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SUMMARY:
 This protocol describes an automated, ISO15189-accredited next-generation sequencing workflow for detecting targetable genomic alterations in non-small cell lung cancer (NSCLC) formalin-fixed paraffin-embedded tissues.

ABSTRACT: 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The success of targeted therapy in non-small cell lung cancer (NSCLC) hinges on the precise identification of driver alterations, including mutations, gene fusions, and amplifications. Next-generation sequencing (NGS) has emerged as a comprehensive molecular diagnostic tool, capable of detecting both known and novel genomic aberrations, providing critical support for personalized NSCLC treatment. However, NGS remains a complex and technically challenging method. Despite its widespread adoption, NGS still faces some challenges, including technical complexity and prolonged turnaround times. Here, the ISO15189-certified NGS workflow implemented in the clinical laboratory is introduced. The standardized protocol encompassed tumor cellularity assessment (≥20 %), DNA extraction from formalin-fixed paraffin-embedded (FFPE) tissues (DNA input ≥ 50 ng), automated library preparation, and bioinformatics analysis. By integrating stringent quality control (QC) measures at each step, the workflow ensures high data reliability. Besides, the key innovation in workflow was the automation of NGS library construction. The automated system of NGS library construction included end repair, A-tailing, adapter ligation, hybridization capture, and purification, effectively minimizing human error, enhancing experimental reproducibility, reducing hands-on time, and thus improving efficiency. Together, experience demonstrates that rigorous QC and automated library preparation are essential for maintaining accuracy and scalability in clinical NGS testing. This optimized approach not only ensures compliance with ISO15189 standards but also supports the growing demand for precision oncology in NSCLC management.

INTRODUCTION: 
Non-small cell lung cancer (NSCLC) accounts for 75%–85% of all lung cancer cases, representing both a clinical priority and a therapeutic challenge1-3. In recent years, with the successful development and clinical application of molecularly targeted drugs such as epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs), the treatment of advanced NSCLC has entered the era of personalized precision therapies4-6. Targeted therapy offers precise efficacy, high specificity, and minimal side effects7,8. This shift in treatment has simultaneously increased the demand for molecular diagnostic technologies.

Currently, comprehensive tumor-targeted testing has become an indispensable component of clinical practice that can help elucidate accurate genetic mutation profiles and thus provides a reliable basis for subsequent targeted drug use, drug resistance monitoring, and prognosis assessment for patients. Particularly, NGS-based multi-gene testing, leveraging high-throughput and high-sensitivity technical advantages, has already been recommended for clinical application9-12. 

[bookmark: OLE_LINK3]Compared to traditional molecular diagnostic techniques, NGS demonstrates groundbreaking advantages. The foremost advantage of NGS lies in its high-throughput capability. It enables the concurrent detection of multiple genes, including both known and unknown genetic alterations13,14. Meanwhile, NGS achieves comprehensive testing in a single run, relatively reducing cost, sample consumption, and testing turnaround time15,16. Given these advantages, NGS has been increasingly applied in clinical practice. However, the processes of NGS are complex, including tumor cellularity assessment, nucleic acid extraction, automated library preparation, and bioinformatics analysis. The quality of initial sample processing directly affects the performance of subsequent bioinformatics analyses17. Especially, library preparation involves a series of steps to convert raw nucleic acid samples into standardized libraries compatible with sequencing instruments. Library preparation includes fragmentation, end repair, adapter ligation, and PCR amplification18. This complex process often introduces various technical biases: for example, fragmentation may lead to the underrepresentation of heterochromatin regions; the substrate preference of ligase during adapter ligation can result in the loss of certain sequences; and PCR amplification tends to cause uneven coverage in regions with extreme GC content19. These systemic biases not only reduce the quality of sequencing data but may also lead to erroneous conclusions in subsequent bioinformatics analyses. Therefore, establishing a rigorous QC system is essential to ensure the reliability and consistency of experimental results. 

To address these long-standing technical challenges, the laboratory has adopted a fully automated NGS system. The system is designed to reduce manual processing time and decrease overall turnaround periods. It incorporates programmable protocols to ensure both operational flexibility and processing precision while utilizing integrated modules and units to effectively minimize potential technical biases at each step. Furthermore, this automated solution not only improves the reproducibility and throughput of library preparation but, more importantly, ensures that sequencing data more accurately reflects the molecular composition of the original samples. Here, the laboratory would like to introduce the system through the detection of driver alterations using DNA-based NGS.

PROTOCOL: 
The protocol received an IRB waiver for anonymized archival samples.

1. Pre-testing steps and QC

1.1 Register sample information in the laboratory information management system (Table 1). Fill out the informed consent form for gene mutation testing.

[bookmark: OLE_LINK17][bookmark: OLE_LINK16]1.2 Receive NSCLC FFPE sample. Ensure that the sample used for testing is a paraffin tissue sample that has been stored for no more than 2 years. Ensure that the samples are processed and stored according to standard pathological methods.

NOTE: This study primarily focuses on the methodological workflow, rather than conducting a large-scale clinical analysis. Therefore, no specific sample number requirement was set for this phase of the research.

1.3 Cut sections using disposable microtome blades. Change blades, forceps, and 1.5 ml microtubes between samples to prevent cross-contamination and avoid introducing operator-derived contaminants (e.g., hair, skin cells, saliva).

NOTE: Large sample size (≥ 0.5 cm x 0.5 cm) 6-10 μL, five sheets; small sample size (< 0.5 cm x 0.5 cm) and puncture samples, 6-10 μL, 10 sheets.

1.4 Perform routine hematoxylin-eosin (HE) staining to evaluate tumor cell content.

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]1.5 Select samples containing ≥20% malignant tumor cells for downstream analysis. The tumor content is evaluated by pathologists on HE stained glass slides20. 

NOTE: If the tumor content is less than 20%, under the guidance of the marked tumor regions on the HE slide, scrape off the corresponding tumor tissue area. This process achieves enrichment of tumor tissue by effectively removing surrounding non-neoplastic components, thereby significantly increasing the percentage of tumor cells in the collected material.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]1.6 Perform nucleic acid extraction using an automated purification system as described below.

1.6.1 Section the FFPE block using a microtome to obtain a ribbon. Place the ribbon into a 1.5 ml microcentrifuge tube. Transfer the ribbon to the designated sample input location on the automated extraction instrument.

1.6.2 Use an automatic extraction instrument with an automatic extraction kit and replace manual pipetting with an automatic magnetic bead nucleic acid extraction system.

NOTE: Automating this step helps ensure automatic extraction to ensure high-precision and reproducible DNA production for downstream NGS applications.

1.6.3 Refer to the instructions of the fully automatic nucleic acid purifier and nucleic acid extraction reagent to extract nucleic acid. 

1.6.4 Then, select the C1102 Program, choose sample dewaxing incubation time as 16 h, and elution volume as 100 μL.

NOTE: If the extracted DNA solution is not immediately tested, it must be stored at -20 °C for no more than 6 months.

[bookmark: OLE_LINK14]1.7 Assess nucleic acid quality (Table 2) as described below.

1.7.1 Use agarose gel electrophoresis to determine DNA fragment size. Use Agilent2100 and other microfluidic capillary electrophoresis analysis systems for low-input samples. 

1.7.2 Dissolve 1 g agarose in 100 mL of TAE solution. Heat the mixture in a water bath until transparent. Cool the solution to around 60 °C.
 
1.7.3 Connect to the positive electrode (red) on the electrophoresis instrument. Perform negative pole (black) to voltage 180 V, run for 15 min21,22.

1.7.4 According to the results of agarose gel electrophoresis, categorize the fragment sizes into four levels (A-D; Table 3), and select the nucleic acid of levels A-C for subsequent operations. 

1.7.5 Use spectrophotometry to verify purity. Ensure a OD260/OD280 > 1.8; OD260/OD230 > 2.0 to indicate acceptable contaminant levels23,24.

1.7.6 Use detection kit (Table of Materials) based on sequence-specific fluorescent dyes for fluorometric assay to precisely measure DNA concentration.

1.7.7 Add 1 μL of DNA to be tested to 199 μL of working solution, then mix, briefly centrifuge, and measure its concentration using a fluorometer (Table of Materials).

2 Library preparation and QC (Figure 1)

2.1 Prepare fragment genomic DNA using ultrasonication (Table of Materials) as described below.

2.1.1 Mix 200 ng genomic DNA in 50 µL of low Tris-EDTA (TE) buffer. Then, keep the sample tube in a pre-cooled (8 °C) sample rack. 

2.1.2 Set instrument parameter according to Table 4. Then initiate fragmentation.

2.1.3 Use agarose gel electrophoresis to verify the fragmentation effect. This step generates DNA fragments with damaged ends that require end repair to transform them into blunt ends for subsequent steps.

2.2 Carry out end repair and addition of A at 3' as described below.

2.2.1 Repair the damaged ends of FFPE DNA with enzymes to form flat ends, ensuring 3'-OH and 5'-P. Add A to the flattened double-stranded 3' ends. 

2.2.2 Prepare ERA mix by adding 7 μL of end repair buffer and 3 μL of end repair enzyme, gently manually flick 3x-5x, and centrifuge for 1-3 s. 

2.2.3 Add ERA mix to 50 μL of broken DNA sample, gently mix, and centrifuge for 1-3 s. 

2.2.4 Place it in the PCR instrument and select the ERA program (20 °C for 30 min; 65 °C for 30 min; 4 °C Hold; Lid 85 °C). Perform the next operation within 2 h.

2.3 Perform adapter ligation as described below.

2.3.1 Prepare the reaction system LIG mix by adding 30 μL of ligation buffer, 10 μL of DNA ligase, and 10 μL of DNA adapter. Then, lightly manually flick 3x-5x and centrifuge for 1-3 s. 

2.3.2 Add 50 μL of LIG mix to the 60 μL product from the previous step, gently mix, then centrifuge for 1-3 s. 

2.3.3 Place the mixture in a PCR instrument, then select the LIG program (20 °C for 15 min without heating the lid; 70 °C for 10 min (heating cover); 4 °C Hold; Lid 85 °C).

2.4 Perform magnetic bead purification.

2.4.1 Take 1.5 mL of a low adsorption centrifuge tube and add 88 µL of homogenized magnetic beads and 110 µL of adapter-ligated product. Vortex and mix well, and incubate at room temperature for 5 min.

2.4.2 Immediately centrifuge the incubated sample for 1-3 s and place the centrifuge tube on a magnetic rack. Wait for the solution to clear (about 3-5 min).

2.4.3 With the tube secured on the magnet, open the cap and carefully aspirate the cleared supernatant using a pipette without disturbing the bead pellet.

2.4.4 Keep the tube on the magnet and add 300 µL of freshly prepared 75% ethanol to each tube.

2.4.5 Wait for 1 min to allow the magnetic beads to fully settle. Slowly rotate the centrifuge tube horizontally once to absorb ethanol.

2.4.6 Repeat steps 2.4.4 and 2.4.5 once, for a total of 2x.

2.4.7 Perform instantaneous centrifugation for 1-3 s, return the tube to the magnetic rack and wait for 30 s. Use a pipette to remove any residual ethanol and keep the tube cover open.

2.4.8 Dry the magnetic beads at room temperature for 2 minutes until the bead surface appears matte and shows no cracks.

2.4.9 Elute the ligation product with 28 µL of elution buffer (EB).

NOTE: Magnetic beads need to be equilibrated at room temperature for at least 30 min before use.

2.5 Amplify and purify the pre-library as described below.

2.5.1 Prepare reaction system pre-mix by adding 10 μL of PCR buffer, 10 μL of PCR primers, 1.5 μL of dNTP mix, 1 μL of PCR enzyme. Gently manually tap 3x-5x and centrifuge for 1-3 s. 

2.5.2 Add 22.5 μL of pre-mix to 27.5 μL of the purified product from the previous step, gently mix, then centrifuge for 1-3 s. 

2.5.3 Select the program PRE: 98 °C 45 s; (98 °C 15 s, 60 °C 30 s, 72 °C 30 s) 12 cycles; 72 °C 2 min; 4 °C Hold; Lid 105 °C. 

2.5.4 After the PCR program is completed, perform magnetic bead purification using freshly prepared 75% ethanol. Elute the product with 18 µL of EB.

2.6 Capture hybrid as described below.

2.6.1 Prepare reaction system A by adding 15 µL of pre-library and 4 µL of blocker mix. 

2.6.2 Place on PCR and run PCR program HYB (95 °C for 5 min; 65 °C Hold; Lid 105 °C).

2.6.3 Prepare reaction system B HYB mix by adding 10 μL of hybridization buffer, 0.5 μL of RNase inhibitor blocker, and 1 μL of probe. Gently flick 3x-5x and centrifuge for 1-3 s. 

NOTE: The probe name is LCOO1, and the probe genes include EGFR, KRAS, BRAF, ALK, etc.

2.6.4 When the temperature of the PCR instrument drops to 65 °C, add 11.5 µL of HYB mix to reaction system A, gently mix, then cover the PCR instrument lid and continue incubation for 16-24 h.

2.6.5 Incubate wash buffer 2 in a 15 mL conical tube with a metal heater at 65 °C at a dosage of 600 µL per sample.

2.6.6 Retrieve SCB magnetic beads, invert and mix 5x, vortex for 10 s, and equilibrate at room temperature for 30 min. Vortex for 10 s, transfer 25 µL to a 1.5 mL low adsorption centrifuge tube, place on a magnetic rack for 3 min, and discard the supernatant.

2.6.7 Add 200 µL of Beads Wash Buffer to the 25 µL SCB magnetic beads, vortex and mix for 3 s, centrifuge momentarily for 1-3 s, let stand on the magnetic rack for 3 min, and discard the supernatant.

2.6.8 Repeat step 2.6.7 2x, for a total of three times.

2.6.9 Add 200 µL of beads wash buffer to the magnetic beads, vortex and mix for 3 s, resuspend for later use.

2.6.10 Transfer approximately 30 µL of the hybrid sample to resuspended SCB magnetic beads, vortex and mix, place on a rotating mixer, incubate at room temperature for 30 min, and centrifuge for 1-3 s.

2.6.11 Place the mixture tube on a magnetic rack for 3 min, then aspirate approximately 230 µL of supernatant. Add 500 µL of Wash buffer 1, vortex for 5 s, place on a rotary mixer, then incubate at room temperature for 15 min. Instantaneous centrifuge for 1-3 s.

2.6.12 Place the magnetic bead sample mixture tube on a magnetic rack and let it stand for 3 min. Then, aspirate approximately 500 µL of supernatant and residual liquid.

2.6.13 Preheat 150 µL of wash buffer 2 to 65 °C, vortex for 10 s, place on a constant temperature mixer, shake, and incubate at 65 °C for 10 min at a speed of 600 rpm. Perform instantaneous centrifugation for 1-3 s, place on a magnetic rack for 3 min, and aspirate approximately 150 µL of supernatant and residual liquid.

2.6.14 Repeat step 2.6.13 3x, for a total of four times.

2.6.15 Instantaneously centrifuge for 1-3 s to remove any residual liquid from the sample tube. Add 20 µL EB, mix up and down 8x-10x, mix well, and place on ice for later use.

2.7 Preparation and purification of the final library.

2.7.1 Prepare the reaction system POST mix by adding 25 μL of amplification mix, 5 μL of index, and 20 μL of magnetic bead library. Gently tap 3x-5x and centrifuge for 1-3 s. Gently mix, centrifuge for 1-3 s. 

2.7.2 Choose program POST: 98 °C 45 s; (98 °C 15 s, 60 °C 30 s, 72 °C 30 s) 12 cycles; 72 °C 10 min; 4 °C Hold; Lid 105 °C.

2.7.3 After the PCR program is completed, perform magnetic bead purification using freshly prepared 75% ethanol. Elute the final library with 20 µL of EB.

[bookmark: OLE_LINK13]3 Fully automated library preparation (Table 5)

3.1 Press the Power button to activate the system and wait for initialization. Navigate to Program Setting and select Run Protocol, then select Protocol: Burning Rock HS.

3.2 Set the aliquot QC parameters as Sample Type: High Quality DNA; Input Amount (ng): 50; Pre PCR Cycles: 12; Post PCR Cycles: 12. Click RUN.

3.3 Insert prepackaged reagent cartridge into the designated slot (automatically validates reagent placement and status).

3.4 After loading samples, press Start to make the system run autonomously. Observe LED indicators to monitor progress.

3.5 After the program ends, click OK and the program will automatically transfer the final library into the library tube, finalizing the library preparation.

4 Sequencing and QC

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]4.1 Perform library quantification and QC as described below.

4.1.1 Measure the pre-library and total library concentration using fluorometry.

4.1.2 Detect the fragment size of the library. Use a kit to assess the fragment size of the library and the presence of adapters (Table of Materials).

NOTE: If the final library contains primer dimers, an additional purification step must be added before mixing the samples on the machine. The qualified standard for inserting fragments is ≥ 150 bp, and the expected capture efficiency is ≥ 40 %.

4.1.3 Dilute the sequencing library to 1.6 pM and 1300 μL for sequencing operations.

4.2 Carry out sequencing environment monitoring as described below.

4.2.1 Control the sequencing environment, including indoor temperature (19-25 °C), indoor humidity (20%-80%).

4.2.2 Complete instrument output data QC, including base above Q30, and cluster density passing filter (PF).

5 Sequencing data analysis and QC 

[bookmark: OLE_LINK10]5.1 Perform raw data processing and molecular profiling as described below.

5.1.1 Use Burrows-Wheeler Aligner (version 0.7.10) to align sequencing data to hg19.

5.1.2 Perform local alignment, optimization, duplication marking, and variant calling using Genome Analysis Tool Kit (version 3.2) and Vardict (version 1.5.1). 

5.1.3 Filter variants using the VarScan (version 2.4.3) fpfilter pipeline and remove loci with depths less than 50. Classify and exclude variants with population frequency over 0.1% in the ExAC, 1000 Genomes, dbSNP, or ESP6500SI-V2 databases as single nucleotide polymorphisms (SNPs). 

5.1.4 Annotate the remaining variants using SnpEff (version 3.6). 

5.1.5 Analyze Structural variants (SVs), including large genomic rearrangements (LGRs), using MarkSV (Burning Rock algorithm tool). Analyze copy number variants (CNVs) based on the depth of coverage data of capture intervals. 

5.1.6 Correct coverage data for sequencing biases resulting from guanine-cytosine content and probe design.

5.2 Assess sample quality, including mean depth, median depth, unique depth, insert size, lib complexity, coverage, Q30 ratio, and paired sample correlation ratio as described in25.

5.3 For report generation, verify pipeline version and parameters to complete bioinformatics review. Use relevant guidelines to evaluate the pathogenicity of mutations26,27. Issue final report.

RESULTS:
Utilizing an automated NGS analysis workflow with stringent quality controls, the laboratory performed comprehensive genomic profiling of NSCLC specimens. The optimized detection workflow (Figure 2) reliably identified several clinically actionable genomic alterations in representative tumor samples (Figure 3). 

The sequencing results demonstrated a high-frequency EGFR p.L858R missense mutation (AF=89.25%) accompanied by significant EGFR gene copy number amplification (CN=14.7). Additionally, moderate amplification of the MET gene (CN=5.0) and low-level amplification of the BRAF gene (CN=3.8) were observed. No other pathogenic gene alterations were detected in the panel analyzed. Regarding immunotherapy-related biomarkers, the results demonstrated an intermediate tumor mutation burden (TMB=9.0 mutations/Mb) and microsatellite stable status (MSS; Table 6).

The repeatability of the workflow was evaluated by performing four independent replicate experiments using the standard MPC01. As shown in Table 7, all targeted gene loci, including ALK, BRAF, KRAS, and ROS1, achieved 100% detection rate. Each mutation was consistently detected in every repeated experiment, with a compliance rate meeting the requirement, and the abundance values remained within the normal fluctuation range.

FIGURE AND TABLE LEGENDS:
Figure 1: NGS testing process and QC nodes. A schematic representation of the workflow is given here.

Figure 2: NGS full process quality control. Quality control is implemented throughout the entire NGS testing workflow.

Figure 3: Gene copy number distribution plot. The figure shows the copy number distribution of all genes. Each point represents a capture interval of a gene, and the highlighted colored points focus on genes with copy number variations. The horizontal axis represents the chromosomal position where the gene is located, and the vertical axis represents the copy number calculated based on NGS methodology (the red horizontal line represents the copy number of normal genes). The copy number obtained by NGS detection may be diluted by the normal cell DNA contained in the detected DNA sample and therefore does not represent the copy number of genes contained in each cell.

Table 1: Sample Information Registration

Table 2: NGS Quality Control Form

Table 3: DNA Integrity Classification Standards

Table 4: ME220 facility interruption parameter setting

Table 5: Quality Control

Table 6: Sequencing results

Table 7: Consistency ratio of QC indicators

DISCUSSION: 
Every qualified NGS report lies behind a rigorous process, which remains complex and time-consuming28. To address these issues, the laboratory developed a fully automated NGS system. This operation significantly reduces manual intervention, minimizes experimental errors, and substantially shortens turnaround time. Therefore, this system has provided a more reliable and efficient strategy for NGS, establishing a new thought for data quality in genomic research. 

The integrated system features comprehensive automation across the entire workflow, delivering enhanced processing efficiency and result reliability. First, for nucleic acid extraction, the laboratory uses an automated magnetic bead-based nucleic acid extraction system to process FFPE samples. As common archived specimens in hospital pathology laboratories, FFPE samples have important retrospective research value, but their nucleic acids are prone to damage, and traditional extraction processes are cumbersome29. The automated system precisely controls steps including lysis, binding, washing, and elution, not only reducing manual operation errors but also enabling high-throughput processing, significantly improving DNA/RNA purity and yield.
Additionally, ultrasonication is used for DNA fragmentation in the laboratory. Compared to enzymatic methods, ultrasonication can directly produce DNA fragments suitable for downstream detection without requiring additional purification steps30. It must be noted that the products processed in the laboratory generate DNA fragments with sticky ends, which require end repair to convert them into blunt ends for subsequent operations. The subsequent end repair, A-tailing, and adapter ligation are all performed by the system through precise reagent dispensing and automated incubation/purification. Hybridization capture is achieved through automated probe hybridization and target region enrichment. PCR amplification is programmatically controlled for cycle numbers and temperature. Through standardized operations, the laboratory can reduce batch-to-batch variations while decreasing manual operation time, effectively shortening the turnaround time. Finally, library QC, sequencing loading, and data analysis are also done using this automated system.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In terms of QC, the laboratory has established a comprehensive QC system covering the entire workflow (Table 4). Automated library QC ensures standardized operations (achieving one-click QC through integrated analysis tools) and traceability (allowing failed samples to be traced back to upstream operations). Furthermore, the laboratory has implemented a multi-level QC system: pre-sample QC, pre-sequencing QC, in-run sequencing QC, data analysis QC, and final report verification before issuance. QC in NGS workflows begins with pre-sequencing steps where the required DNA input quantity varies significantly depending on both the intended sequencing application and tissue type, with special considerations for solid tissue samples based on their preservation method (fresh-frozen versus FFPE)17, the latter requiring additional assessment of DNA fragmentation levels31. During library preparation, critical QC points include monitoring the library yield, verifying proper fragment size distribution, and evaluating hybridization capture efficiency for targeted approaches, supplemented by final pre-sequencing checks of library quantification, insert size, and adapter presence. The sequencing phase requires platform-specific quality monitoring to address inherent technological limitations, such as homopolymer errors or GC bias, implemented through real-time tracking of run metrics32. Finally, in data analysis, it is necessary to focus on QC of sequencing depth and library complexity to ensure variant detection reliability. Through this multi-level QC framework, the laboratory ensures that every step, from sample processing to final reporting, complies with clinical testing standards, thereby providing reliable data support for precision medicine.

While the system has optimized NGS, it still exhibits certain limitations and challenges29. Biological challenges include tumor heterogeneity, poor tumor cellularity, and FFPE-derived nucleic acid33. Technical constraints include probe design limitations, PCR amplification biases, sample multiplexing artifacts, and inter-batch variability. These challenges may introduce data inconsistencies and compromise the reproducibility of results. Moreover, short-read sequencing struggles to reliably identify complex structural variations like gene fusions, compounded by uneven coverage in high/low GC regions and interference from nucleic acid secondary structures that collectively impair detection efficiency34. Long-read sequencing technology provides a powerful solution to overcome these challenges, and future work will explore how to combine it with long-read data to obtain more comprehensive genomic variation information.

In the actual operation process of the laboratory, various problems or malfunctions may be encountered. The ability to troubleshoot and resume experiments is essential. There are generally three types of common laboratory malfunctions, apart from environmental factors. The first type is operational issues, such as human errors or improper operation. For example, errors or omissions in the operation process, forgetting to add a key reagent, performing critical steps, or incorrect order of reagent addition. Solutions include strengthening standardized training on basic operational skills, especially in pipetting and aseptic techniques, repeatedly checking the protocol and reagent labels multiple times before, during, and after the experiment. It is necessary to set up positive and negative controls, which are the gold standard, indicating whether the operation is successful. The simplest and most effective method when the results are abnormal is to repeat the experiment from scratch. The second issue is with the reagents, such as expiration, deterioration due to improper storage conditions, repeated freeze-thaw cycles, evaporation, deliquescence, or oxidation from loosely sealed containers. Solutions include confirming that reagents are within their expiration dates and stored under appropriate conditions, avoiding repeated freeze-thaw cycles, and preventing contamination. Use different batches of reagents for validation when suspecting batch issues. Record in detail the item and batch numbers of all reagents used in the experiment for easy traceability in case of any issues. The third type is an instrument issue, including lack of calibration over extended periods, equipment malfunctions, or problems with consumables and accessories. Solution approaches include strictly following the daily maintenance requirements, regularly calibrating by professional personnel, using standard products, and pasting status labels. Before starting the experiment, briefly check the status of the instrument and pay attention to any abnormal sounds or alarm messages during operation. In short, when problems arise during the experimental process, the first step is to review the operations to confirm any missed steps or operational errors. The substitution method can also be employed for troubleshooting, such as changing operators, reagent batches, or instruments of the same model. If the problem persists, seek help from colleagues or engineers from reagent and instrument manufacturers. Through such systematic analysis and troubleshooting, the vast majority of laboratory failures can be identified and resolved.

In summary, NGS has both technological advantages and challenges in the detection of driver alterations in NSCLC. Through automated experimental processes and strict QC procedures, it may provide a fast, accurate, and comprehensive report, which helps with the precise diagnosis and treatment of lung cancer.

ACKNOWLEDGMENTS: 
This study was supported by the Residency Training Teaching Research Fund of Cancer Hospital, Chinese Academy of Medical Sciences, and Peking Union Medical College (E2025004)

DISCLOSURES:
The authors have no conflicts of interest to disclose.

REFERENCES: 
1. Feng, R. M., Zong, Y. N., Cao, S. M., Xu, R. H. Current cancer situation in China: Good or bad news from the 2018 global cancer statistics? Cancer Commun (Lond). 39 (1), 22 (2019).
2. Siegel, R. L., Kratzer, T. B., Giaquinto, A. N., Sung, H., Jemal, A. Cancer statistics, 2025. CA Cancer J Clin. 75 (1), 10–45 (2025).
3. Sung, H. et al. Global cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 71 (3), 209–249 (2021).
4. Fukuoka, M. et al. Multi-institutional randomized phase II trial of gefitinib for previously treated patients with advanced non-small-cell lung cancer. J Clin Oncol. 41 (6), 1162–1171 (2023).
5. Kris, M. G. et al. Efficacy of gefitinib, an inhibitor of the epidermal growth factor receptor tyrosine kinase, in symptomatic patients with non-small cell lung cancer: A randomized trial. JAMA. 290 (16), 2149–2158 (2003).
6. Zhou, C. et al. Erlotinib versus chemotherapy as first-line treatment for patients with advanced EGFR mutation-positive non-small-cell lung cancer (OPTIMAL, CTONG-0802): A multicentre, open-label, randomised, phase 3 study. Lancet Oncol. 12 (8), 735–742 (2011).
7. Wu, K., House, L., Liu, W., Cho, W. C. Personalized targeted therapy for lung cancer. Zhongguo Fei Ai Za Zhi. 16 (8), C21–34 (2013).
8. Sharma, S. V., Settleman, J. Oncogenic shock: Turning an activated kinase against the tumor cell. Cell Cycle. 5 (24), 2878–2880 (2006).
9. Kumar, S. S. et al. High early growth response 1 (EGR1) expression correlates with resistance to anti-EGFR treatment in vitro and with poorer outcome in metastatic colorectal cancer patients treated with cetuximab. Clin Transl Oncol. 19 (6), 718–726 (2017).
10. Li, D. et al. Status of 10 targeted genes of non-small cell lung cancer in Eastern China: A study of 884 patients based on NGS in a single institution. Thorac Cancer. 11 (9), 2580–2589 (2020).
11. Wen, S. et al. Genomic signature of driver genes identified by target next-generation sequencing in Chinese non-small cell lung cancer. Oncologist. 24 (11), e1070–e1081 (2019).
12. Tan, N., Li, Y., Ying, J., Chen, W. Histological transformation in lung adenocarcinoma: Insights of mechanisms and therapeutic windows. J Transl Int Med. 12 (5), 452–465 (2024).
13. Coco, S. et al. Next generation sequencing in non-small cell lung cancer: New avenues toward personalized medicine. Curr Drug Targets. 16 (1), 47–59 (2015).
14. Yang, X. et al. The molecular and cellular choreography of early mammalian lung development. Med Rev. 4 (3), 192–206 (2024).
15. Wang, R., Wang, G., Zhang, N., Li, X., Liu, Y. Clinical evaluation and cost-effectiveness analysis of serum tumor markers in lung cancer. Biomed Res Int. 2013, 195692 (2013).
16. McGinn, S., Gut, I. G. DNA sequencing—spanning the generations. Nat Biotechnol. 30 (4), 366–372 (2013).
17. Larson, N. B., Oberg, A. L., Adjei, A. A., Wang, L. A clinician’s guide to bioinformatics for next-generation sequencing. J Thorac Oncol. 18 (2), 143–157 (2023).
18. McCombie, W. R., McPherson, J. D., Mardis, E. R. Next-generation sequencing technologies. Cold Spring Harb Perspect Med. 9 (11), a036798 (2019).
19. Van Dijk, E. L., Jaszczyszyn, Y., Thermes, C. Library preparation methods for next-generation sequencing: Tone down the bias. Exp Cell Res. 322 (1), 12–20 (2014).
20. Rao, W. et al. Potential unreliability of ALK variant allele frequency in the efficacy prediction of targeted therapy in NSCLC. Front Med. 17 (3), 493–502 (2023).
21. Koontz, L. Agarose gel electrophoresis. Methods Enzymol. 529, 35–45 (2013).
22. Holmes, D. L., Stellwagen, N. C. Electrophoresis of DNA in oriented agarose gels. J Biomol Struct Dyn. 7 (2), 311–327 (1989).
23. Liu, D. et al. Quality control of next-generation sequencing-based in vitro diagnostic test for onco-relevant mutations using multiplex reference materials in plasma. J Cancer. 9 (9), 1680–1688 (2018).
24. Zhang, C. et al. An improved NGS library construction approach using DNA isolated from human cancer formalin-fixed paraffin-embedded samples. Anat Rec (Hoboken). 302 (6), 941–946 (2019).
25. Wood, D. E. National comprehensive cancer network (NCCN) clinical practice guidelines for lung cancer screening. Thorac Surg Clin. 25 (2), 185–197 (2015).
26. Chinese Society of Pathology Quality Control, Chinese Medical Association Chinese Society of Oncology, China Anti-Cancer Association Chinese Society of Lung Cancer, Chinese Thoracic Oncology Group. Guidelines on clinical practice of molecular tests in non-small cell lung cancer in China. Zhonghua Bing Li Xue Za Zhi. 50 (4), 323–332 (2021).
27. Rao, W. et al. Developing an effective quality evaluation strategy of next-generation sequencing for accurate detecting non-small cell lung cancer samples with variable characteristics: A real-world clinical practice. J Cancer Res Clin Oncol. 149 (8), 4889–4897 (2023).
28. Hutchins, R. J. et al. Practical guidance to implementing quality management systems in public health laboratories performing next-generation sequencing: Personnel, equipment, and process management (Phase 1). J Clin Microbiol. 57 (8), e00261-19 (2019).
29. Haile, S. et al. Automated high throughput nucleic acid purification from formalin-fixed paraffin-embedded tissue samples for next generation sequence analysis. PLoS One. 12 (6), e0178706 (2017).
30. Larguinho, M. et al. Development of a fast and efficient ultrasonic-based strategy for DNA fragmentation. Talanta. 81 (3), 881–886 (2010).
31. Xuan, J., Yu, Y., Qing, T., Guo, L., Shi, L. Next-generation sequencing in the clinic: Promises and challenges. Cancer Lett. 340 (2), 284–295 (2013).
32. Senst, A., Bonsiepe, H., Kron, S., Schulz, I. Application of the Agilent 2100 bioanalyzer instrument as quality control for next-generation sequencing. J Forensic Sci. 69 (6), 2192–2196 (2024).
33. Li, W., Qiu, T., Ling, Y., Gao, S., Ying, J. Subjecting appropriate lung adenocarcinoma samples to next-generation sequencing-based molecular testing: Challenges and possible solutions. Mol Oncol. 12 (5), 677–689 (2018).
34. Li, W. et al. Potential unreliability of uncommon ALK, ROS1, and RET genomic breakpoints in predicting the efficacy of targeted therapy in NSCLC. J Thorac Oncol. 16 (3), 404–418 (2021).


