Various Blopsy Techniques
for Pathologic Confirmation
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Diagnostic Approach

- Target approach (0{E A & Z25H)
v'Percutaneous approach; CT guided, PET CT guided
v’ Transbronchial approach; EBUS(linear), EBUS(radial) ==Guide sheath, ENB
v'Cone beam CT-assisted
v'"Robotic approach
v'Thoracoscopic approach

- Tissue obtain (O] E A &2 35I=71
v'Needle biopsy
v'Forceps biopsy (Alligator forceps, Standard forceps, GS-small forceps)
v'CRYO biopsy
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Figure 1. Definition of pure ground glass nodules (GGNs), part-soid nodules and pure solid nodules and description of radio-
logical measurements for consolidation-to-tumor ratio (CTR), the solid component size (red line), and tumor size (black line).
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1 Am J Respir Crit Care Med Vol 187, Iss. 8, pp 848—854, Apr 15, 2013
2 Translational Oncology Volume 14, Issue 4p617-627April 2019

3 Papanikolaou, N.I., et al. (eds) Imaging in Clinical Oncology.
Springer, Cham. https://doi.org/10.1007/978-3-319-68873-2_32
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Lung nodule

« (T guided Percutaneous CT-guided lung biopsy
« Bronchoscopic ENB ENB-Needle ENB-Forcep
Radial probe EBUS RP-EBUS Needle RP-EBUS Forcep ~ RP-EBUS CRYO

With or without GS (TBNA)
« Cone beam CT-assisted

« Robotic

« Endobronchial lesion Bronchoscopic Bronchoscopic biopsy
biopsy Deburking

Lymph node

* Linear EBUS EBUS TBNA EBUS Forcep EBUS CRYO

« Convex probe bronchoscopy (22G vs 19G)



Percutaneous approach

1. CT guided lung biopsy
2. PET guided percutaneous biopsy



1. Percutaneous approach; CT guided
Study  |Accracy [Study  |Outcomes ____|Pneumothrorax

Amalia Constantinescu, et al. 85-95% Single arm 12 to 45%
Meta-analysis; Ho ATN, et al. @ 83.45% Vs. r-EBUS TBB Percutaneous; 83.45% Percutaneous; 21.43%

Transbronchial; 68.82% Transbronchial; 2.87%
Sam Yun, et al. 3 87.6% Solid vs. part solid  Solid; 87.0% (261/300) 26%

Part-solid; 90.7% (49/54)
Lillian Dominguez-Konicki et al. +  71% Small nodule Sup segment; 84.2%

(<10mm) Lower basal segment; 64.7%

Yue Lin, et al. ® 79.3% PET fusion vs. CT PET fusion; 82.9% 26.9%

Routine; 75.4%
Konstantinos Stefanidis, et al. © 83.9% PET fusion vs. CT PET fusion; 88.8% 4.49%

Routine; 78.9% 10.92%

1J. Clin. Med. 2024, 13(23), 7330;

2 Lung. 2023 Feb;201(1):85-93.

3 British Journal of Radiology, Volume 91, Issue 1088, 1 August 2018, 20170946
4 Clinical Imaging, 2020-10-01, Volume 66, Pages 7-9

5 BMC Pulmonary Medicine volume 22, Article number: 311 (2022)

6 European Journal of Radiology, 2024-02-01, Volume 171, Article 111315




2. Percutaneous approach; PET guided

Biopsy success rate (p-value < 0.01 Fisher exact test) !

« PNB with PET-CT pre-PNB ; 88.8 %

 PNB without PET-CT upfront; 78.9 %

« Correct targeting to PET-CT-maximum activity area; 87.1 %

Multivariate logistic regression analysis

The significant factor associated with correct targeting

1a Highly suspicious lesion in the left upper lobe (arrows) in the background of moderate centrilobular emphysema. The 1 the ava||ab|||ty Of PET-CT before the PN B (p-Value: 0008)
lesion did not have a PET-CT prior to biopsy. 1b. A lateral approach was attempted (circle) with a non-diagnostic biopsy ; ; _ .

1c. The PET-CT showed that that the medial component of the lesion was more metabolically active. 1d. The patient had 2 IeSIOn size (p Value' 0004)

a repeat biopsy following PET-CT targeting the higher activity medial area and showing a squamous cell carcinoma 3' patlent age (p-value 0'017)

Patient with extensive lung and pleural disease. 2a. The PET-CT was available prior to the biopsy showing a

heterogeneous SUV uptake and delineating the most accessible area of increased metabolic activity. 2b. The biopsy was

targeted to the area of increased activity area and was positive for malignant diagnosis

1 European Journal of Radiology, 2024-02-01, Volume 171, Article 111315



Bronchoscopic approach

Electromagnetic navigation bronchoscopy (ENB)
Radial probe EBUS (rEBUS)

Radial probe EBUS guide sheath (rEBUS GS)
Transbronchial needle aspiration (TBNA)
Cryo-biopsy

Cone beam CT-assisted bronchoscopy

O vk W=



1. Electromagnetic Navigation Bronchoscopy system

1 Diagnostics 2023, 13(6), 1124;
2 doi: 10.21037/am;j.2018.11.04



ENB outcomes

« ENB diagnostic yields; 49%-74.9%

Trial registration number NCT03716284.

The median lesion size was 20.9 (IQR, 15.9-25.9)mm
The overall diagnostic yield was 74.9% (359/479)

The overall accuracy by ENB was 71.7% ?

The yield of ENB alone was 49% (74 of 150; 95% Cl, 41-58%) 3
The diagnostic yield was 70.9% (95%-Cl 68.4%-73.2%) 4

Table 5 Multivariable analysis for predictors of diagnostic yield.

Table 3 Diagnostic yield of different guided strategy

Guided strategy Diagnostic yield (%) P value

ENB+rEBUS+GS+thin bronchoscope 254/343 (74.1%) 0.02
ENB-+rEBUS+GS+fluoroscopy+ thin bronchoscope 70/93* (75.3%)
ENB+rEBUS+fluoroscopy+thin bronchoscope 21/21 (100.0%)
ENB-+rEBUS+fluoroscopy-+ultrathin bronchoscope 6/101 (60.0%)
ENB-+rEBUS+thin bronchaoscope 5/6 (83.3%)
ENB+rEBUS+GS+thick bronchoscope 3/4 (75.0%)
ENB+rEBUS+GS+fluoroscopy+thick bronchoscope 0/2 (0.0%)

Overall diagnostic yield 359/479 (74.9%)

*Two cases used standard bronchoscope, four cases used cone-beam CT.
tOne case used cone-beam CT.

ENB, electromagnetic navigation bronchoscopy; G5, guide sheath; rEBUS, radial endobronchial ultrasound.

Variable OR 95% ClI P value
Lesion size (=20 mm vs <20mm) 2.27 1.40 to 3.68 <0.001
Lesion density <0.001
Pure GGO Ref
Solid 1.21 2.00 10 25.97 0.003
Mixed GGO 2.72 0.731t010.12 0.13
CT bronchus sign <0.001
Adjacent to Ref
Leading to 3.10 1.68 t0 5.71 <0.001
Outside 1.07 0.37 to 3.07 0.90
Distance to the hilum 0.97
Peripheral Ref
Central 1.09 0.51 to 2.30 0.83
Intermediate 1.00 0.57t0 1.75 0.99
Distance to the pleura (<20 mm vs =20 mm) 0.86 0.50t0 1.48 0.58
Lobar location (RUL+LUS vs others) 1.02 0.65 to 1.60 0.95
Lesion nature (malignant vs benign) 0.75 0.42 to 1.32 0.31
Anaesthesia type (general vs local+sedation) 1.03 0.60to0 1.79 0.90
GS (yes vs no) 0.61 0.20to0 1.84 038
Fluoroscopy (yes vs no) 1.69 0.91 to 3.15 0.10
Rapid on-site evaluation (yes vs no) 1.23 0.76 to 2.01 0.40

The multivariable analysis was performed by a full logistic regression model.
GGO, ground glass opacity; GS, guide sheath; LUS, left upper segment; Ref, reference; RUL, right upper lobe.

1 Thorax 2023;78:1197-1205. doi:10.1136/thorax-2022-219664

2 ) Thorac Dis 2019;11(4):1697-170

3 Am J Respir Crit Care Med Vol 208, Iss 8, pp 837—-845, Oct 15, 2023
4 Lung Cancer. 2023 Jun:180:107196.



ENB outcomes

- ENB diagnostic yields; 83.8-85.0%
v The overall diagnostic yield was significantly higher for ENB than for R-EBUS
v (ENB vs. R-EBUS; 83.8% vs. 70.5%, p=0.021) '
v The overall diagnostic yield did not differ significantly between ENB and transthoracic needle biopsy
v (ENB vs. transthoracic needle biopsy; 85.0% vs. 89.9%, p = 0.124)
v' The final diagnostic yield was 75.5% 3

v The diagnostic yield of the strict definition was not statistically different among the three groups
v ENB vs Combination vs radial probe-EBUS 63.8% vs 64.2% vs 62.6%, p = 0.944 4

v' Superior in the ENB + radial probe-EBUS group for a bronchus type Il or lll solid part <20 mm
v (odds ratio 1.96, 95% confidence interval 1.09-3.53, p = 0.02) 4

« High-risk target

« Percutaneous procedure was not recommended because of the inaccessible location of lung nodules or
the high risk of procedure-related complications

v The diagnostic yield of ENB-guided biopsy was 53.0% ° 1 Arch Bronconeumol. 2023 Jun;59(6):356-363.
2 Lung Cancer. 2023 Jul:181:107234.
3 Medicine (Baltimore). 2023 Oct 20;102(42):e35362
4 Thorac Cancer. 2024 Jul;15(21):1638-1645.
5 Thorac Cancer. 2021;12:1503-1510.



2. Radial-probe EBUS (rEBUS)

* The radial probe EBUS-TBLB uses a miniature ultrasound probe
(rEBUS probe) that emits ultrasound waves that are reflected by
the tissue, creating a 360° real-time image of the airway and the
surrounding lung tissue.

1 https://medical.olympusamerica.com/products/probes/radial-ebus-probes



Radial probe EBUS TBLB outcome

« Radial EBUS (rEBUS) outcome; 70-73%
v'Diagnostic yield of R-EBUS-guided TBB without fluoroscopy was 70%
v"Meta-analysis

1. Pooled overall diagnostic yield of R-EBUS-guided TBB without fluoroscopy was 70%
(95% confidence interval [Cl], 67%-74%) 2

2. r-EBUS pooled sensitivity was 72% 3(95% Cl, 70%-75%), and area under the sROC
curve was 0.96 (95% Cl,70.94-0.97)

3. r-EBUS pooled diagnostic yields was 73% (95 % Cl: 69%—76%) *

v'In subgroup and meta-regression analyses, 1) air bronchus Siﬂ.“ on chest computed
tomography scans, 2) larger size PPLs, 3) probe location within lesions, and 4)
heterogenéous echogenicity were associated with significantly higher diagnostic

yield.
 Pooled pneumothorax rate was 1.0% ', 0.7% 3, 3.1 % 4

1 Thorac Cancer. 2022 Dec 8;14(2):195-205

2 Thorac Cancer. 2023 Jan;14(2):195-205.

3 Chest, 2020-04-01, Volume 157, Issue 4, Pages 994-1011
4 Heliyon 10 (2024) e29446



3. rEBUS Guide-sheath (rEBUS GS)

Radial EBUS (rEBUS) GS forceps outcome; 53%-78%

The diagnostic yields for PPLs RCT (GS vs non-GS) (p=0.033) °

v GS group vs non-GS group; 55.3% vs. 46.6%

The diagnostic yields for PPLs [83.2% R-EBUS within] (p=0.649) 2

v rEBUS with GS vs. rEBUS-TBB without GS; 78% vs. 79%

v The procedure time was significantly longer in the EBUS-TBB+GS

group than in the EBUSTBB—GS group (29 min versus 24 min;
p<0.001)

The diagnostic yields for PPLs [67.4% R-EBUS within] ( p=0.033) 3

v rEBUS with GS vs. rEBUS without GS; 55.3% vs. 46.6%

The diagnostic yields for GGN PPLs 4
v for lesions <20 mm; 50.0%
v for 20-30 mm lesions; 65.1%
v for lesions >30 mm: 85.7%

Figure 2 Difference in the biopsy size. (A) Forceps without the
GS (1.8-mm outer diameter, 4.0-mm open width diameter, and
2.4 mm’ cup capacity); (B) forceps with the GS (1.5-mm outer
diameter, 4.3-mm open width diameter, and 1.3 mm’ cup capacity).

1 European Respiratory Journal 2022 59(5): 2101678
2 ERJ Open Res 2021;7:00267-2021.

3 Eur Respir J 2022;59:2101678

4 Cancers (Basel). 2024 Mar 19;16(6):1203.

5 Journal of Thoracic Disease, Vol 9, No 7 July 2017



Additional conventional TBLB with standard forceps
after rEBUS-GS-TBLB for the diagnosis of PPLs

 The results showed that of the 88 eligible patients, 57 (65%)
were successfully diagnosed by rEBUS-GS-TBLB.

* In the 31 patients not diagnosed by rEBUS-GS-TBLB, 15 (48%)
were successfully diagnosed by additional conventional TBLB.

* The results showed that rEBUS-GSTBLB was diagnostic in 30/55
(54.5%) patients

* In the 25 patients, subsequent conventional TBLB yielded
additional diagnostic information in 8/25 (32%) patients °

1 Respirology 2016;21:1100-5
2 Thorac Cancer 2020;11:1639-46



Radial probe EBUS TBNA

R-EBUS TBNA outcome; 79%-83%

R-EBUS-TBNA diagnostic yield [over all diagnostic yield: 84%, with no adverse events reported] '

R-EBUS-GS TBNA diagnostic yield [overall diagnostic yield: 70% (52/74)]
* 47 (63.5%) were successfully diagnosed by rEBUS GS TBLB.
« 27 PLLs not diagnosed by rEBUS GS TBLB
« 5 (18.5%) were further diagnosed by rEBUS GS TBNA

The overall EBUS-TBNA diagnosis yield (Malignancy) is 79% (95% CI 72%-88%) 3

Combined EBUS-TBNA with conventional bronchoscopy 83% (95% Cl 79%-87%)3

CASE

No endobronchial lesion

R-EBUS no within after #3 cryobiology

= Add EBUS TBNA via flexible bronchoscopy

= No endobronchial lesion
= R-EBUS adjacent image

1 BMC Pulmonary Medicine volume 23, Article number: 485 (2023)
2 ) Thorac Dis. 2024 Jun 30;16(6):3818-3827.
3 Clin Exp Metastasis. 2023 Feb;40(1):45-52.



Radial probe EBUS cryobiopsy (TBLC)

e Radial probe EBUS TBLC diagnostic yields; 71.5%-84.4%

* The diagnostic yields of forceps biopsy and cryobiopsy were 65.3% (130/199) and 84.4% (168/199), respectively,
and the total diagnostic yield was 91.5% (182/199) ( P <0.001 vs. forceps biopsy) !

* The pooled diagnostic yield of rEBUS-GS-guided TBCB without fluoroscopy was 71.5% (103/144). In 133 patients,
the diagnostic yield of TBCB was significantly higher than that of TBFB (77.4% vs. 59.4%; p < 0.05) 2

e The pooled diagnostic yield of rEBUS-GS-guided TBLC without fluoroscopy 90.7%, pneumothorax risk 5.8%
(unpublished data N=89)

Guide sheath with CRYO probe 1.1

10 sec

1 J Bronchology Interv Pulmonol. 2024 Jan 1;31(1):13-22
2 ) Bras Pneumol. 2023 Jan 9;49(1):e20220200



Cone beam CT-assisted bronchoscopy !

The pooled navigational success rate (odds ratio [OR] 5.12)
v Without CBCT; 81.6% vs CBCT-assisted group; 97.0%

The pooled diagnostic rate (OR 2.51)
v Without CBCT; 55.7% vs CBCT-assisted group; 78.5%

Significantly higher than those without CBCT.
The complication rate of CBCT-assisted bronchoscopy was 4.4% (95%Cl: 0.02-0.07)

Fig.25.3
2 From: Cone Beam Computed Tomography-Guided Bronchoscopy From: Cone Beam Computed Tomography-Guided Bronchoscopy

=]
Y

Schematic of X-ray emission by cone beam computed tomography in a cone-shape distribution (left) compared to multislice detector computed

tomography in a fan-beam shape distribution (right). (Image courtesy of the University of Texas MD Anderson Cancer Center) Multiplanar reconstruction of intraoperative CT image demonstrating needle (blue arrow) within the lesion in axial (a), sagittal (b), and coronal
(c) planes

1 Pulmonology. 2025 Dec 31;31(1):2420562.
2 Sabath, B.F, et al. Cone Beam Computed Tomography-Guided Bronchoscopy.
In: Diaz-Jiménez, J.P, Rodriguez, A.N. (eds) Interventions in Pulmonary Medicine. Springer



Bronchoscopic approach

* Lymph node biopsy
1. Mediastinal cryobiopsy
2. EBUS guided intra-nodal forceps
3. EBUS TBNA (22G, 19G)
4. Additional EUS appraoch



Linear EBUS (convex probe endobronchial ultrasound)

 Linear EBUS (convex probe endobronchial ultrasound)

v The diagnostic yield of endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) is typically between 93-97%

v Identification for malignancy in lymph-node sensitivity 92.3%, specificity 100% 2
v EBUS-TBNA and mediastinoscopy produced similar results for mediastinal staging of NSCLC 3
v The area under the summary ROC curve EBUS-TBNA vs. mediastinoscopy (0.9881 vs. 0.9895)

NS

1 European Respiratory Journal 2023 62(suppl 67): PA1793

2 Eur Respir J 2006;28:910-4

3 J Bras Pneumol. 2020 Oct 23;46(6):€20190221.

4 Papanikolaou, N.I., et al. (eds) Imaging in Clinical Oncology.
Springer, Cham. https://doi.org/10.1007/978-3-319-68873-2_32

Tip of linear EBUS bronchoscope (courtesy of Olympus)



Next step of Linear EBUS (1)

« Mediastinal cryo-biopsy Diagnostic yields; 89.59%-93%
v'Inserting a cryoprobe into the lesion combined with EBUS-TBNA
v'The overall diagnostic yield increased from 81% to 93% (p=0.0039)

v EBUS TBNA vs. EBUS-TMC (Meta) 234

v EBUS-TBNA; 77.13% (415/538) vs. EBUS-TMC; 89.59% (482/538) 2
v EBUS-TBNA; 81% (504 of 554) vs. EBUS-TMC; 91% (567 of 704) 3

v EBUS TBNA; 80% vs EBUS-TMC 92% 4

v cryoEBUS was especially useful in cases of lymphomas or non-pulmonary carcinomas

v  EBUS-EBNA; 42% vs EBUS-TMC; 83%
v cryoEBUS was especially useful in cases of Benign
v EBUS TBNA 60.1% vs EBUS-TMC; 87%

1 Lancet Respir Med 2023;11:256-64.

2 Respiration. 2024;103(7):359-367.

3 J Thorac Dis. 2024 Jul 30;16(7):4217-4228.
4 Respir Med. 2023 Nov:218:107389.



1 Respiration. 2024;103(12):752-764.
2 Ann Thorac Surg 2022;114:340-8

Next step of Linear EBUS (2) 3 Tore e 203 A4 2140157

5 J Clin Med. 2023 Jun 13;12(12):4033

« EBUS guided intranodal forcep '2 diagnostic yields; 90.84%-94%
v  EBUS TBNA vs. EBUS TBNB (Meta) '
v EBUS TBNA; 84.53% (590/698) vs. EBUS TBNB; 90.84% (476/524)
v EBUS TBNA + EBUS TBNB vs EBUS TBNA 2
v Both vs. EBUS TBNA alone; 92% (428/467) vs. 67% (312/467)
v For lymphoma
v Both vs. EBUS TBNA alone; 86% vs. 30%

v' Diagnostic yield (p = 0.023) 3
v Combined with EBUS-IFB vs. EBUS-TBNA alone; 94% (49/52) vs. 77% (40/52)

* 19G Needle for TBNA #»
v No significant difference was observed in diagnostic yield and overall specimen quality 4
v Sensitivity (p = 0.80)°
v 19-G needle vs. 22-G needle; 93.4% (Cl: 87.4-97.1%) vs. 92.6% (Cl: 86.3-96.5%)



Linear EBUS 19G Needle for TBNA

 Sample adequacy rates
v 19G vs. 21G; 96% vs. 92.8% in cytology
v 19G vs. 21G; 90.6% vs. 75% in histology

* Diagnostic accuracy
v 19G vs. 21G; 80% vs. 77.1% (p=0.77) in cytology
v 19G vs. 21G; 68.6% vs. 48.6% (p=0.08) in histology

* AUC for the diagnosis of malignancy
v 19G vs. 21G; 0.85(95%Cl:0.7-0.9, p<0.0001) vs. 0.76(95%Cl:0.6-0.9, p=0.001) vs
v"No major complication occurred.

European Respiratory Journal 2017 50(suppl 61): PA823



EBUS TBNA and driving mutation test (1)

) . EBUS was performed using an Olympus® BF-Convex Scope XBF-UC160 F-OL8
with a 21g needle or Pentax® convex scope EB-1970UK with a 21g cytology needle

6223 EBUS performed

g Two dedicated needle passes from each target lesion are used to create four slides,
437 NSCLC two that are stained using the Dif-Quick method and immediately reviewed by an
) ’ on-site cytotechnician foradequacy

N Excluded: 159 squamous cell carcinoma

Stained using the Diff-Quick method
[ 278 adenocarcinoma + NOS ] immediately reviewed by an on-site cytotechnician for adequacy

An additional third needle pass is rinsed to create processing by pathology
Additional three to fiverinses are placed in a separate conical of saline and labeled

for NGS testing

| Excluded:129 adequacy not assessed ‘

[ 146 samples for NGS analysis ]

US, Wake Forest University School of Medicine, Winston-Salem
v General anesthesia 210 (75%), mean procedure time 51.6min
v" Moderate sedation 68 (24%), mean procedure time 36.9min

Lung. 2024 Jun;202(3):317-324.



Table 3 Molecular genetic sufficiency in adenocarcinoma, NOS, and poorly differentiated samples

72.1% 73.6% 73.3%

EGFR p-value
57.5%
Insufficient Sufficient
N 64 165
Primary location 0.7335
Mass/nodule 56 (87.5%) 147 (89.1%)
Lymph node 8(12.5%) 18 (10.9%)
Size 0.0428
Number of aspirations 0.5731
ALK p-value
Insufficient Sufficient EGFR ros-1
N 61 170 Sufficient
Primary location 0.6826
Insufficient 64 61 62 62
Mass/nodule 55(90.2%) 150 (88.2%)
Lymph node 6 (9.8%) 20(11.8%)
Size 0.0115
Number of aspirations 0.2702 ° BAS'C Dr|V|ng mutation
ROS1 p-value
Insufficient Sufficient . . . . L
1. Biopsy site (Primary lesion vs LN)&=
N 62 170 . _ -
Primary location 0.6556 TISSUG SUffICIenCyO." O:I -I_I-Ol
Mass/nodule 56 (90.3%) 150 (88.2%) 2. Biopsy target size= A 2to| @ 0| o
Lymph node 6 (9.7%) 20 (11.8%) -'—I' O O
o oe | 3. Aspiration number= 20| 91Z
Number of aspirations 0.2105

Lung. 2024 Jun;202(3):317-324.



EBUS TBNA and driving mutation test

From: Endobronchial Ultrasound Guided Transbronchial Needle Aspiration and Next

Generation Sequencing Yields

Sufficiency

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

e £ GF R ALK Rosl

1tod

5to7 9to 10 >10

Number of Aspirations of Target Lesion

From: Endobronchial Ultrasound Guided Transbronchial Needle Aspiration and Next

Generation Sequencing Yields

Sufficiency

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

< 1cm

o F GF R ALK ros-1
L
lcmto< 2cm 2cmto < 3cm 3cmand up

Size of Target Lesion

Lung. 2024 Jun;202(3):317-324



EBUS TBNA and driving mutation

From: Endobronchial Ultrasound Guided Transbronchial Needle Aspiration and Next From: Endobronchial Ultrasound Guided Transbronchial Needle Aspiration and Next
Generation Sequencing Yields Generation Sequencing Yields
72.1% 73.6% 73.3% p<0.01
( w
57.5% 66.0%

Yield Next Generation Sequencing

37.2%
EGFR ALK ros-1 NGS
Total 229 231 232 146
Sufficient 165 170 170 84 3 or more <3
Insufficient 64 61 62 62 Number of Fine Needle Aspirations

Next generation sequencing yields based on protocol adherence (= 3 aspirations). Samples tested for next generation sequencing were stratified
by number of aspirations taken from the target lesion. Yields were higher when three or more aspirations were obtained compared to less than
three aspirations (66% vs 37.2%)

« Conclusion
v" When choosing biopsy locations for molecular genetics and NGS, proceduralists should consider
aiming for larger lesions and obtaining three or more aspirations for NGS

Lung. 2024 Jun;202(3):317-324.



EBUS TBNA and driving mutation test (2)

« The success rates of NGS using EBUS-TBNA
samples were 92.5%

« Samples from higher N stage (N2 and N3
lymph nodes) and with higher tumor
cellularity (>25%) resulted in higher success
rate for DNA NGS

« FDG-avidity on PET CT
and >3 EBUS passes per lymph node
during the procedure were not associated
with NGS success

TABLE

Table 4

Univariable Logistic Regression Analysis of Imaging, Procedural and Cytological Characteristics Associated With Suceess run of NGS Using EBUS- TENA Samples

=bto <10

=10 to <20

=20

CT short-axis diameter, mm

DNA NGS (N=226)

Success rate, % (No. of Success Run / total No.) OR (95% CI)

92.0% (46/50)
93.6% (88/94)

94.3% (66/70)

1.3(0.3-4.7)

1.4 (0.3-6.0)

RNA NGS (N=106)

Suceess rate, % (No. of Success Run / fotal No.) OR (95% CI)

90.5% (19/21)
93.2% (41/44)

90.9% (30/33)

FDG avidity, SUV

=251t0 <5

=5 to <10

=10to <15

=15

84.6% (22/26)
91.7% (66,/72)
97.1% (34/35)

91.7% (22/24)

2.0(05-7.7)
6.2 (0.6 - 59.0)

2(0.3-12.1)

92.3% (12/13)
90.6% (29/32)
100.0% (17/17)

|84.6% (11/13)

Tissue source

Primary tumor+N1

N2+N3

86.7% (52/60)

95.7% (157/164)

3.5(1.2-10.0)

93.3% (28/30)

90.3% (65/72)

Number of passes , n

<3

=3

94.3% (116/123)

92.9% (92/99)

0.8(0.3-2.3)

187.7% (50/57)

95.8% (46/48)

Tumor cellularity, %

10-25

=25

88.2% (75/85)

96.3% (129/134)

3.4(1.1-10.4)

86.4% (38/44)

95.2% (59/62)

1.4(0.2-9.3)

1.1(0.2-6.9)

0.8(0.1-8.5)

/
0.5 (0.0-5.8)

0.7(0.1-3.4)

3.2 (0.6 -16.3)

3.1(0.7-13.2)

1 Clin Lung Cancer. 2023 Mar;24(2):e105-e112.



Additional benefit of endoscopic ultrasound with bronchoscope-guided fine
needle aspiration to endobronchial ultrasound-guided transbronchial needle
aspiration in the evaluation of lung cancer 5

* The overall pooled diagnostic yield *
v' EBUS-TBNA alone
87% [95% Cl: 79%-95%, 12°=96.55%]
v' Combined EBUS-TBNA/EUS-B-FNA
92% (95% Cl: 85%-99%, 1°=97.89%)

 Among the 832 patients in seven studies, additional diagnostic benefits of
EUS-B-FNA were observed in 37 lesions.

* The most common diagnosed lesion was in station 4L (n=10), followed by
station 5 (n=8) and station 7-8 (n=8).

1 J Thorac Dis. 2024 Aug 31;16(8):5063-5072.
2 Papanikolaou, N.I., et al. (eds) Imaging in Clinical Oncology.
Springer, Cham. https://doi.org/10.1007/978-3-319-68873-2_32
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°
Table 2 Comparizon of the three robotc bronchoscopie pladorms
O O I ( Monarch™ Robotic Endoscopy System  The lon™ Robotic Endoluminal System  Galaxy System™

FDA approval March 2018 February 2019 March 2023
. . . Bronchoscope 4.2 mm inner bronchoscope, 3.5 mm outer diameter fully articulating 4.0 mm outer diameter
The p00|ed d |agnost|c y|e|d Of RAB 1 6 mm outer sheath catheter with a thin 1.8 mm removable
. . visual probe
(20 studies, 1,779 lesions) |
cy 950/ fd . t | 81 1 87 20/ Working channel 2.1 mm 2 mm 21 mm
84' 3 o ( o contidence Interva ! : : 0) MNavigation Electromagnetic navigation along with  Fiberoptic shape-sensing and Electromagnetic navigation
peripheral vision and real time input peripheral vision with digital tomosynthesis
. o o . o . . 1 from the micro-camera at the tip of the Tool-in-Lesion+ Technology ™
Significant increase odds of diagnosis with RAB bronchoscope
® LeSiO ns ize > 2 cm Scope reprocessing  Yes Yes Mo (single use disposable scope)
° CT bronchus S|gn Vision during biopsy Yes Mo Yes

° Conce ntl‘iC rEB US VieW FDA, United States Food and Drug Administration.

Complications

« The overall rates of pneumothorax 2.3%
* need for tube thoracostomy 1.2%

« significant hemorrhage 0.5%

t‘ iC
e
- -

.-

d

1 Ann Am Thorac Soc Vol 20, No 12, pp 1801-1812, Dec 2023
2 ) Thorac Dis 2024;16(8):5422-54
3 Life (Basel). 2023 Jan 28;13(2):354.

Figure 1. Monarch™ platform (Images courtesy of Auris Health, Inc.,, Redwood City, CA, USA).




Table 3 Review of homan sradies using robotic hranchoscopy platforms

Author, year Type of study Patients (n) ;::wmzﬁi} SD[QHQ;W sah:ﬂDSIL;E.Tn] D}:]?;T;;;C
b lon™ Robotic Endoluminal Systam
RO b Ot I C Fernandez-Bussy 2024, (12) Retrospactive 22 14 IGR, 1-2 45 860
Fernandez-Bussy 2024, (13) Retrospective 27 16.6 IQR, 13.6-18.9 28 887
Abia-Trujillo 2024, (10 Retrospective 173 12 IQR, 10-14 192 774
Abia-Trujillo 2023, (11) Retrospactive 22 18 IQR, 14-20 29 88.0
Gupta 2023, (14) Abstract prospactive 240 16 IQR, 1.1-25 265 76
 Observational studies reporting ranges from 76% - 93%  wmsssmans fomsgeene e wRes e
Low 2023, (16) Retrospective 133 19 IQR, 14-28 143 77

« Reported pooled diagnostic yield was 84.5% Charmbers 202, (17) — 75 e

« Complication rates were 2.3% for pneumothorax oongn . e m e w
. Oberg 2022, (18) Retrospactive 112 22 IOR, 13-24.2 120 00
Yu Lee-Mataus 2023, (19) Retrospective 113 18 IQR, 13-27 113 87.6
Reisenauer 2022, (20) Prospective 30 175 Sh:68 30 933
Tavakoli 2022, (21) Abstract retrospective 65 212 S0 NA 65 862
Kalchiam-Dekal 2022, (8) Prospactive 130 18 IQR, 13-27 150 817
Ost 2021(22) Abstract prospective 155 17 8D:55 155 83
Benn 2021, (7) Prospective 52 19.6 sD: 109 59 83
Haoss 2021, (23) Abstract prospective 45 14 Hange, 5-44 58 £a
Bawak 2021, (24) Abstract retrospective 76 17 Range, 6-70 T6 a2
Ghosh 2021, (25) Abstract retrospective a5 19 Range, 7-69 103 796
Pritchatt 2021, (26) Abstract retrospective 192 15 IQR, 10-21 230 92.2
Folch 2020, (27) Abstract prospective 129 18.4 SD: 5.44 129 80.6
Fielding 2018, () Prospactive 29 122 aD: 42 20 794

Monarch™ Robotic Endoscopy System

Agrawal 2023, (28) Retrospective 124 24 IQR, 13-30 124 7
Khan 2023, (29) Retrospective 264 19.3 Range, 32-72.5 264 852
Manley 2023, (30) Prospective 20 145 Hange, 8-28 20 B0
Hedstrom 2022, {31) Abstract retrospective 45 16.9 Range, 4-35 45 o
Cumbo-Nacheli 2022, (32) Retrospactive 20 22 ST 20 a0
Chen 2021, (33) Prospective 54 232 80:10.8 54 825
Ekeke 2021, (34) Retrospective 25 MNA MNA 25 96
Chaddha 2018, (35) Retrospactive 165 25 5D: 15 167 77
Hojas-Solanc 2018, (36) Prospective 15 28 Range, 1053 15 88.7
Galaxy™ Hobotic Endoscopy Systam
Saghaie 2023, (37) Abstract Prospective 14 205 Range, 10-34 15 a3

S0, standard deviation; IQR, interguartile rangs; NA, not availabla.

J Thorac Dis 2024;16(8):5422-54



Staging Aortopulmonary Lymph Nodes
Wlth Robotlc Assisted Bronchoscopy

lon Endoluminal System (Intuitive Surgical, Sunnyvale, CA, USA)
shape-sensing Robotic-assisted bronchoscopy (ssRAB) to navigate

= We initially used a 23-gauge needle to cross the mediastinal
pleura and obtain a biopsy of the subaortic lymph node.

38 Subsequently, we used a 21-gauge needle to increase the sample
size.

Distance to target

Near Edge

15 MM

Faroge A biopsy of the station 5 lymph node confirmed
29 w v" a relapse of mantle cell lymphoma

Short-axis diameter of 1.8 cm

Respirology Case Reports, 2025; 13:70109
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Cases

RUL 1T1Tmm solid nodule; Bronchus sign (-)

RUL 11mm solid nodule; Bronchus sign (-)

RML 24mm part solid nodule; Bronchus sign (+) Pulmonary a (+)

RML 15mm solid nodule; Bronchus sign (+) Emphysema Large air cyst
LLL 27mm solid nodule; Bronchus sign (+) Descending aorta adj (+), NGS
LUL 29mm Part solid nodule; Bronchus sign (+) Pulmonary a (+)

LUL non-diagnostic mass

LUL 20mm subpleural Solid nodule; Bronchus sign (-)

Mediastinal LN biopsy with EBUS TBNA, central airway necrosis



RUL 11mm nodule
Bronchus sign (-)

Case

« 58/F

- C/C
« Abnormal CT image

e # HTN
e # Panic disorder

1A ot

ex-smoker 2015., 0.5P * 25yrs

H
T

e re
18

al



CT guided lung biopsy

ight upper, C
tent with s

CO5E (+

INSMT [+3,

biopsy:
C i o




RUL 1Tmm nodule
Bronchus sign (-)

Case

* 62/M

« C/C
« Abnormal CT image

« # RUL nodule

.
-
-
8.32 mm ‘
.




SOOI TIOWAL DIAGHOSTS:
Lung, bronchus, risht upper, RB-EBUS guided transbronchial lung biopsy:
fdenoca e i noma

MOTE:
HEFE MUY S EFHH Mgzt HAMTIF-1, Mapsin A, Claudinld)S Bol:
HA 20 = Oicl AgatZ=0, = A HEF =2 2HH SEESLL

| MMUNOH [ STOCHEM | STRY
TTF-1 (+), Mapsin & (+), Claudinld (-]

EGFR =& AFSTRHOIE AFPNA EHE] &AL PCR PaNaMut vper)
RESULTS: EGFR MUTANT DETECTED
Exon 21, LB58R- MUTAMT DETECTED

Exon 21, p.LB5SER (c.2573T=G, Cosmic Mo, 6224)

Ewon 21, p.L85ER (c.2573_25W4TGE-GT, Cosmic Mo. 12429)

Exon 20, 57V6E1- MUTANT DETECTED
Exon 20, p.57RE1 (c.23036=T, Cosmic Mo, B241)

Mutation Twvpe

Exon Codon Mutat ion

15 714 NOT DETECTED

19 145-753 WOT DETECTED

il TR OETECTED
il TRH3-77h NOT DETECTED

20 730 HOT DETECTED
21 ghi OETECTED

21 ge1 WOT DETECTED




RML 24mm nodule

Ca Se Bronchus sign (+)

Pulmonary a (+)

- /18/M

« # Lung nodule
« # CKD

C/C CT abnormality

« SAH ax-smoker 1980 . 1P * 4Yr
« 2H none
¢« Al O3 L= El—Ol: DI_I-EE_JTIC

(]
—
O
N
X
>
O
>
(D



| .
4F DY AR I

2 RML
= : B-EBUS TELC
Ct v RAO lung cancer RAD preumoconiosis

—

F

01 AGHOS]5:
Lung, bronchus, right middle, R-EBUS guided transbronchial lung biopsy:

dtypical micropapillary, papillary and glandular structure,
consistent with adenocarcinoma

GROSS:
Specimen status: Farmalin fixed
Specimen: Pale tan tissue, & pieces, 0.8 2 0.4 = 0.3 cm in aggregates




Case

RML 15mm nodule

o 64/M Bronchus sign (+)

Emphysema
Large air cyst

« C/C Chest CT image abnormality

« S ex-smoker 2024.02. 1P * 40Vr
A EE dFSE 30Yrs
h

OTTr O O

* Tb hx none



Radial probe EBUS

| N
4F DT A I




Case

46/M

C/C dyspnea

LLL 27mm nodule
Bronchus sign (+) Descending aorta adj (+)



Chest CT

Pericardiocentesis done

Right diagnostic thoracentesis done
Exudate and Tuberculosis less likely
Cytology pending

t= PIESHH LLL posterior basal segmental artery 7 #H*I5t{ A|=5t/| H&k

SLICE JB{L AlZ B8 5 YBETH 20| S0 HOICHE ZH 2|



Bronchoscopy R-EBUS GS TBLC

—e

X & R-EBUS Image LB6 sub division TBLC #1 & Tl R-EBUS Image LB6 subdivision
R-EBUS within dense sign -> TBLC &7} #5 ZI3H




Diagnosis

« # NSCLC AD T1cNxM1b (Malignant pericardial effusion, brain single mets)
« EGFR wild ALK (+++) PDL1 SP263 10% KRAS neg BRAF neg ROS1 neg MET neg

A00 1T [OMAL O ARMOS S
Lung, bronchus, left lower, radial EBUS guided transbronchial lung biopsy:
Mon-smal | cell carcinoma,
consistent with adenocarcinoma with sguamoid differentiation ®

| MMUMOH [ STOCHEM | STRY :
TTF-1 (+), PR3 (+, partial)

L ORI [ 1) Lung cancer in LLL lung, suggestive.
[”Hhr""'l':'l';" . 2) Several hypermetabolic LNs at the mediastinal 1L, 2R, 4R/L and 12L.
Body fluid, cell block: Plearal fluid, cell block: Reactive LN vs. metastatic LN
Malignant cells present Inf lammat ion 3) A few small hypermetabolic nodular lesions at the pericardium.
R/O metastasis Rec) radiologic correlation

oPECIMEN ADECILACY : oPECIMEN ADECQUACY :

matisfactory for evaluation satisfactory for evaluation




AR 2 oA ATHY D BAH WY
. GPEUA B4 BFEAE 1035

Tel 0532584252 Fax: 053 2584253
. wowrw dmmo o lr

HEN: H2MEY HY
Bt 5 DA po|ajo|m
Ho| 4y Be 2 2 39 R ENT
. EHE A S 2 b s NEY
« EML4 ALK fusion detected | R
usion
MY e 2 M A
ey s ua W [ ]
ALK EMLA:ALK fusian NTREK1 oifE
BRAF QEE NTR¥Z o
EGFR ajE & NTR¥3 ojfE
ERBAZ al & RET olaE
ERAS alf & ROS1 olae
MET aH &
MEF 22
COKNZA dedetion, Tumor Mufational Burden
HRR 4} A L%
REN/REn By B4 Ba
LOH H| @ H.TEN
BRCAT CNY, CN:T.0
BRLAT LOH, 17q21.30(41197602-41276123 a7
BRCAZ LOW, 13q 13 1(32890401- 32972002 )n2
BRI CNV, CN:1.0
BRIP1 LOH, 17q23 . 2(S9T60627- 50038076 x1
CoKi2 CNY, CN:1.0
co12 LOW, 17q12( 376 1 8206- 3768761 1 jx1
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RADSID LOH, 1791 2(33427950- 33446720021
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LUL 29mm
Part solid nodule

Bronchus sign (+)
Ca Se Pulmonary a (+)

« 68/F
« C/C CT abnormality

« # HTN
« # DM
# Dyslipidemia

« S A=A non-smoker

« 2= non-alcholics

. XQl2 QE OLEOf FAf

Tb hx none




Consider biopsy before upfront surgery

2025 11:13:27
=

In significant lesion -> LUL subdivision target LUL subdivision target -> LUL Blizzard sign
Forgaty balloon back-up GS TBLC #2
Grade 3 bleeding -> stop procedure d/t bleeding



Diagnosis

O1AGMOSTS:
Lung, bronchus, left upper, transbronchial lung biopssy:
Mon-small cell carcinom,
consistent with adenocarcinoma

GROSS:
specimen status: Formalin fixzed
specimen: Pale tan tissue, 2 pieces, 0.6 » 0.5

2 0.2 cm in aggregates

# NSCLC AD cTTNOMO cStage 1A3

N o o EGFRm L858R ALK neg PDLT SP263 2%
Post biopsy CXR LULF aspirated blood KRAS neg BRAF neg ROS1 neg




Case

« 74/M
« C/C lung mass

10F

« SAHH ex-smoker 2015 1P * 30Yr

« == social

o
. XloiE CmEY X

Tb hx 2011. 2t=

i




Chest image

2024.05.10

2024.05.14
Radial EBUS CRYO biopsy
#5 core

2024.05.17

>

$

52t



Diagnosis

1. X< =ZIZAHA} TBLB via forceps: FGFR S AHS CIEHO| 2L AHPNAT|HF2] &1 AIZF PCR PANAMUtyper):
ADDITIONAL DIAGNOSIS: 2024.05.14 eSS
* Lung, bronchus, bronchoscopic biopsy: KRAS SHFFICHA A Lung)( 4

+ A few atypical cells, favor carcinoma (see NOTE)
RESULTS: Mot DETECTED

« ADDITIONAL NOTE:
. XZXlo| Q0| M1 O}

o ES L RESULTS: Megative - ROS1 gene fusion ABSENT(AMOIOIA 2
A2 et A2 He EELCH

{1108 8051 Fusion{& Al PCRY(2IZ])

° IC->|%|F (i

F9-
mo

CTI0EIMET ampl if ication(® 2 4

* ADDITIONAL IMMURORISTOCHEMISTRY: RESULTS: MET gene amplification Absent (AFHOIOIR] Z
+  CK7 (+, focal), CD56 (-), Synaptophysin (-)

RESLULTS:
ALK ZHFEITH Negat ive

2. CRYO biopsy (rebiopsy): (SP2631:  Megative (0 %)

ADDITIONAL DIAGNOSIS: 2024.05.24 Rebiopsy (28 (50)(11DV)NGSTI B S TN ZIA(HI A M E&H S 24235 Level | + ANA
« Lung, bronchus, left upper, radial EBUS guided transbronchial lung biopsy: S
 Adenocarcinoma, primary in lung RESULTS: (AMOIO/F =)
Sample Adequacy: Adequate
e IMMUNOHISTOCHEMISTRY: M EA 2 22
«  CK7 (+), TTF-1 (+, partial), Napsin A (+, weak), CDX2 (-) EGFR 012

EGFR 0|2
BRAF 0|2
ROs1  OJE
RET  OI2

0 0 O 0%
ME T T TR MR



Case

« /4/M
LUL 20mm
. Solid nodule
° C/C Neck paln Bronchus sign (-)

« S A current smoker 0.5P * 50Yr

« 2T heavy

HEH XAX 24

* Tb hx non



Percutaneous biopsy

AOOTTIOMAL D1 AGMOS]S:
Lung, lett lower, CT guided lung biopsy:
Mon-smal | cell carcinoma, consistetn with adenocarcinoma

| MMUNOH | STOCHEM | STRY :
CK? (+), TTF-1 (+), Mapsin & (+), PE3 (-)

# Lung cancer, adenoca, LLL, cT2aNOM1b
EGFRw ALK negative PD-L1(SP263): Positive (30 %)
7t BAF =7k L L]

Y

1) R/O Lung cancer in LLL lung.

2) A few hypermetabolic LNs at the mediastinal 10R/L. Reactive LN
3) A hypermetabolic bone lesion at the C7 body.

R/O metastasis Rec) Pathologic correlation



Treatment 1L 10 with Chemotherapy

s/p #4 Pembrolizumab+Pemetrexed doublet
s/p C-spine bone metastasis SB RTx for a week

20241011 — 202510109




Wedge resection of lung 2025-01-21

Lung, left lower lobe, wedge resection:
Adenocarcinoma, grade 3

MICROSCOPIC:
Histologic type: Adenocarcinoma, predominantly solid
Histologic patterns:
Solid: 60 %
Lepidic: 10 %
Papillary: 10 %
Acinar: 10 %
Micropapillary: 10 %
Tumor size: 3.6 x 2.7 x 1.3 cm
Main bronchus: Not applicable
Resection margin: Clear but very closed (less than 0.1 cm)
Pleural invasion: Involved by tumor (PL1)
Lymphovascular invasion: Absent
Spread through air spaces: Present
Perineural invasion: Absent
Necrosis: Absent

Pathologic stage: pT2a Nx (AJCC 8th edition)
pT2a: Tumor > 3 cm but < 4 cm in the greatest dimension
Invades visceral pleura (PL1)




NGS report with surgical biopsy

(HHEOINGSTIEE STANGZAHHI LM ZSEI AL, Level 2 + Ab Fusion):  [EENIEN
O| A=

RESIULTS: ({AFHOIOR &=

sample Adequacy: Adequate TP53 neg
| Hlit” lFII'

[H
F_..L

ZA 2d

ERE E-._
KR
MET
MTRET
MTRE:Z
WTRE.S
RET
RO

0% 0% 0 0% 0 0% 0% 0% 0% 0% IZI';.!
TR TEB: L B T AR L TER T AR R I]'

Tumor Mutational Burden 3.79 Mut/Mbh =2 =l
H | _1' 11'|J 1._'.._'.
LOH H= 0.0 %




Case
« 78/F
 Consultation for biopsy

« # Thyroid SqCC, cT4aN1bMO
« CCRT (2024.11.13 ~2024.12.24)

CST for mediastinal LN biopsy



Bronchoscopic approach

D:
Name:

Sex: Age:
D.0.B.:
0370572025
11:35:46

HER/---
0/379
Eh:AS Ce:0

Vocal cord o}t
Upper trachea direct invasion




EUS approach with TBNA

RESULTS: OfAGHOSTS:
CK.pan {+) Lymph node, *%F°, endobronchial USG transbronchial needle aspiration biopsy:
EEEB(EJ f?l:ﬂl]llj Metastatic carcinoma (see NOTE)
+, foca
O AGHOS1S: NOTE:
Lymph node, labeled "Y', FNA: If the primary site is the thyroid glands, the possibility of anaplastic
Mecrotic tissue carcinoma should be considered.

‘ 1) ‘
@390 @ @®

EUS TBNA via 22G #0/#7 EUS TBNA via 19G #2/3




The end
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