upper lung lobe underwent a lobectomy, which demonstrated a lepidic

predominant, moderately differentiated adenocarcinoma (Figure 1C).

IHC on the surgical specimen showed positivity for CK7, TTF1, and

Napsin A, and negative staining for CK20, consistent with primary

lung adenocarcinoma. Initial SGT, reported 15 days post-surgery,

included FISH analysis to detect rearrangements in ALK, RET, and

ROS1 and amplification of MET, in addition to SNaPshot multiplex

PCR to detect BRAF, EGFR, and KRAS variants. FISH for MET did

reveal loss of MET in a subset of cells, as well as additional copies of

MET and the control probe, consistent with polysomy of chromosome

7. All other SGTs were negative for actionable variants. Subsequent

CGP, performed 242 days post-surgery on archival tissue, identified a

MET exon 14 skipping alteration (Table 1), a finding not detected by

earlier SGT for MET amplification. Additionally, PD-L1

immunohistochemistry, conducted at diagnosis alongside SGT and

again with CGP, showed two consistent TPS results (10%).

Case #4: A male in his late 60’s with mediastinal lymphadenopathy

underwent testing on two different tumor samples. Per report, an initial
Frontiers in Oncology 03
biopsy revealed a non-small cell lung carcinoma, squamous cell type,

and SGTs were performed on this sample (ordered 25 days post-

collection), including FISH for MET and ROS1, which were negative

for alterations. Subsequently, additional tissue as part of mediastinal

lymph node sampling, which was performed 34 days after the initial

collection. Histologic evaluation revealed metastatic poorly

differentiated squamous cell carcinoma with necrosis involving two

of nine lymph nodes (Figure 1D). CGP was ordered 11 days after this

second sample and identified a BRAFV600E mutation, as well as other

genetic alterations (Table 1). CGP also demonstrated a high TMB (19.5

mut/Mb) and stable microsatellite sites. PD-L1 IHC, performed

initially and alongside CGP, showed positive results in both cases

(60% in the right lung biopsy sample, 95% in the subsequent lymph

node sample).
Discussion

This case series illustrates important limitations of SGT in the

management of advanced NSCLC, particularly in comparison to the

performance of CGP. Each case shows the utility of CGP to broadly

identify actionable alterations that may otherwise be missed by

workflows relying on SGT alone. The adoption of precision

medicine for the treatment of NSCLC largely depends on

providers not only keeping abreast current and emerging

biomarkers, therapies, and clinical trials but also executing

comprehensive testing strategies and practicing good tissue

stewardship. Undeniably instrumental in the early days of
FIGURE 1

Histology of non-small cell lung carcinoma cases. These images are of H&E stained tissues sections from case #1 (A), case #2 (B), case #3 (C), and
case #4 (D), at 20X magnification.
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TABLE 1 Cases with divergent single gene and next generation sequencing test results.

ase 3 Results Case 4 Results

CGIP SGT CGIP

233 5 11

9 20 7

negative n/r negative

ET MET exon 14
skipping (c.2942-
14_2942-1delinsA)

negative negative

negative negative negative

negative negative negative

negative n/r V600E

negative n/r negative

negative n/r Q61R

MSS n/r MSS

positive positive positive

10% 60% 95%

1.5 n/a 19.5
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Biomarker SGT Method Case 1 Results Case 2 Results C

SGT CGIP SGT CGIP SGT

Time from Sample
Collection to Sample
Received (Days)

n/a 11 67 5 120 3

Turnaround Time
from Sample Received
to Report (Days)

n/a 7 7 13 6 13

ALK ALK Gene
Rearrangements
by FISH

negative ALK-MAP4K3 and
EML4-ALK fusions

negative negative negative

MET C-MET Oncology
FISH
for Amplification

n/r negative n/r negative Deletion of M
and likely
polysomy 7

RET RET Gene
Rearrangements
by FISH

n/r negative negative negative negative

ROS1 ROS1 Gene
Rearrangements
by FISH

negative negative negative negative negative

BRAF SNaPshot Multiplex
PCR (primer
extension-
based method)

n/r negative negative negative negative

EGFR SNaPshot Multiplex
PCR (primer
extension-
based method)

negative negative negative D770_771insG negative

KRAS SNaPshot Multiplex
PCR (primer
extension-
based method)

n/r negative negative negative negative

MSI n/a n/r MSS n/r MSS n/r

PD-L1 IHC IHC positive positive positive positive positive

PD-L1 TPS IHC 70% 20% 90% 50% 10%

TMB (mut/Mb) n/a n/a 2.3 n/a 6.2 n/a
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targeted therapy, SGT is increasingly becoming outdated in the

setting of advanced NSCLC due to a number of reasons: 1) an

increasing number of treatment targets, 2) inherent limitations of

FISH and PCR-based single gene sequencing to detect all relevant

alterations, and 3) the acceptance of CGP as a cost-effective and

more efficient alternative. Regarding this last point, multiple studies

have shown that CGP is a better value because it has improved

efficacy for identifying effective treatments, with minimal to no

additional cost to patients and payers, despite the up-front price of a

CGP testing instance being higher than that of an individual SGTs

(10–13). Moreover, guideline-recommended biomarkers such as

ERBB2 mutations, MET exon 14 skipping alterations, and NTRK

fusions are poorly assessed by SGT.

In Case #1, SGT failed to detect the presence of two ALK fusions

(EML4-ALK and ALK-MAP4K3), which are the most likely drivers of

this tumor’s growth. Importantly, patients with ALK fusion-positive

NSCLC respond well to ALK-targeting therapies and have meaningful

improvements in progression-free and overall survival when treated

with ALK inhibitors even at advanced stages (14). DNA-based SGT,

such as via PCR and FISH, are capable of identifying many fusion

constructs. However, FISH break-apart probes are limited in their

ability to detect certain complex or cryptic rearrangements that do not

result in detectable probe signals. Importantly, CGP surmounts this

limitation, and some platforms, such as OmniSeq INSIGHT,

incorporate RNA-based sequencing, specifically for the detection of

novel gene fusions (15). This case also raises an important

consideration regarding the efficacy of immunotherapy in the

setting of certain targetable alterations. For instance, treatment of

ALK fusion-positive NSCLC is associated with low response rates to

immune checkpoint inhibitors (ICIs) and should be avoided in these

patients (16). Thus, SGT alone would have missed a targetable

alteration and may have prompted a sub-optimal therapy with ICIs.

Case #2 highlights a notable limitation of commercially available

PCR-based assays, which may miss as many as 50% of EGFR exon 20

insertions, a critical mutation found in up to 12% of NSCLC tumors

with EGFRmutations that accounts for roughly 4% of all NSCLC cases

(17, 18). Exon 20 insertions are highly variable in length and location,

often introducing complex secondary structures or occurring in low-

complexity regions, complicating probe or primer design in traditional

SGT and leading to missed detections of these less common or

structurally challenging alterations. NSCLCs driven by EGFR exon

20 insertions currently represent a unique treatment situation, since

most variants do not respond to 1st, 2nd, or 3rd generation EGFR TKIs,

and first-line therapy options include chemoimmunotherapy or

combined amivantamab and systemic chemotherapy (19). In

general, identifying EGFR mutations early is crucial, as targeted

therapies for patients with stage IB-IIIA disease with EGFR exon 19

and L858R mutations significantly improve outcomes (20). In case #2,

CGPwas obtained ~4months after the initial biopsy, and although the

patient’s disease status at the time is not fully known to us, PD-L1

positivity was confirmed before CGP. In the advanced disease setting,

such a delay might be concerning because immunotherapy in the

presence of oncogenic driver mutations may not be effective or may

even be harmful (21). For example, combining EGFR-targeting

tyrosine kinase inhibitors with nivolumab increases the risk of

pulmonary toxicity (22), and, like ALK-rearranged tumors, EGFR-
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mutated tumors generally show poor responses to immune

checkpoint inhibitors (ICIs) (16, 23, 24). The effectiveness of ICIs in

patients with NSCLC harboring EGFR exon 20 insertions remains

underexplored, potentially due to a lower prevalence and the

aforementioned detection challenges. However, some evidence

suggests these patients may not see a survival benefit from ICIs

(25). NCCN guidelines advise against PD-1/PD-L1 inhibitors for

patients with canonical EGFR mutations, such as exon 19 deletion

and L858R mutation, as well as ALK rearrangements due to limited

benefits (19).

CGP provides a significant practical advantage by serving as a

comprehensive diagnostic platform, enabling identification of a

wide and potentially complete spectrum of targetable genomic

alterations. This approach eliminates the necessity of extensive

order sets or selection of multiple individual genes from a

predetermined list, streamlining the molecular profiling process in

clinical settings. This benefit is illustrated in Case #3, in which FISH

for MET amplification was ordered and interpreted to be negative

for amplification, yet CGP identified a targetable MET exon 14

skipping alteration. The SGT findings in this case are of uncertain

clinical significance: (1) a subset of cells were positive for loss of

MET and (2) another subset exhibited additional copies ofMET and

the control probe, consistent with polysomy for chromosome 7.

Importantly, FISH for MET amplification is not capable of

uncovering actionable single nucleotide variants of MET. In

contrast, CGP identified a MET exon 14 skipping alteration, and

targeting this alteration with MET-specific TKIs (such as tepotinib

or capmatinib) can significantly improve clinical outcomes (26–29).

It is also worth noting that CGP was ordered much later than SGT

(~7-8 months after SGT), suggesting that the patient was initially

diagnosed with an early stage cancer that progressed.

Case #4 illustrates another practical advantage of CGP over SGT.

In this case, CGP identified a BRAF V600E mutation, a targetable

tumor-agnostic biomarker, but, to our knowledge, SGT was not

ordered to evaluate this specific variant. In contrast to SGT, CGP

platforms typically can evaluate many tumor agnostic biomarkers,

including BRAF V600E, MMR deficiency/MSI status, TMB

assessment, NTRK fusions, and RET fusions. This comprehensive,

single-assay approach can not only alleviate logistical burdens and

enhance diagnostic efficiency for clinicians, but it can also conserve

tissue for other tests (such as IHC) and prevent the need for costly re-

sampling procedures. The issue of tissue stewardship deserves careful

consideration in NSCLC management because the extensive tissue

sections required for completing all necessary SGTs often exceed

those needed for NGS, making CGP a more tissue-conservative

option (5). This consideration is particularly important in lung

cancer, which frequently yields limited biopsy samples.

As a reference laboratory, there are limitations with our

reporting of this case series. For instance, we do not have

knowledge of all testing platforms that patients received, their

therapeutic regimens, their tumor stage at diagnosis, or their

outcomes. Despite these shortcomings, we can make a number of

important observations related to the consequences of SGT. First,

we can confirm that multiple SGTs were performed in each case,

which increases the risk of exhausting tissue for additional testing,

and 75% (3/4) of these cases used the same tissue block for SGT and
Frontiers in Oncology 06
CGP. Second, from the results and indications for testing, we can

deduce that SGT alone would have missed actionable variants for

biomarker-directed therapy in the advanced stage setting. Third,

each of these cases highlights the need for providers to consider

CGP to test a broad array of variants to better inform the treatment

of NSCLC. Fourth, the turnaround time for CGP in all 4 cases was

less than or equal to the turnaround time (TAT) for all SGTs to be

reported, contesting the generally accepted proposition that TAT is

greatly shorter for SGT than CGP. Although SGT may be preferred

in select clinical settings, its inherent limitations will result in

missed therapeutic opportunities in the aggregate. CGP offers the

benefits of comprehensive testing for novel fusions, detecting

uncommon and complex actionable variants, and reducing

clinician burden through simplification of testing. Of note,

Asourunderstandingof cancergenomics continues toevolveandas

costs associated with CGP continue to decrease, it is expected that the

utility of CGP in guiding personalized therapeutic strategies for NSCLC

will further consolidate, resulting in more cost-effective and time-

efficient results. However, the adoption of CGP is not without

challenges. Significant barriers to widespread implementation include

aperceptionof high costs, theneed for advanced sequencingmachinery,

the requirements of specialized bioinformatics support to interpret

complex data outputs, and low rates of reimbursement. Additionally,

the clinical significance of some genetic alterations identified by CGP

may not be fully understood yet, necessitating scientific research,

continual education, and regular collaboration between oncologists,

pathologists, and geneticists to translate these findings into actionable

clinical strategies. Despite these challenges, the potential of CGP to

enhance personalized cancer care and improve patient outcomes

justifies its increasing role in the management of NSCLC.
Patient perspective

Patients facing conflicting test results or learning that a different

testing method could have influenced their treatment options may

experience a range of emotions, ranging from confusion and

frustration to warranted concern about the implications for

their care. For instance, in Case #1, in which SGT failed to detect

ALK fusions later identified by CGP, a patient might feel both

relief that a more effective treatment option is available but

also anxiety about the delay in receiving this targeted therapy. The

situationmay feel evenmore dire for patients who receive sub-optimal

therapies (such as ICIs in the setting of tumors with ALK or EGFR

alterations). The realization that earlier comprehensive testing could

have impacted their course of therapy could damage the physician-

patient relationship.

Delays in ordering CGP, as potentially seen in Case #2, could

lead to feelings of missed opportunity, especially when considering

the potential benefits of a therapy specifically targeted to their

mutation. Patients might question the rationale behind the initial

choice of SGT and its impact on their treatment timeline and overall

prognosis, knowing that a more complete solution was available in a

single test. If healthcare providers insist on ordering SGT, there

must be clear communication with patients about the rationale for

the specific test, the possibility of missed therapeutic options, and
frontiersin.org

https://doi.org/10.3389/fonc.2024.1445668
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Strickland et al. 10.3389/fonc.2024.1445668
the potential need for subsequent tests based on the results and

evolving clinical insights.

From the patient’s perspective, understanding the technical

differences between SGT and CGP might be challenging, but

grasping the practical implications—such as the potential for

more effective, personalized treatment options—is crucial.

Patients may also appreciate learning about the concept of tissue

stewardship, especially in cases where limited biopsy material

necessitates careful consideration of the most informative and

efficient testing strategy.

Ultimately, patients deserve assurance that their treatment is

based on the most accurate and comprehensive information

available. Conflicting test results or the knowledge that different

testing could influence therapy may prompt patients to advocate for

themselves more strongly, seeking second opinions or request CGP

to ensure that their treatment plan is as effective as possible.
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