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BACKGROUND
 

Тhe assays for evaluation of specific oncogenic markers used in current clinical practice provide only a limited view of the whole
genome landscape and the potential treatment options. As the number and diversity of therapeutically relevant mutations
associated with cancer increase, there is a need for deeper understanding of this multifactorial condition and optimizing the
diagnostic approaches.

Next Generation Sequencing (NGS) allows for ultra-high-throughput parallel sequencing across hundreds of genes. It can be
used to sequence the whole genome or a select number of genes, which allows for virtually complete and/or clinically
relevant genetic profiling. NGS is of particular significance in cancers with high heterogeneity, such as Non-Small Cell Lung
Carcinoma (NSCLC).
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AIM AND METHODS
The aim of this review was to assess and compare the efficacy of Next-generation sequencing (NGS) versus standard
diagnostic testing in patients with non-small cell lung cancer (NSCLC).

To complete this task a literature search in the databases PubMed and Cochrane was undertaken in September 2019. After
removing the duplicates, publications were scanned by title and abstract, then a full-text review for relevance was performed.
The reference lists of the retrieved publications were also reviewed in order to identify additional studies, which met the criteria
for inclusion in the analysis.
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NGS AS A SENSITIVE DIAGNOSTIC TOOL
NGS enables identification of clinically relevant alterations even in patients who tested negative in prior non-NGS testing.

NGS Hotspot-only testing should be supplemented with FISH

It is worth noting that a study evaluating the feasibility in clinical practice of hybrid capture (HC)-based NGS in patients with
NSCLC and lung adenocarcinoma shows that up to 50% of clinically relevant genomic alterations were missed without
supplemental fluorescent in situ hybridization (FISH) when the DNA was analyzed by Hotspot testing only (Suh et al., 2016).

Broad NGS is more sensitive than FISH or Hotspot panels

However, in clinical trial settings NGS detected ALK rearrangements in 35% (11 of 20) of patients with NSCLC who previously
tested negative for ALK using FISH (Ali et al., 2016), as well as EGFR exon 19 alterations in 17% (12 of 71) of patients with
NSCLC who previously tested negative for EGFR using a Hotspot panel (Schrock et al., 2016).

NGS uncovers actionable mutations

In a clinical study (Drilon et al., 2015) including patients with lung adenocarcinoma, which tested negative for alterations in 11
genes using prior non-NGS testing, NGS identified 26% (8 of 31) of patients with actionable genomic alterations; of them 7
received or are candidates for targeted therapy. In 39% (12/31) of patients, an actionable genomic alteration was detected for
which a targeted agent was available on an ongoing study. Of them 11 remained on alternate systematic therapy and were
candidates for targeted therapy on progression; the 12th patient (EGFR L747P) started treatment with erlotinib.
This assessment highlights the impact of NGS on clinical trial participation and treatment decision-making process.

Clinical NGS and targeted therapy use. The results of NGS of lung adenocarcinomas that harbored no genomic alterations (GA) in 11 genes (EGFR, ERBB2, KRAS, NRAS, BRAF,

MAP2K1, PIK3CA, AKT1, ALK, ROS1, and RET) via a focused panel of non-NGS testing in never or ≤15 pack-year smokers are shown. The percentage of patients with results that

fall into 1 of 4 categories is depicted in the pie chart. (Drilon et al., 2015)
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NGS CAN GUIDE THERAPEUTIC APPROACH, WHILE
IMPROVING SURVIVAL
By accurate identification of genomic alterations associated with NSCLC, NGS delivers clinical utility and improves matching of
patients with approved targeted therapies in comparison with standard diagnostic methods.

Personalized approach (any sequencing +/- FISH) improves PFS and OS

Within a one-year nationwide programme of the French Cooperative Thoracic Intergroup (IFCT; Barlesi F et al., 2016), the
molecular status of 17 664 patients with advanced NSCLC was analyzed. A genetic alteration was found in 49.5% of the
analyses, which impacted the first-line treatment for 51.3% of the patients and was associated with increased proportion of
patients achieving an overall response in first-line treatment (36.5 % vs. 32.6%, p=0.03) and second-line treatment (16.9 % vs.
9.3%, p<0.001), firstline PFS (10.0 vs. 7.1 months, p<0.001) and OS (16.5 vs. 11.8 months, p<0.001) compared with absence of
a genetic alteration.

First-line progression-free survival for patients with and without genetic alteration (Barlesi et al., 2016)
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Overall survival of patients with and without a genetic molecular alteration (Barlesi et al., 2016)

NGS may offer superior molecular profiling

Ali et al. (2016) conclude that 80% of the patients with ALK rearrangement identified by NGS, but negative by FISH testing,
responded to the ALK inhibitor crizotinib.

NGS can inform the therapeutic approach more accurately than standard diagnostic methods

In a retrospective study (Rozenblum et al., 2017) including 101 patients with advanced lung cancer, HC-based NGS identified
clinically actionable genomic alterations in 50% of patients. In 15 patients, EGFR/ALK aberrations were identified after negative
results of prior negative testing. As a result, treatment strategy was changed for 43 patients (42.6%). Of them 34 were evaluable
for tumour response. ORR was 64.7%, 5 patients (14.7%) experienced complete response, 17 (50%) experienced a partial
response.
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Percentage of best response in 34 patients who received targeted therapy according to hybrid capture (HC)-based next-generation sequencing (NGS) results. Each bar represents

one patient. Number of previous lines and genomic information guiding the targeted therapy in each case are elaborated. Nine of 43 patients not evaluable for tumor response at the

time of tumor response were omitted. *Nonsensitizing EGFR mutation. NTRK1, neurotrophic tyrosine kinase receptor type 1 gene; VUS, variant of unknown sequence; ERBB2, erb-

b2 receptor tyrosine kinase 2 gene; RET, ret proto-oncogene; MET, Mesenchymal-epithelial transition factor receptor tyrosine kinase gene; NF1, neurofibromin 1 gene; ALK,

anaplastic lymphoma receptor tyrosine kinase gene. (Rozenblum et al., 2017) 

NGS results are predictive of treatment effect

Besides its role in choosing an adequate therapy, NGS is predictive of response to treatment since it enables the assessment of
Tumour Mutation Burden (TMB) and Microsatellite Instability. In order to examine the molecular determinants of response to
treatment with immune checkpoint inhibitors in NSCLC treated with pembrolizumab, Rizvi NA et al. (2016) used whole-exome
sequencing (WES). Based on the data analysis, it appears that in patients receiving pembrolizumab higher nonsynonymous
mutation burden was associated with improved objective response and durable PFS. Efficacy also correlated with the molecular
smoking signature, selected DNA repair pathway mutations and higher neoantigen burden. In one responder, neoantigen-specific
CD8+ T cell responses paralleled tumour regression. This suggests that genomic profile of NSCLC shapes response to anti–PD-1
therapy.
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DISCUSSION
The analysis of the collected data has led to several main conclusions. NGS can detect all classes of alterations even in small
samples with low tumour content. NGS detects clinically relevant alterations even in patients who tested negative in prior
non-NGS testing. NGS delivers clinical utility and improves matching of patients with approved targeted therapies.
Moreover, it has the potential to make an impact on clinical trial participation. NGS is also predictive of response to treatment
since it enables the assessment of TMB and MSI.
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CONCLUSION
The results of clinical and real practice studies 
demonstrate the significance of NGS, which is increasing with the additional identification of clinically relevant genetic
alterations and the development of new therapies.

Not only does the technology provide new knowledge of the genetic architecture of cancer, in particular NSCLC, but it
also opens up opportunities for optimizing decision-making for treatment choices, as well as for improving the survival of
patients and their quality of life.
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ABSTRACT
Aim: In the era of personalized medicine, there is a need of a more consistent understanding of cancer and optimizing its
diagnosis. With the introduction of Next Generation Sequencing (NGS), which enables the parallel sequencing of multiple DNA
fragments across hundreds of genes, the assessment of differences in tumor profiling methods has become increasingly important
as it facilitates the application of novel, targeted therapies. The aim of this review was to assess and compare the efficacy of NGS
versus standard diagnostic testing in patients with non-small cell lung cancer (NSCLC).

Methods: A literature search in the PubMed and Cochrane databases undertaken in September 2019 resulted in the identification
of relevant clinical trials and real world data. The findings on the comparative efficacy of NGS are included in the subsequent
analysis.

Results: Studies have shown NGS has greater sensitivity, specificity, and efficacy than standard tests. NGS enables identification
of clinically relevant alterations even in patients who tested negative in prior non-NGS testing. By accurate identification of
genomic alterations associated with NSCLC, NGS delivers clinical utility and improves matching of patients with approved
targeted therapies in comparison with standard diagnostic methods. Besides influencing therapeutic strategy, NGS has higher
predictive value for determining the response to treatment since it enables the assessment of Tumor Mutation Burden (TMB) and
Microsatellite Instability.

Conclusion: Not only does the technology give new knowledge of the genetic architecture of NSCLC but it also opens up
possibilities for optimizing its diagnostics, the therapeutic decision-making process, as well as for improving the survival of
patients and their quality of life.

Keywords: Efficacy, Next-Generation Sequencing, Non-Small Cell Lung Cancer, Personalized medicine
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