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Abstract
Purpose
To compare the genomic testing based on specimens obtained from percutaneous core-needle biopsy (CNB) before and immediately after coaxial microwave ablation (MWA) in solid non-small cell lung cancer (NSCLC), and to investigate the diagnostic performance of CNB immediately after coaxial MWA in solid NSCLC.

Methods
Coaxial MWA and CNB were performed for NSCLC patients, with a power of 30 or 40 watts (W) in MWA between the pre- and post-ablation CNB, followed by continuous ablation after the second CNB on demand. The paired specimens derived from the same patient were compared for pathological diagnosis and genomic testing. DNA/RNA extracted from the paired specimens were also compared.

Results
A total of 33 NSCLC patients with solid lesions were included. There were two patients (6.1%) without atypical cells and three patients (9.1%) who had the technical failure of genomic testing in post-ablation CNB. The concordance rate of pathological diagnosis between the twice CNB was 93.9% (kappa = 0.852), while that of genomic testing was 90.9% (kappa = 0.891). For the comparisons of DNA/RNA extracted from pre- and post-ablation CNB in 30 patients, no significant difference was found when the MWA between twice CNB has a power of 30 or 40 W and ablation time within five minutes (P = 0.174).

Conclusions
If the pre-ablation CNB presented with a high risk of pneumothorax or hemorrhage, the post-ablation CNB could be performed to achieve accurate pathological diagnosis and genomic testing and the maximum effect of ablation, which might allow for the diagnosis of genomic testing in 90.9% of solid NSCLC.

Keypoints:
CNB performed immediately after MWA might allow for the diagnosis of genomic testing in 90.9% of NSCLC;
The quantitative analyses of DNA/RNA extracted from specimens in post-ablation CNB were not affected when the MWA has a power of 30 or 40 W and an ablation time within five minutes.
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Introduction
Primary lung cancer remains the leading cause of cancer mortality and ranks second in cancer morbidity globally [1]. In China, non-small cell lung cancer (NSCLC) accounts for 85% of the lung cancer subtypes [2]. The prognosis of lung cancer has improved and the advance of molecular targeted therapy contributed to it [3]. Gene mutations strongly affect the formation and progression of NSCLC, and represent the potential therapeutic targets [4, 5]. Therefore, pathological diagnosis and genomic testing allow for the diagnosis of NSCLC and the detection of gene mutations [6]. Tumor samples used for pathological diagnosis and genomic testing in unresectable suspicious NSCLC are predominantly derived from percutaneous core-needle biopsy (CNB), which has the advantages of being minimally invasive, repeatable, and suitable for peripheral pulmonary lesions [6, 7].
Thermal ablation has been recommended as a treatment option for unresectable early-stage NSCLC, with the mechanism of inducing a zone of coagulative necrosis encompassing the tumor and its margin [6, 8]. Of these, microwave ablation (MWA) and radiofrequency ablation (RFA) are the primary ablative techniques. Obtaining precise pathological and genomic information is essential for NSCLC treated with thermal ablation [9]. It should be noticed that the single procedure of CNB may cause a high risk of complications (hemorrhage, air embolism, etc.), especially for lung lesions that with small diameters or adjacent to vessels, which may affect the accuracy of obtaining specimens and interfere with precise tumor positioning [10, 11]. Therefore, the standards from Society of Interventional Radiology (SIR) recommend that synchronous lung biopsy and ablation can be considered if the hemorrhage might occur during the biopsy and disturb the ablation, while the sequence of biopsy and ablation has not been mentioned [12].
In clinical practice, a high risk of occurring hemorrhage still existed in the biopsy immediately before ablation despite a synchronous procedure, especially for the tumors with hypervascularity or adjacent to vessels, which may lead to indeterminate tumor positioning and increase the risk of incomplete ablation [11]. Therefore, several studies attempted the post-ablation biopsy to achieve accurate diagnosis and treatment, and improve safety concomitantly. It is reported that the biopsy immediately after ablation enables the identification of histology subtypes and is per that of pre-ablation biopsy, with a pathological diagnosis rate of 70–100% [13–18]. Whether the accuracy of genomic testing could also be achieved in biopsy immediately after ablation remains debatable. As far as we know, only two studies have investigated it [13, 15]. Hasegawa et al. [15] found that EGFR and KRAS mutations can be analyzed in 74% of the specimens from post-ablation biopsy, but almost 50% of the patients are lung metastases. Another study showed that success rates of genomic testing were comparable between pre- and post-ablation biopsy in ground-glass opacity (GGO) nodules, and only EGFR mutation was detected [13]. If these results apply to solid NSCLC and other gene mutations remains unclear. Therefore, this study was conducted to compare the genomic testing based on specimens obtained from percutaneous CNB before and immediately after coaxial MWA in solid NSCLC, and to investigate the diagnostic performance of CNB immediately after coaxial MWA in solid NSCLC, with the innovations of more gene mutants being detected and the quantitative analyses of DNA/RNA extracted from specimens.

Materials and methods
Patient criteria
All suspicious or confirmed NSCLC patients treated with coaxial MWA and pre- and post-ablation CNB between November 2021 and August 2022 at our institution were included. This single-center retrospective study was conducted per the Declaration of Helsinki. The institutional ethics review board approved this study. Inclusion criteria consist: (a) age ≥ 18 years; (b) solid NSCLC, with a tumor diameter ≥ 1 cm; and (c) Eastern Cooperation Oncology Group (ECOG) performance status (PS) of 0–3. Exclusion criteria are: (a) GGO nodules; (b) pathological diagnoses of small cell lung cancer or lung metastases; and (c) incomplete data.
The evaluation of positron emission tomography or contrast-enhanced computed tomography (CT) was undergone before MWA, which assisted the tumor staging via the clinical TNM staging system (eighth edition) [19]. All laboratory examinations were conducted within one week before the procedures.

Procedures of coaxial MWA and CNB
The MWA and CNB procedures followed the SIR guidelines [12, 20], and were performed by several experienced interventional radiologists under the guidance of CT (CT590; GE Healthcare, USA). The indications for MWA included early-stage NSCLC or patients who are resistant/intolerant to standard treatments (chemo-radiotherapy, surgery, or tyrosine kinase inhibitors). The goals of MWA are to achieve complete ablation in primary tumors with small diameters or to inactive the lesions as much as possible in primary tumors with large diameters. The goals of CNB are to obtain genomic testing for previously diagnosed NSCLC or to achieve both pathological diagnosis and genomic testing for suspicious NSCLC. As described previously [21], an MTC-3 C MWA system (Vison Medicine, China) was used for ablation, with a microwave emission frequency of 2,450 ± 50 MHz and an adjustable power of 20–80 W. The MWA antennas (Vison) were 15–18 cm in effective length and 16–18 G in outside diameter, with a 15 mm active tip. Preprocedural CT was performed to conduct the ablation plan and to clarify the suitable position, puncture site location, optimal puncture trajectory, and the number of MWA antennas. Local anesthesia was used for most patients, while intravenous anesthesia was used for patients requiring more pain control. During the coaxial procedures, a 15 G coaxial introducer needle (Argon Medical Devices, USA) was first introduced into the tumor, and then the stylet was replaced with a 16 G full-core biopsy needle (BioPince; Argon) through the cannula for pre-ablation CNB, followed by an MWA antenna (Vison) being advanced into the tumor and MWA was performed at a power of 30 or 40 watts (W) and planned duration, with adjustments of the antenna as needed. After the initial ablation, the MWA antenna was replaced with another 16 G full-core biopsy needle through the cannula, and post-ablation CNB was conducted at the same site with pre-ablation CNB. Then, the continuous ablation was performed after the second CNB as needed. The procedure was terminated when the ablation zone included a 5–10 mm rim of GGO beyond the tumor margins or the tumor was inactivated as much as possible by palliative ablation. Finally, a repeat CT scan was undergone to evaluate the ablation zone and detect the adverse events (AEs).

Pathological diagnosis and genomic testing
Specimens were preserved in formalin and were transferred for pathological diagnosis and genomic testing. The pathological diagnosis was evaluated after hematoxylin & eosin and immunohistochemistry staining. The DNA/RNA was extracted from formalin-fixed, paraffin-embedded specimens via an FFPE DNA Extraction Kit (Amoy Diagnostics). The genomic testing of all specimens was performed in an AmoyDx Multi-Gene Mutations Detection Kit (Amoy Diagnostics), which harbored DNA-based mutation and RNA-based fusion detection real-time PCR assays, and can detect the mutational status of EGFR, KRAS, BRAF, NRAS, HER2, PIK3CA, ALK, ROS1, MET, and RET simultaneously [22].

Follow-up and assessment
Follow-up with CT was conducted one day and one month after MWA to detect AEs, including pneumothorax, pleural effusion, pulmonary hemorrhage, etc. AEs were assessed per the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0 [23]. For the management of AEs, antalgic, antipyretic, or hemostatic treatments were administered for patients who presented with grade-2 AEs or higher, and chest tube placement was performed for patients with moderate and severe pneumothorax, pleural effusion, or hemothorax and was terminated when these AEs disappeared. Technical failure of CNB was defined as the absence of atypical cells for pathological diagnosis or the limited amounts of specimens that cannot be used for genomic testing.

Statistical analyses
SPSS 25.0 (IBM Corp., USA) was used for statistical analyses. Demographic characteristics, AEs, pathological diagnosis, and genomic information were evaluated. The diagnostic performance was evaluated by the concordance rate of pathological diagnosis and genomic testing in pre- and post-ablation CNB, which refers to the proportion of identical results. Agreements of pathological diagnosis and genomic testing between twice CNB were evaluated using Cohen’s kappa statistics. DNA/RNA of the specimens obtained from twice CNB were also compared, with paired Student’s t test for data that obeys normal distribution and Wilcoxon matched-pairs signed rank test for data that disobeys normal distribution. A P-value < 0.05 was considered statistically significant.


Results
Demographic characteristics
A total of 33 NSCLC patients with sold lesions were enrolled (Fig. 1), with a mean tumor diameter of 4.4 ± 2.2 cm. Of these, 72.7% (24/33) of the patients were at an advanced stage. Patient characteristics are presented in Table 1. The MWA between pre- and post-ablation CNB was performed at a power of 30 W for 18 patients (54.5%) and 40 W for 15 patients (45.5%), with a mean ablation time of 7.9 ± 5.5 min. The maximum power of MWA in the entire procedure was 40.0 ± 7.9 W while the total ablation time was 11.4 ± 5.5 min.
[image: ]
Fig. 1Patient selection flowchart


Table 1Clinical characteristics of NSCLC patients treated with coaxial MWA and pre- and post-ablation CNB.


	Variables
	NSCLC patients(n = 33)
	Variables
	NSCLC patients(n = 33)

	Age(y)
	68.4 ± 12.0
	Radiological features
	 
	Gender
	 	Tumor diameter (cm)
	4.4 ± 2.2

	 Male
	19(57.6%)
	Location
	 
	 Female
	14(42.4%)
	Lower or middle lobe
	16(48.5%)

	Comorbidity
	 	Upper lobe
	17(51.5%)

	 Hypertension
	16(48.5%)
	Emphysema
	12(36.4%)

	 CCVd
	12(36.4%)
	Malignant pleural effusion
	4(12.1%)

	 DM
	5(15.2%)
	Extrapulmonary metastases
	10(30.3%)

	Tumor stage
	 	Laboratory examinations
	 
	 I
	6(18.2%)
	WBC(*109/L)
	6.5 ± 1.9

	 II
	3(9.1%)
	Hb(g/L)
	128.4 ± 18.6

	 III
	7(21.2%)
	PLT(*109/L)
	230.4 ± 68.2

	 IV
	17(51.5%)
	PT(s)
	11.5 ± 1.2

	ECOG score
	 	CEA(ng/ml)
	18.9 ± 42.5

	 0
	12(36.4%)
	MWA-related factors
	 
	 1
	13(39.4%)
	Ablation time between twice CNB (min)
	7.9 ± 5.5

	 2
	5(15.2%)
	Power between twice CNB (W)
	 
	 3
	3(9.1%)
	30
	18(54.5%)

	Treatment history
	 	40
	15(45.5%)

	 Surgery
	4(12.1%)
	Maximum power (W)
	40.0 ± 7.9

	 TKIs
	5(15.2%)
	Total ablation time (min)
	11.4 ± 5.5


Note. Frequencies and percentages are reported for categorical variables, and the mean ± standard deviation is reported for continuous variables. NSCLC = Non-small cell lung cancer. CNB = Core-needle biopsy. MWA = Microwave ablation. CCVd = Cardiocerebrovascular diseases. DM = Diabetes mellitus. ECOG = Eastern Cooperation Oncology Group. TKIs = Tyrosine kinase inhibitors. WBC = White blood cell. PLT = Platelet. PT = Prothrombin time. Hb = Hemoglobin. CEA = Carcinoembryonic antigen




AEs
Pneumothorax and post-ablation syndrome were the two most common AEs, with both incidence rates of 12.1% (4/33). Detailed AEs are presented in Table 2. There were three patients (9.1%) with moderate or severe pneumothorax, pleural effusion, or hemothorax who required chest tube placement, and all of them recovered. Moreover, no one occurs severe AEs after the coaxial procedures.
Table 2Details of AEs in NSCLC treated with coaxial MWA and pre- and post-ablation CNB.


	Variables
	NSCLC patients(n = 33)

	Grade 1 AEs
	 
	 Pneumothorax
	3(9.1%)

	 Pneumonia
	1(3.0%)

	 Pleural effusion
	1(3.0%)

	 Post-ablation syndrome
	4(12.1%)

	 Pulmonary hemorrhage
	2(6.1%)

	Grade 2 AEs
	 
	 Pneumothorax
	1(3.0%)

	 Pleural effusion
	2(6.1%)

	 Hemothorax
	1(3.0%)


AEs = Adverse events. NSCLC = Non-small cell lung cancer
MWA = Microwave ablation. CNB = Core-needle biopsy




Pathological diagnosis and genomic testing analysis
Adenocarcinoma was the predominant tumor subtype in pre- and post-ablation CNB, with a percentage of 75.8% (25/33) and 72.7% (24/33), respectively. Details of pathological diagnosis are presented in Table 3. There were two patients (6.1%) who were absent of atypical cells in post-ablation CNB. The concordance rate of pathological diagnosis between twice CNB was 93.9%, with a kappa value of 0.852 (P < 0.001). Scale maps of the gene mutations are shown in Fig. 2. Of these, EGFR mutation was the predominant gene mutation in pre-ablation CNB, with an incidence of 33.3% (12/33), followed by KRAS (15.2%), MET (12.1%), ROS1 (6.1%), and BRAF (3.0%). There were three patients (9.1%) who had a technical failure of genomic testing in post-ablation CNB. The concordance rate of genomic testing between twice CNB was 90.9%, with a kappa value of 0.891 (P < 0.001).
Table 3Pathological diagnosis and DNA/RNA extracted from the specimens in pre- and post-ablation CNB.


	Variables
	Pre-ablation CNB
	Post-ablation CNB
	P-value

	Tumor subtypes
	 	 	 
	 Adenocarcinoma
	25(75.8%)
	24(72.7%)
	 
	 Squamous cell carcinoma
	7(21.2%)
	6(18.2%)
	 
	 Large cell neuroendocrine carcinoma
	1(3.0%)
	1(3.0%)
	 
	 No atypical cells
	0
	2(6.1%)
	 
	DNA (ng/µl)
	57.1 ± 57.8
	20.4 ± 25.1
	<0.001

	RNA (ng/µl)
	17.3 ± 21.8
	7.2 ± 8.6
	0.003


NSCLC = Non-small cell lung cancer. CNB = Core-needle biopsy. DNA = Deoxyribonucleic acid. RNA = Ribonucleic acid



[image: ]
Fig. 2Scale maps of the gene mutations in NSCLC patients



Genomic testing at the DNA/RNA level using specimens from CNB
The DNA/RNA extracted from specimens between twice CNB was quantitated and presented in 30 patients (Table 3; Fig. 3). The DNA and RNA in post-ablation CNB were 20.4 ± 25.1 and 7.2 ± 8.6 ng/µl, respectively, which was significantly lower than that of 57.1 ± 57.8 (P < 0.001) and 17.3 ± 21.8 ng/µl (P = 0.003; Fig. 4) in pre-ablation CNB, respectively. The impacts of ablation time and power between the twice CNB on DNA/RNA levels were shown in Table 4, with no significant difference being found when the MWA has a power of 30 or 40 W and ablation time within five minutes (P = 0.174).
[image: ]
Fig. 3Quantitative analyses of DNA/RNA extracted from specimens in pre- and post-ablation CNB.


[image: ]
Fig. 4 A typical case of NSCLC treated with coaxial MWA and pre- and post-ablation CNB. (a) A NSCLC patient has a new solid lesion (white arrow) and moderate pleural effusion (black arrow) in the left lung, with a treatment history of bilateral segmentectomy and the pathological diagnosis of adenocarcinoma. (b) CT-guided coaxial MWA and CNB were undergone, with the pre-ablation CNB being performed for the pathological diagnosis and genomic testing. (c) MWA was performed, with 30 W of energy released and seven minutes of ablation time. (d) Post-ablation CNB was undergone in the same site as the pre-ablation CNB, and the specimens were also used for pathological diagnosis and genomic testing. (e) The chest tube was inserted to drain the pleural effusion (black arrow), with the finding of adenocarcinoma cells in pleural effusion. (f) The 24 h CT reexamination reveals the ablation zone and the reduction of malignant pleural effusion. (g) The specimens obtained from pre-ablation CNB confirmed the diagnosis of adenocarcinoma and the gene mutation of BRAF V600E. The H&E stain showed that the tumor was adenoidal, with a clear adenoidal structure, round and ovoid nuclei, uniform chromatin, clear cell boundaries, and interstitial fibrosis. The DNA and RNA extracted from specimens were 84.9 and 19.3 ng/µl, respectively. (h) The specimens obtained from post-ablation CNB confirmed the diagnosis of adenocarcinoma and the gene mutation of BRAF V600E. The H&E stain showed that the tumor was adenoidal with deformation, sharp margins, nuclei with elevated flow-like changes, deep chromatin staining, unclear cell boundaries, and obvious signs of interstitial cauterization. The DNA and RNA extracted from specimens were 20.0 and 4.5 ng/µl, respectively, with a significant decrease from that of pre-ablation CNB.


Table 4The impacts of ablation time and power between the twice CNB on DNA/RNA in 30 NSCLC patients


	Variables
	DNA
	P-value
	RNA
	P-value

	Pre-ablation CNB
	Post-ablation CNB
	Pre-ablation CNB
	Post-ablation CNB

	Power
	 	 	 	 	 	 
	 30 W
	65.4 ± 61.9
	17.7 ± 18.6
	0.016
	22.3 ± 29.4
	7.8 ± 10.7
	0.025

	 40 W
	47.5 ± 53.4
	16.8 ± 25.7
	0.007
	18.3 ± 20.0
	6.5 ± 5.8
	0.049

	Ablation time
	 	 	 	 	 	 
	 <5 min
	72.4 ± 87.4
	16.6 ± 13.0
	0.168
	16.0 ± 15.2
	5.9 ± 3.5
	0.174

	 ≥5 min
	53.3 ± 49.8
	21.4 ± 27.5
	<0.001
	17.6 ± 23.4
	7.5 ± 9.5
	0.006


CNB = Core-needle biopsy. DNA = Deoxyribonucleic acid. RNA = Ribonucleic acid





Discussion
It was reported that approximately 50–70% of Asian and 30–40% of non-Asian NSCLC patients harbor gene mutations [24]. Of these, EGFR mutation occurs in 55% of Asian patients and 15% of non-Asian patients with lung adenocarcinoma, followed by ALK rearrangement occurs in 5–8%, and other mutations are limited to 5% of non-squamous NSCLC [25, 26]. According to the latest cancer statistics in the USA, the median overall survival of lung cancer increased to 13 months and the three-year relative survival rate was up to 38% [3]. Molecular targeted therapy prompts this progression, which is mainly against gene mutations and is recommended as the standard treatment [6]. Percutaneous CNB was one of the primary methods to obtain specimens for pathological diagnosis and genomic testing, and was especially suitable for peripheral or unresectable lung lesions, with a diagnostic accuracy rate of 90% [6, 20, 27]. It should be noticed that the patients were at a high risk of occurring pulmonary hemorrhage or pneumothorax when CNB was performed for pulmonary lesions that with hypervascularity or were adjacent to vessels or bronchi, which may influence the precise biopsy.
Thermal ablation was recommended as a treatment option for stage I NSCLC patients who have contraindications to surgery or radiotherapy, or be considered as a salvage treatment for patients who developed progression on EGFR or ALK therapy [6]. Thermal ablation can not only conduct the coagulative necrosis of tumor tissues but also cause the collapse of small or medium-sized blood vessels depending on the hyperthermia directly, to some extent, has hemostatic effects [28]. In general, the biopsy was supposed to be performed before ablation to obtain accurate diagnoses. Nevertheless, a high risk of occurring hemorrhage existed in pre-ablation CNB, especially for GGO nodules and lesions with small diameters or adjacent to vessels, which may disturb the subsequent ablation [11]. In 2012, a retrospective study analyzed 33 lung neoplasm patients treated with simultaneous CNB and RFA, and found a local tumor control rate of 77% in a median follow-up of one year [29]. Then, Wang et al. [30] attempted simultaneously coaxial MWA and biopsy in suspicious malignant lung lesions and found this procedure has lesser AEs but similar efficacy when compared with separate procedures, which could achieve the diagnosis and treatment concomitantly and was recommended by SIR standards for the lesions with a high risk of hemorrhage that may interfere with the ablation [12]. Nevertheless, a high risk of occurring hemorrhage still existed in the biopsy immediately before ablation despite a synchronous procedure, which may lead to indeterminate tumor positioning and increase the risk of incomplete ablation [11]. Therefore, several authors attempted to perform CNB immediately after ablation in highly suspicious malignant lung lesions, and indicate the accuracy and safety of this procedure [13–18].
It was reported that the pathological diagnosis rate of CNB immediately after thermal ablation ranged from 70 to 100% [13–18], with the potential mechanisms of apoptosis progressing in tumor cells subjected to hyperthermia gradually, and cell morphology remaining in the tumor within the first month after ablation [14, 31–33]. In 2016, Hasegawa et al. [14] performed a biopsy immediately after RFA for three patients with lung malignancy, including two metastases and one adenocarcinoma, all of whom achieved the precise pathological diagnosis. Then, a study attempted coaxial biopsy immediately after RFA, and found histological subtype can be distinguished in 70% of patients despite most of the tumors being lung metastases [16]. Wei et al. [18] performed CNB immediately after MWA in 69 confirmed NSCLC patients, and found the pathological diagnosis can be distinguished in 85.3% of patients and 69.1% of patients have identical histological subtypes when compared with previous results, which indicated that the accuracy of post-ablation CNB for determining the tumor subtypes. Another study conducted by Hasegawa et al. [15] enrolled 13 solid pulmonary lesions and six GGO nodules that had undergone CNB immediately after RFA, with the overall pathological diagnosis rate reaching 79% while that was only 50% for GGO nodules. In a study of 74 patients with GGO nodules, the pathological diagnosis rates of pre- and post-MWA CNB were 85.1% and 74.3%, respectively, and the histological subtypes could also be distinguished, which indicated the comparability of pre- and post-ablation CNB [17]. Compared to the above studies, all of the patients enrolled in our study were NSCLC with solid lesions, and pathological diagnoses between pre- and post-ablation CNB were compared directly, with a high concordance rate of 93.9%. Two patients (6.1%) presented with the absence of atypical cells in post-ablation CNB and the potential interpretation was the overlong ablation time between twice CNB that lead to the carbonization of specimens. Moreover, the attenuation of immunohistochemistry staining in post-ablation CNB was also found, which is per the results from a previous study [15].
Two studies have investigated the accuracy of genomic testing in CNB immediately after thermal ablation, with the technical success rate ranging from 74 to 84% [13, 15]. In 2018, a study reported that EGFR and KRAS mutations can be detected in 74% of the specimens obtained from post-ablation CNB although GGO lesions were included and the percentage of NSCLC was less than 50% [15]. Then, Chi et al. [13] presented a success rate of 100% and 84% could be achieved for pre- and post-MWA CNB in GGO nodules, respectively, with no significant difference being found despite only EGFR mutation being detected. Of these, the MWA between twice CNB was at a power of 20 W and this procedure could decrease the incidence of AEs. However, the quantitative analysis of DNA/RNA extracted from specimens is scarce previously. Our study verified the applicability of these results in solid NSCLC and found a concordance rate of 90.9% between pre- and post-ablation CNB, which was higher than that in previous studies [13, 15]. Besides, the scope of gene mutations was extended, with the verification of accuracy in MET, ROS1, and BRAF. Adequate amounts of DNA/RNA extracted from specimens were critical for the quantitative analyses of genomic testing. In this study, the mean concentration of DNA/RNA in post-ablation CNB was significantly lower than that in pre-ablation CNB, which demonstrated that the post-ablation biopsy influences the DNA/RNA level, in other words, has an impact on quantitative analyses for genomic testing. The potential mechanism was that the heat delivered from the ablation antenna damaged the DNA in tumor cells and induced apoptosis, and the RNA structure was unstable and was also prone to be damaged by hyperthermia [34]. In theory, the more heat absorbed by the tumor cells, the more severe damage is brought to DNA/RNA. Therefore, we attempted to investigate the potential cut-off values of ablation-related parameters in MWA between twice CNB, which could not only achieve the qualitative analysis of genomic testing but also had no significant impacts on DNA/RNA levels. This study indicated that the quantitative analyses of DNA/RNA may not be influenced significantly when the MWA between pre- and post-ablation CNB was performed at a power of 30 or 40 W and ablation time within five minutes.
Several limitations in this study should be presented. First, the selection bias may exist due to the retrospective nature of this study. Second, the patients are from single-center and the sample size was still limited. Third, although both DNA- and RNA-related gene mutations were detected, the results are still needed to be verified beyond the scope of gene mutations in this study. Finally, the precise evaluation of heat distribution in the tumor was complicated and vulnerable to being affected by multiple factors, including the tumor volume, margins, density, intratumoral vascularity, blood supply, ablation power, duration, and so on, and further investigation was warranted to assess the potential impacts of these factors on genomic testing precisely.

Conclusion
If the pre-ablation CNB presented with a high risk of pneumothorax or hemorrhage, the post-ablation CNB could be performed to achieve accurate pathological diagnosis and genomic testing and the maximum effect of ablation, which might allow for the diagnosis of genomic testing in 90.9% of solid NSCLC.
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