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Abstract

:

Simple Summary


Performing multi-gene testing for detecting driver oncogene alterations is essential to avoid missing treatment opportunities with appropriate targeted therapies, including in cases with rare driver oncogene alterations. However, multi-gene testing has not been sufficiently implemented under the condition that the Oncomine Dx Target Test is only available in clinical settings in Japan. This study evaluated the recent status of multi-gene panel tests in our institution under the condition that both the Oncomine Dx Target Test and Amoy Dx® Pan Lung Cancer PCR panel were available. A favorable submission rate and success rate of multi-gene testing were shown, along with a favorable detection rate in recent clinical settings. As our practice of multi-gene testing has matured and the number of options for multi-gene testing with different characteristics has increased, it has become feasible to perform multi-gene testing on the majority of patients with non-small-cell lung cancer.




Abstract


Some multi-gene panel tests have been implemented in clinical settings to guide targeted therapy in non-small-cell lung cancer (NSCLC) in Japan. The current performance of multi-gene panel tests under the condition that the Oncomine Dx Target Test (ODxTT) and Amoy Dx® Pan Lung Cancer PCR panel (AmoyDx-multi) are available remains relatively unknown. We retrospectively reviewed consecutive patients with NSCLC, whose FFPE samples were considered for genetic testing. We assessed the submission rates, the success rates, and the driver oncogene detection rates of multi-gene panel tests. A total of 225 patients were histologically newly diagnosed with NSCLC or diagnosed with a recurrence of NSCLC without a previous multi-gene panel test at our institution. Among the 225 patients, the FFPE samples of 212 patients (94.2%) were submitted for multi-gene panel testing, including 191 samples (84.9%) for the ODxTT and 21 samples (9.3%) for the AmoyDx-multi. Among the 212 samples submitted to multi-gene panel tests, the success rate was 99.5% (211/212). The detection rate of driver oncogene alterations for all histologies was 52.4% (111/212), and that for adenocarcinoma was 69.7% (106/152). A favorable submission rate and success rate of multi-gene panel tests were shown, along with a favorable detection rate in recent clinical settings.
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1. Introduction


The identification of targetable driver alterations and the development and clinical application of targeted therapies for non-small-cell lung cancer (NSCLC) are progressing rapidly. For NSCLC harboring driver alterations, targeted therapy markedly improves patient outcomes and quality of life [1,2]. The appropriate screening of driver alterations has therefore become a necessary step for patients diagnosed with NSCLC.



As the number of driver oncogene alterations recommended for detection in clinical settings has increased, it has become difficult to analyze all of the recommended genes using multiple single-gene tests due to increased tissue consumption and increased genetic testing costs [3]. Furthermore, the success rates of the ordered tests have decreased [4]. A recent report suggests that a multi-gene panel test performed prior to the initiation of systemic treatment can potentially enhance prognosis by detecting a wider range of driver oncogene alterations than multiple single-gene tests [5]. The importance of performing a multi-gene panel test for comprehensive biomarker analysis has therefore increasingly been relied upon to avoid missing treatment opportunities with appropriate targeted therapies, including in cases with rare driver oncogene alterations.



The Oncomine Dx Target Test (ODxTT) (Ion Torrent PGM Dx Sequencer; Thermo Fisher Scientific, Waltham, MA, USA) is one of the NGS panels that can detect a total of 46 genes, including 35 genes by DNA sequence and 21 genes by RNA sequence simultaneously. It has been approved by the Ministry of Health, Labor and Welfare of Japan since February 2019 as a companion diagnostic for targeted therapies on four driver alterations: EGFR mutations, ALK fusions, ROS1 fusions, and BRAF V600E mutations [6]. In addition, RET fusions were added as a companion diagnostic of the ODxTT in clinical use in September 2021 in Japan, and the use of the ODxTT for the detection of HER2 mutations was additionally approved in May 2023. Following clinical use of the ODxTT, the Amoy Dx® Pan Lung Cancer PCR panel (AmoyDx-multi) (Amoy Diagnostics Co., Ltd., Xiamen, China), a multi-PCR panel which can detect a total of 11 genes, including 4 genes using DNA and 7 genes using RNA, has been approved for use in Japan since June 2021 as a companion diagnostic for targeted therapies on four driver alterations: EGFR mutations, ALK fusions, ROS1 fusions, and BRAF V600E mutations. Additionally, MET Ex.14 skipping mutations, KRAS G12C mutations, and RET fusions have been approved as companion diagnostics of the AmoyDx-multi since August 2022, November 2022 and March 2023, respectively. Each of these multi-gene panel tests has its own characteristics, including the number of genes to be tested, the range of detectable variants, the limits of detection (LOD) for each gene, and the turnaround time (TAT), defined as the period from submission for the genetic tests to the result reporting. Each of these multi-gene panel tests also has its own appropriate sample criteria to be submitted, including the amount of nucleic acid required, quality controls, and recommended tumor content. It is recommended that FFPE specimens be submitted for both tests, as this is required to assess tumor content.



In general, the samples submitted for multi-gene panel tests are required to be of more sufficient quantity and better nucleic acid quality than for conventional single-gene tests to avoid unsuccessful analysis [7,8,9]. The analysis of multi-gene panel tests using inappropriate specimens may lead to erroneous test results and lost treatment opportunities for patients harboring driver alterations, resulting in significant disadvantages for the patient’s prognosis. To ensure promising results from the use of multi-gene panel tests, more stringent sample handling is required than for conventional single-gene tests. Although the success rates and submission rate of the ODxTT have gradually increased due to efforts aimed at obtaining sufficient tumor samples and appropriate sample handling in each institution [10,11], few reports mention the current achievements of multi-gene panel tests, including the submission rates, success rates, and detection rates of driver oncogene alterations, under the condition that AmoyDx-multi is also available.



In this study, we retrospectively evaluated the recent status of multi-gene panel tests in our institution under the condition that both ODxTT and AmoyDx-multi were available.




2. Materials and Methods


2.1. Patient Selection


This retrospective study was conducted at Matsusaka Municipal Hospital, Japan. We reviewed electronic data from consecutive patients who were either histologically newly diagnosed with NSCLC or were histologically diagnosed with a recurrence of NSCLC without previous multi-gene panel test analysis in our institution from March 2022 to December 2022. Referred patients whose samples obtained at other hospitals had been submitted for genetic tests and patients diagnosed only with cytological samples were excluded. Clinical data assessments included patient characteristics, clinical stage, sampling methods, pathological findings, and the results of genetic tests. This study was performed in accordance with the Declaration of Helsinki. This study was approved by the institutional review board of Matsusaka Municipal Hospital (IRB number J-238-230420-3-2) on the 22 April 2023. Informed consent was obtained through an opt-out method.




2.2. Sampling Methods and FFPE Sample Preparation


Small tissue samples collected by endobronchial biopsy/transbronchial biopsy (EBB/TBB), transbronchial needle aspiration (TBNA), fine-needle aspiration (FNA), computed tomography-guided percutaneous needle biopsy (CTNB), and pleural biopsy were immediately placed in 10% neutral buffered formalin (NBF) and fixed for about 12 to 24 h at room temperature (RT). In samples obtained by TBNA and FNA, core tissues were handled as tissue samples and fixed with formalin as well [12]. In cases of surgical resection, we took 10 mm × 10 mm samples in tumor-rich areas for genetic testing concurrently when sampling for intraoperative rapid diagnosis (IRD), and the samples were immediately placed in 10% NBF and fixed over 24 to 48 h at RT for appropriate formalin fixation [13]. If sampling for genetic testing was difficult due to a small tumor volume in cases of limited resection surgery, including lung segmentectomy and wedge resection, all the limited resection samples were injected with 10% NBF using a syringe and immediately put in 10% NBF after sampling for IRD and fixed as above. In cases where the surgical resection was performed on a Friday, the duration of formalin fixation was permitted for up to 72 h because large samples obtained by surgical resection are prone to RNA analysis failure due to inadequate formalin fixation [11,12]. Formalin-fixed tissues underwent serial processing and were embedded in paraffin to create formalin-fixed and paraffin-embedded (FFPE) blocks with meticulous care to avoid nuclease contamination. For small tissue samples, a couple of samples were embedded in an FFPE block. The number of tumor cells and the tumor content of the samples stained with hematoxylin and eosin were evaluated by skilled cytopathologists. Macro-dissection and marking were performed as needed.



Regarding genetic test selection in our institution, samples were submitted for the ODxTT if the tumor content was ≥30% after marking and macro-dissection as needed, which was the recommended tumor content for testing, the number of tumor cells was more than 200 cells in a section, and the presence of necrosis was less than 20% [14]. If the tumor content was between 20% and 30% after marking and macro-dissection, the number of tumor cells in a section was between 100 and 200 cells, the presence of necrosis was between 20% and 50%, or the prompt results of the genetic tests were required in a case of clinical emergency, the samples were submitted for AmoyDx-multi testing. Samples which failed to meet the above conditions due to low tumor content, an insufficient number of tumor cells, or excessive necrosis were considered unsuitable for multi-gene testing and were either submitted for feasible single-gene testing only or re-biopsy was considered. Regarding the number of sections for submission to multi-gene testing, 5 to 10 slide-mounted 8 µm sections of the surgical samples and 10 to 20 slide-mounted 8 µm sections of small biopsy samples, depending on tumor amount, as shown in Table 1, were submitted to LSI Medience Laboratories (Tokyo, Japan). LSI Medience Laboratories performed the ODxTT based on Thermo Fisher’s Ion AmpliSeq technology and the AmoyDx-multi tests based on real-time PCR in accordance with the manufacturer’s instructions. In cases of clinical emergencies, in-house AmoyDx-multi testing was performed in accordance with the manufacturer’s instructions because its TAT was shorter than the outsourced inspection of the AmoyDx-multi and ODxTT.




2.3. Outcomes


We evaluated the submission rates, success rates, and detection rates of the driver oncogenes of the tests. The analysis results were regarded as successful if all of the results of the companion diagnostics for each test were completely available: EGFR, ALK, ROS1, BRAF, and RET for ODxTT and EGFR, ALK, ROS1, BRAF, and MET Ex14 skipping for AmoyDx-multi. Analysis results were regarded as unsuccessful if the sample did not pass the nucleic acid concentration threshold, if one or more of the companion diagnostic results mentioned above were invalid due to a failure to meet the DNA and RNA sample quality control (QC) metrics or “No Call” results for the ODxTT, or if the sample did not pass any of the thresholds of internal controls for RNA and external controls for DNA for the AmoyDx-multi test. The driver genes for the detection rate were evaluated using the genes detectable for both the ODxTT and AmoyDx-multi, including genes other than the companion diagnostics: EGFR, ALK, ROS1, BRAF, RET, MET Ex14 skipping, KRAS, NTRK, and ERBB2.





3. Results


3.1. Sample Characteristics


A total of 229 patients were newly diagnosed with NSCLC or diagnosed with a recurrence of NSCLC without a previous submission of a multi-gene panel test at our institution. Four of them were diagnosed only by cytological sample, with a total of two hundred and twenty-five patients histologically diagnosed. The characteristics of the 225 patients are shown in Table 2. About half of the sampling methods were by EBB/TBB (52.0%), followed by surgical resection (20.9%) and CTNB (15.1%). The majority (70.2%) had adenocarcinoma, and less than half (36.9%) of the patients had clinical stage IVA or IVB or recurrence. The characteristics of the patients whose samples were submitted to each multi-gene panel test are shown in detail in Table A1.




3.2. The Submission Rate and the Success Rate of Multi-Gene Panel Tests


The details of the sampling method for the 225 patients and the submission rate and the success rate of the multi-gene tests are shown in Figure 1. Among the 225 patients, the FFPE samples for 212 patients (94.2%) were submitted to multi-gene panel tests, including 191 samples (84.9%) for the ODxTT and 21 samples (9.3%) for the AmoyDx-multi. Six patients who were histologically diagnosed by small tissue samples in the operable stage received an operation, and their surgical samples were submitted to a multi-gene panel test due to inappropriately small tissue samples. One patient diagnosed by TBB/EBB and two patients diagnosed by EBUS-TBNA in advanced stages required re-biopsy to submit the samples for multi-gene panel tests. The FFPE samples from 13 patients (5.8%) were not submitted for multi-gene panel testing due to an insufficient amount of tumor cells in nine samples, excessive necrosis in two samples, low tumor content in one sample, and the physician’s decision in one sample.



Among the 212 samples submitted for multi-gene panel tests, the overall success rate was 99.5% (211/212). Only one sample obtained by EBUS-TBNA returned invalid RNA results from the ODxTT.




3.3. The Results of Multi-Gene Panel Tests


The results of the multi-gene panel tests for all histologies and adenocarcinomas are shown in Figure 2. The detection rate of driver oncogene alterations for all histologies was 52.4% (111/212), and that for adenocarcinomas was 69.7% (106/152). Each result of the ODxTT and AmoyDx-multi analyses for all histologies and adenocarcinomas is shown in Figure 3. The detection rate of the ODxTT was 55.0% (105/191), and that of the AmoyDx-multi was 28.6% (6/21) for all histologies. The detection rate was 72.5% (100/138) for the ODxTT and 42.9% (6/14) for the AmoyDx-multi for adenocarcinoma. Among the cases of adenocarcinoma, the details of the detected driver alterations of the ODxTT are as follows: EGFR Ex.19 deletion (n = 22, 15.9%), EGFR Ex.21 L858R (n = 29, 21.0%), EGFR Ex.20 insertion (n = 3, 2.2%), EGFR uncommon/compound mutations (n = 4, 2.9%), KRAS G12C mutation (n = 7, 5.1%), other KRAS mutations (n = 18, 13.0%), MET Ex.14 skipping (n = 5, 3.6%), ERBB2 Ex.20 insertion (n = 5, 3.6%), ALK fusion (n = 4, 2.9%), and BRAF V600E mutation (n = 3, 2.2%). The details for the AmoyDx-multi test are as follows: EGFR Ex.19 deletion (n = 5, 14.3%), EGFR Ex.21 L858R (n = 3, 21.4%), and MET Ex.14 skipping (n = 1, 7.1%). In non-adenocarcinoma cases, one EGFR Ex.19 deletion, one KRAS G12C mutation, two KRAS other mutations, and one MET Ex.14 skipping were detected with the ODxTT; meanwhile, no driver alterations were detected with the AmoyDx-multi test.





4. Discussion


Compared with an earlier period when the first multi-gene panel test, the ODxTT, was introduced into clinical practice in Japan [9,10,15], our results showed that the submission rate and the success rate of multi-gene panel tests have greatly improved. A recent report suggests that a multi-gene panel test performed prior to the initiation of systemic treatment can potentially enhance prognosis by detecting a wider range of driver oncogene alterations than multiple single-gene tests [5], and therefore the improvement in the submission rate and success rate of multi-gene panel tests is expected to contribute to a good prognosis for patients with NSCLC in clinical practice. This improvement has come from various efforts to submit samples of appropriate quantity and quality [13,16], learning from other reports [12,17], the availability of AmoyDx-multi testing, and improved handling proficiency in laboratory inspections. A previous report showed that tissue size and tumor cell content were significantly associated with a good ODxTT success rate in small biopsy samples, especially when specimens with a tissue size of 4 mm2 or larger and a tumor cell content of 20% or more are available [17]. Another report showed that the number of core tissue samples was the most important contributing factor to the success of ODxTT using EBUS-TBNA specimens and recommended that bronchoscopists should perform a sufficient number of punctures to obtain ≥four core tissue samples for successful NGS in EBUS-TBNA [12]. These reports provide important indications for collecting sufficient sample volumes for the ODxTT. For suitable-quality samples, the Japanese Society of Pathology established practical guidelines on the handling of pathological tissue samples for oncologic genome medicine [18]. Furthermore, it has been reported that RNA analysis by ODxTT is more likely to fail for larger specimens, especially for surgical samples [11]. We previously reported that a modified lobectomy sample preparation process could improve the success rate of the ODxTT due to refined RNA quality [13]. Regarding false negative results from multi-gene panel tests related to tumor content, several reports have compared the ODxTT with single-gene tests for EGFR mutations [19,20,21]. The cause of some of the discordant results comes from the difference in the LOD between the tests. As a result, the precise evaluation of tumor content with collaborative work between pathologists and artificial intelligence is expected [22] because recent studies have reported that high variability and low reproducibility exist among individual pathologists [23,24,25]. Furthermore, we also previously reported that some discordant cases between the ODxTT and single-gene testing resulted from the difference in the range of detectable variants between the tests, and these discordant cases had clinically suitable responses to EGFR-TKIs [21]. Real-time PCR in the AmoyDx-multi requires fewer steps than NGS, leading to a shorter TAT, and it is expected that the analysis can be performed with smaller amounts of both DNA and RNA and with a low tumor content. Therefore, the clinical application of the AmoyDx-multi test would broaden the opportunity for patients to obtain the results of multi-gene panel tests. A retrospective study showed that the AmoyDx-multi test had a higher success rate, a shorter turnaround time, and a higher detection rate than NGS panels [26]. Our results showed the detection rate of the AmoyDx-multi test was lower compared with the ODxTT; however, this would depend on the selection criteria for multi-gene panel tests in our institution. In fact, inappropriate specimens might have been submitted for the AmoyDx-multi test in this study, including specimens with an inadequate volume, a low tumor content, and rich necrosis, resulting in false negative results. It is also considered that driver oncogene alterations may be less common in NSCLC with rich necrosis.



Recently, the lung cancer compact panel (LCCP), which is an amplicon-based high-sensitivity next-generation sequencing panel test capable of measuring eight druggable genes, was approved as a companion diagnostic for EGFR mutations, ALK fusions, ROS1 fusions, and MET Ex.14 skipping mutations in November 2022 in Japan. A previous study showed the application of the LCCP for cytological specimens as a prospective validation study [27]. The prospective study revealed a high success rate and favorable detection rate for the test using cytological specimens. The application of cytological specimens will further broaden the opportunity for patients to obtain the results of multi-gene panel testing because there are a certain number of cases in which a sufficient amount of tissue cannot be collected for multi-gene panel tests.



The appropriate timing for performing multi-gene panel tests among patients with early-stage NSCLC is controversial due to problems with the health insurance systems in each country. Ideally, we consider that samples should be submitted for testing at the time of diagnosis. Because it is not always possible to carry out a biopsy from the site of recurrence at the time of recurrence, even if the archived surgical specimens were considered for submission to multi-gene panel tests at the time of recurrence, the nucleic acid in the specimen may have deteriorated over time, especially in early-stage lung cancer, which would take longer to recur. Furthermore, neoadjuvant and perioperative therapies with a combination of immunotherapy and cytotoxic chemotherapy have significantly improved EFS and the complete pathological response compared with conventional neoadjuvant cytotoxic chemotherapy alone, with a manageable safety profile in patients with resectable NSCLC [28,29,30]. Patients with documented EGFR mutations and ALK rearrangements were excluded from these studies. In addition, adjuvant osimertinib therapy among patients with a completed resection of EGFR-mutated NSCLC has already become available in clinical settings as a result of the ADAURA trial [31,32]. Therefore, the driver alteration profile has become information that should be analyzed preoperatively when choosing perioperative therapy. The results of multi-gene panel tests at the time of diagnosis of non-small-cell lung cancer, regardless of stage, will become increasingly important in the future.



There were several limitations to this study. First, this study was a small retrospective study carried out at a single institution; therefore, the generalizability of our results is limited because the specimen sampling strategy and the skill involved in specimen handling will vary in each institution. Further evaluation with a larger multicenter cohort is needed to understand the recent trends in multi-gene panel tests in Japan as a whole. Second, the policy on whether or not to submit samples for multi-gene panel tests varies depending on the stage and histological type between institutions and countries due to problems with the health insurance systems in each country. The results of this study were obtained in the specific medical environment of Japan; therefore, these results may vary in different health care settings or in different situations of accessibility to genetic testing resources and technologies. In our institution, the multi-gene panel tests were performed at the time of diagnosis of NSCLC, regardless of the stage and histological type, for the reasons mentioned above. Third, the accuracy of the results for driver oncogene alterations that are not companion diagnostics for both tests is not guaranteed. Fourth, this study did not analyze the economic costs of genetic testing. Further evaluation of this aspect in Japan would be needed, although a single-center retrospective study in another country reported that NGS is less expensive, more reliable, and requires less tissue than sequential single-gene testing in patients with lung adenocarcinoma [3]. Finally, this study could not compare the performance between the ODxTT and AmoyDx-multi test because the specimens submitted to the AmoyDx-multi test were unfavorable compared with those submitted to the ODxTT.




5. Conclusions


The submission rate and success rate of multi-gene panel tests have greatly improved, with a favorable detection rate compared with when the first multi-gene panel test became available in Japan. Future studies are needed to determine the appropriate selection of multi-gene panel tests.
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Table A1. Patient characteristics for submission to multi-gene panel tests.






Table A1. Patient characteristics for submission to multi-gene panel tests.





	
Characteristics

	
Multi-Gene Test

	
ODxTT

	
AmoyDx-Multi




	
n = 212

	
(%)

	
n = 191

	
(%)

	
n = 21

	
(%)






	
Sampling method

	

	

	

	

	

	




	
EBB/TBB

	
112

	
52.8%

	
103

	
53.9%

	
9

	
42.9%




	
Surgical resection

	
43

	
20.3%

	
41

	
21.5%

	
2

	
9.5%




	
CTNB

	
31

	
14.6%

	
24

	
12.6%

	
7

	
33.3%




	
EBUS-TBNA/EUS-FNA

	
16

	
7.5%

	
14

	
7.3%

	
2

	
9.5%




	
Pleural biopsy

	
10

	
4.7%

	
9

	
4.7%

	
1

	
4.8%




	
Histology

	

	

	

	

	

	




	
ADC

	
152

	
71.7%

	
138

	
72.3%

	
14

	
66.7%




	
Sq

	
46

	
21.7%

	
43

	
22.5%

	
3

	
14.3%




	
NSCC NOS

	
14

	
6.6%

	
10

	
5.2%

	
4

	
19.0%




	
Stage (UICC-8)

	

	

	

	

	

	




	
0/IA-IB/IIA-IIB/IIIIA-C

	
129

	
60.8%

	
116

	
60.7%

	
13

	
61.9%




	
Rec/IVA-B

	
78

	
36.8%

	
71

	
37.2%

	
7

	
33.3%




	
NA

	
5

	
2.4%

	
4

	
2.1%

	
1

	
4.8%








Abbreviations: EBB, endobronchial biopsy; TBB, transbronchial biopsy; CTNB, computed tomography-guided needle biopsy; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration; ADC, adenocarcinoma; Sq, squamous cell carcinoma; NSCC NOS, non-small-cell carcinoma, not otherwise specified; UICC, Union for International Cancer Control; NA, not assessed.
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Figure 1. Classification of sampling methods and submitted genetic tests. A total of 225 patients were biopsied by one of five methods: EBB/TBB, EBUS-TBNA/EUS-FNA, CTNB, pleural biopsy, or surgical resection. The submission rate and success rate of the multi-gene panel tests are shown as percentages. The dashed line represents the number of patients that required another biopsy method for submission to the multi-gene panel tests. Abbreviations: NSCLC, non-small-cell lung cancer; EBB, endobronchial biopsy; TBB, transbronchial biopsy; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration; CTNB, computed tomography-guided needle biopsy. 
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Figure 2. The total detection rates of driver alterations for multi-gene panel tests. (A) Detection rate by all histologies. (B) Detection rate by adenocarcinoma. 
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Figure 3. Each detection rate of driver alterations for ODxTT and AmoyDx-multi. (A) Detection rate of the ODxTT by all histologies and adenocarcinomas. (B) Detection rate of the AmoyDx-multi by all histologies and adenocarcinomas. 
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Table 1. Submission criteria for multi-gene panel test in our institution.
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Tumor Cell Count

	
Number of Submitted Slides

	
Selection of Multi-Gene Panel Test




	
(Cells/Slide)

	
(8 µm Thickness)






	
≤100

	
Inappropriate for multi-gene testing




	
100~200

	
20 slides

	
mainly submitted to AmoyDx-multi




	
200~300

	
20 slides

	
mainly submitted to ODxTT

(considering AmoyDx-multi in case with low tumor content or rich necrosis)




	
300~400

	
15 slides




	
400~

	
10 slides




	
Surgical specimens

	
5–10 slides








Abbreviations: ODxTT, Oncomine Dx Target Test; AmoyDx-multi, Amoy Dx® Pan Lung Cancer PCR panel.













 





Table 2. Patient characteristics.
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Characteristics

	
Total

	
Multi-Gene Test

	
Single-Gene Test or NA




	
n = 225

	
(%)

	
n = 212

	
(%)

	
n = 13

	
(%)






	
Sampling method

	

	

	

	

	

	




	
EBB/TBB

	
117

	
52.0%

	
112

	
52.8%

	
5

	
38.5%




	
Surgical resection

	
47

	
20.9%

	
43

	
20.3%

	
4

	
30.8%




	
CTNB

	
34

	
15.1%

	
31

	
14.6%

	
3

	
23.1%




	
EBUS-TBNA/EUS-FNA

	
16

	
7.1%

	
16

	
7.5%

	
0

	
0.0%




	
Pleural biopsy

	
11

	
4.9%

	
10

	
4.7%

	
1

	
7.7%




	
Histology

	

	

	

	

	

	




	
ADC

	
158

	
70.2%

	
152

	
71.7%

	
6

	
46.2%




	
Sq

	
51

	
22.7%

	
46

	
21.7%

	
5

	
38.5%




	
NSCC NOS

	
16

	
7.1%

	
14

	
6.6%

	
2

	
15.4%




	
Stage (UICC-8)

	

	

	

	

	

	




	
0/IA-IB/IIA-IIB/IIIIA-C

	
137

	
60.9%

	
129

	
60.8%

	
8

	
61.5%




	
Rec/IVA-B

	
83

	
3