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•Lung Cancer History and Statistics

•Risk Factors

•Lung Cancer Screening

•New Technologies for Lung Cancer Diagnosis 
and Staging

•Biomarker Testing

•Future



Once a rare disease…“Mountain Sickness”



The 20th Century



History of IP at Hopkins

1969, Wang and Marsh introduce Flexible 
bronchoscopy to Maryland

• Residents were “head holders” for 500 cases 
before they were permitted to hold a 

bronchoscope
• 20 cases every 3 hours for morning session

1966 Shigeto Ikeda
“more hope with the 

bronchoscope”

Gustav Killian, ”Father of Bronchoscopy: 1897 First laryngologist in Maryland : 
1863 Professor



Brief History of TBNA

•1949: Eduardo Schieppati performs first TBNA with a 1mm steel needle through a rigid 
bronchoscope publishes data in the Review of Argentine Medical Association

•1954: At Hopkins: Rigid TBNA performed for mitral valve evaluation prior to surgery

•1959 Mediastinoscopy first described by Carlens
◦ TBNA rarely used/mentioned in the literature

•1978: Wang, Terry and Marsh publish Bronchoscopic needle aspiration biopsy of 
paratracheal tumors

Carlens, Dis Chest 36:343-352

Wang, Am Rev Respir Dis. 1978 Jul;118(1):17-21.







The fathers of TBNA
Ko Pen Wang               Eduardo Schieppati



Despite the Innovation: History repeats itself

Solbert Permutt, MD



Our Why

American Cancer Society. Cancer Facts & Figures 2018 Atlanta: American Cancer Society; 2023

2,100,000
new diagnoses globally

Annual Global Cancer 
Mortality 2,100,00

0



EpiCast Report: Non-Small Cell Lung Cancer (NSCLC)- Epidemiology Forecast to 2025. New York, NY: GlobalData; November 2016. 

American Cancer Society. Cancer Facts & Figures 2025. Atlanta, GA: ACS; 2018. 

Approximately 75% of 
patients with NSCLC 

present at an advanced 
stage

Lung cancer 
accounts for

≈13%

≈25%

of all cancer 
diagnoses 

of all cancer 
deaths

NSCLC accounts for 
approximately 85% 

of lung cancers

85%

10%-15%
<5%

NSCLC SCLC Others

Stage I

Stage II

Stage III

Stage IV

The Burden of Lung Cancer



Impact of delays in the diagnosis of lung cancer

Zuniga, Ost Chest, 2025



How can the Interventional Pulmonologist improve outcomes?

Forde et al, NEJM (2022)
Reck et al, NEJM (2016)
Levy BP, et al. Oncologist. 2015;20(10):1175-1181.

Dietel M, et al. Thorax. 2016;71(2):177-184. 

Lindeman NI, et al. Arch Pathol Lab Med. 2013;137(6):828-860. 
Lindeman NI, et al. Arch Pathol Lab Med. 2018;142(3):321-346. 

TYPICAL TURNAROUND TIME FOR PREDICTIVE BIOMARKER TESTING
(business days)

1413121110987654321
Sample 

received by 
testing 

laboratory
IHC testing: 
About 1-2 days

Molecular analysis: 
Up to 14 days

Treatmen
t choice

All test 
results 

received

Next Generation Sequencing (NGS) has become 
pivotal to cancer care



Are there procedural techniques to optimize outcomes?

Yarmus L, Annals ATS 2014
Yarmus, L, et al, JOBIP 2012
Trisolini R, et al. Chest. 2015



Innovation in Bronchoscopy: The Journey towards the 
holy grail

•Single Procedure:
◦ Staging

◦ Diagnosis

◦ Molecular profiling

•Minimally invasive treatment





• High rate of N2 metastasis among T1 tumors
• No significant relationship between tumor diameter or location (central 

vs peripheral)
• **Small, peripheral lung cancers may benefit from invasive mediastinal 

staging

Increased Need for EBUS Staging

DuComb E, et al.  CHEST. 158(5):2192-2199 (2020)

Role of Staging T1 Tumors



•Virtual Bronchoscopy

•EMN
◦ Super Dimension 

◦ Augmented Fluoroscopy (Fluoro Nav, Body Vision)

◦ Monarch Robotic Bronchoscopy

◦ Galaxy Robotic Bronchoscopy (*combines integrated tomosynthesis technology and augmented 
fluoroscopy)

•Shape Sensing
◦ Ion Robotic Bronchoscopy

Platform Selection



3.0 mm OD/1.7 mm WC 4.0 mm OD/2.0 mm WC

AJRCCM 2015. 192(4): 468-476
Oki, et al. AJRCCM. 2019



84% Yield 48% Yield

Chen et al. Ann Am Thorac Soc 2014 May; 
11(4): 578-82  

Radial EBUS

Ultrasound used in the periphery of the lung
Introduced through the working channel of the bronchoscope

Frequency 20 MHz



iNod Boston Scientific

Yarmus et al. Respiration. 2019 ; 98(6): 527–533.



Virtual Navigation

•Pattern Recognition Software 



Virtual Bronchoscopy

Respiration 2014; 88:430-440
PLoS ONE 2018; 13(1): e0191590



SuperDimension illumisite System

•Uses previously performed thin cut non-contrast CT.

•Tip-tracked locatable guide (LG) through a catheter system.

•LG removed and biopsies are done through the catheter working 
channel.

•Extended working channel is also tracked and incorporates use 
of augmented fluoroscopy.

•Longest tenure/track record of navigation systems.

Lamptrcht et al Respir Med 2012
Karnak et al Ann Thor Med 2013
Gildea et al Am J Respir Crit Care Med 
2006
Ebhardt et al Am J Respir Crit Care Med 
2



Screen Shot



Evidence for SuperDimension

78% (51)<20mm100Avasarala et al. (2021) *

80% (49)>20mm(Illumisite)

77% (22)<20mm78Dunn et al. (2023) *

91% (56)>20mm(Illumisite)



Augmented Fluoroscopy

J Bronchology Interv Pulmonol. 2021 Mar 17.
Respirology. 2020 Feb;25(2):206-213



R-EBUS vs ENB

•41 studies, 2988 nodules

•Sensitivity: R-EBUS: 70.5%, ENB: 70.7%

•Diagnostic Accuracy: R-EBUS: 72.4%, ENB: 76.4%

•Complications for both < 2%



Diagnostic Yield of Guided Bronchoscopy in MC-
RCT’s

Virtual Bronchoscopy, Electromagnetic Navigation & Radial EBUS

> 2cm Lesions≤ 2cm LesionsDiagnostic Yield

83%61%Wang Memoli, Meta-analysis (2012)

72%NAZhang, W., Meta-analysis (2015)

53%47%Ost AQuIRE Registry (2016)

77% pooled sensitivityFolch NAVIGATE Meta-Analysis (2019)



Updated Meta-Analysis 10 years Later

Nadjig et al. CHEST 2023 Jan 11; S0012-3692 (23)00030-
2



24 Month Follow- Up of 
NAVIGATE 

Folch et al. J Thorac Oncol. 2021;16(3):S134–
S135.



Electro Magnetic 
Navigation (EMN)

Shape Sensing 

Outer sheath (6mm) with inner 
bronchoscope (4.2 mm) 

Outer sheath (3.5 mm)

Must remove vision probe during 
biopsy

In place Vision

EMN + 
tomosynthesis

Disposable Outer sheath (4mm)

In place Vision

Diagnostics (Basel). 2024 Feb 12;14(4):399.



Articulation





•Cadaver study

•All segmental bronchi were accessed with a thin 
scope and robotic bronchoscope (same OD)

•Robotic scope was advanced further in all 
segments

◦ Particularly in angulated segments (RB1, LB1&2)



• Prospective, single-blinded study
• Ultrathin scope with REBUS vs EMN vs Robotic Bronchoscopy
• Cadaver models with nodules < 20 mm
• End point was to localize and sample the nodule

• Also calculated “miss distance”



PRECISION-1

Yarmus et al. CHEST 2020; 157(3):694-701



• Retrospective review of 165 patients

• Average nodule 25 mm

• 71% located in peripheral 1/3 of lung

• Pneumothorax: 3.6%

• Excessive bleeding: 2.4%

• Tissue samples 98.8%

• Diagnostic yield: 69.1-77%
◦ 81.5% Concentric REBUS view
◦ 71.7 % Eccentric REBUS view
◦ 26.9% No REBUS view
◦ Not affected by density, size or lobar location



•Porcine Model: 16 implanted targets

•38 procedures

•Median nodule: 16mm

Closer is Better: ACCURACY Trial

Thiboutot, et al. Respiration. 2022



• Single Center, prospective 
enrollment

• 131 cases, 159 targets
• Median nodule size: 18mm
• Diagnostic yield: 82%
• Sn malignancy: 80%
• NPPV: 72%
• PTX rate: 1.3%

Or Kalchiem-Dekel. CHEST 2022



CHEST 2022 Oct 29;S0012-3692(22)04032



•Discrepancy between the location of a nodule on static 
imaging and in the dynamic lung itself

◦ Local atelectasis

◦ Poor CT scan resolution

◦ Airway distortion from scope

◦ Hemorrhage

◦ Other factors such as pleural effusion

CT: Body Divergence

Bhadra et al. J Bronchology Interv Pulm. 2022
Pritchett et al. J Thorac Dis. 2020
Picture from Noah Medical website



CT to Body Divergence

Note: airways and nodules both show mismatch

DIVERGENCE

Pritchett, M. JTO 2018; Suppl (Oct):S403



Real-time imaging modalities 

Portable 3D imagingDigital Tomosynthesis Fixed 3D CBCT 





Cone Beam CT and Augmented 
Fluoroscopy



3/12/2026 49



3/12/2026 50



3/12/2026 51



Do we need advanced imaging with 
RAB?

•Single-center, prospective, pilot study
◦ 30 lesions with median size 17.5 mm 

•Median distance from pleura of 14.9 
mm

•Tool-in-lesion was visualized at the time 
of the procedure in 29 lesions (96.7%)

•Mean number of spins was 2.5 with a 
mean fluoroscopy time of 8.7 min
◦ 1 spin for adjustment  

•No episodes of bleeding or 
pneumothorax

Mayo Clin Proc Innov Qual Outcomes. 2022 Apr 
23;6(3):177-185



Do we need advanced imaging with RAB?

•N= 10 lesions in 5 patients using the SS RAB platform in conjunction with the mobile 3D 
spin. 

•Tool-in-lesion in 90% of their patients

•The relationship between the biopsy tool and lesion was improved in 3 instances (30% of 
the time) after the subsequent redeployment of the tool

◦ Based on direct feedback from the intraoperative portable CT imaging

Respirology. 2021;26(1):120–123



•N=52 pts with total of 59 nodules

•Mean size < 2 cm

•Reach 100% with cone beam CT 

•Sensitivity for malignancy 84% (31/37)

•CBCT confirmed proper needle placement within 50 (85%) lesions 

•15% of cases needed adjustment based on CBCT

•Diagnostic yield 86% (51/59)- infection 9( 18%) and inflammation 9 (18%) 

•Pneumothorax 2/52 pts (3.8%); bleeding 0%



•Median nodule size: 
1.7cm

•TIL: 34.3% vs 98.6%

•97.7% of those without 
TIL with RAB alone 
successful with 
addition of CBCT

•DY: 29.9% vs 86.6% 
(strict definition)







•There should already be a map in your head before you plan 
with the software 

•You must be a master at airway anatomy and be able to 
follow all airways

•Take time with the software to really know all the features
◦ Airway diameters, distances, orientation etc.

Pre-Procedure Planning



Use Multiple Tools

Wang et. al. Chest. 2012 Aug;142(2):385-393.
Iyoda et al. Thorac Cardiovasc Surg 2006; 54(2): 117-119



•Prospective case series (n=116) 
◦ 6.9% with decrease in size or resolution of lesion 

◦ NNT = 15 

Benefits of same day CT scan 
– Confirm nodule present and stable 

– Reduce non-diagnostic procedures 

– Maintain closest anatomy to procedure 

– Respiratory Gating 

Same Day CT Imaging

Semaan et al, 2016, Annals of American Thoracic Society



Cryobiopsy for Enhanced Tissue Acquisition

Yarmus et al. Chest. 2016



Safety of Cryobiopsy for Peripheral Lesions

 Pneumothorax rate: 
68/1024 (6.6%)

 Diagnostic Yield: 
91% (932/1024)

Herth et al, Chest. 2021 
Thiboutot et al. Respiration 
2022

Table 2. Complications

Pneumothorax, n (%)
2 (4) Grade 1

0Grade 2-5*
Bleeding, n (%)

25 (50)Grade 0
23 (46)Grade 1

2 (4)Grade 2
0Grade 3*
0Grade 4*

Respiratory failure, n 
(%)

0Device-related*
1 (2)All-cause

* included in primary outcome



ROSE

•One RCT showed a 10% increase in success rate for lung cancer 
genotyping with ROSE during EBUS (though not statistically significant)

•Especially important in the periphery where it is difficult to get enough 
cells for ancillary studies

•5 RTCs. – 618 patients:

•Diagnostic yield with and without ROSE: No added benefit with ROSE

•Needle passes: Significantly fewer needle passes with ROSE: -1.1

•Procedure time: No difference
Marcoux. Curr Opin Pulm Med. 2020
Trisolini. CHEST. 2015
Sehgal IS, Chest. 2018 Apr;153(4):929-938
Wahidi MM Chest. 2016 Mar;149(3):816-35. 



Cytology Processing

•Rapid Onsite Cytopathology (ROSE) 

•Intra-op slide preparation from TBNA sample

•Additional passes are obtained for cell block/ clot from the best location



Current State of Early-Stage Treatment

•Surgical resection remains the standard of care

•When patient is not a surgical candidate, options include:
◦ Stereotactic body radiotherapy (SBRT)

◦ Percutaneous thermal ablation:
◦ Radiofrequency Ablation (RF)

◦ Microwave Ablation (MWA)

◦ Cryoablation

◦ Emerging bronchoscopic techniques



NCCN Guidelines



Bronchoscopic Technology Under Evaluation

•Radiofrequency Ablation (RFA)

•Microwave Ablation (MWA)

•Photodynamic Therapy (PDT)

•Cryotherapy

•Vapor Ablation

•Brachytherapy

•Very limited data on use of these technologies in vivo

Harris, K. Chest 151 (3), 2017: 674-685



Now that we can get there…

• Ablation zones
• Safety

• Bleeding
• PTX
• cavitation

• Efficacy



Xie et al. Thorac Cancer. 2022

• Single arm: Stage 1A NSCLC, non-surgical candidates
• Intervention: MWA using EMN with fluoroscopy
• Planned enrollment: 40 patients
• Primary outcome: ‘technical success’ – correct placement
• 13 patients, 100% technical success
• Complication rate: 2/14 (14%) – both PTX
• 2 year local control 10/14 (71%), PFS 33 months



Pritchett et al. Respiration. 2023

• Single arm: Stage 1A NSCLC, non-surgical candidates
• Intervention: MWA using EMN with cone-beam confirmation
• Planned enrollment: 40 patients
• Primary outcome: ‘technical success’ – radiographic at 30d
• Enrolled: 10 patients
• Study halted after 2 deaths (massive hemorrhage, COPD 

exacerbation)
• Technical success rate 100%



•Who: cT1N0, <2cm, CT/PET neg mediastinum, surgically resectable

•How: 
1) Multi D informed consent

2) EBUS/RAB/CBCT with ROSE, if +, Treatment at same procedure
1) Confirm needle/fiber in lesion by CBCT

2) Systemic infusion of drug (10 mins)

3) Activation of light fiber  (~15 mins) with dose escalation

3) Research admission for 48 hrs for safety monitoring

4) Resection 5-21 days post procedure

•Endpoints: Safety/Feasibility

A multicenter open-label phase 1/1b study to evaluate safety, feasibility and early 
treatment effect of Padeliporfin VTP (Vascular-Targeted Photodynamic Therapy) using 

RAB/CBCT



Bronchoscopic Lung Cancer Treatment

•Combined staging, diagnosis and treatment into a 
single procedure
◦ Time to Diagnosis/Treatment
◦ Safety
◦ Cost
◦ Patient Centered Outcomes
◦ PFS/OS

•Immediately deliver a definitive treatment with an 
ablative therapy…

•Neoadjuvant Therapy

•Immune Primer/Abscopal Effect
Murphy MC, Update on Image-Guided Thermal Lung Ablation: Society Guidelines, Therapeutic 
Alternatives, and Postablation Imaging Findings. AJR 2022 Mar 23



•Guided Bronchoscopy is evolving rapidly

•Select your platform according to your needs and options

•Use a variety of tools and intraprocedural imaging if possible

•Make sure to create an adequate cell block

•Strong need for robust comparative studies to determine optimal bronchoscopic
approach and technique for ablation

Take Home Points



Peripheral Nodules: Robotics











Silvestri et al, Guided Bronchoscopy for the evaluation of 
Pulmonary lesions: An Updated Meta-analysis. Chest 2023

• Total of 16,389 lesions from 126 studies.
• Yield in 2012: 70.5%
• Yield after 2012: 69.2%
• Pooled approaches analyzed
• No significant difference in yield when 

comparing different technologies.

Is there a Gold Standard? Do we know what bronchoscopic yield really is?



What happens when we start to randomize and standardize 
definitions with isolated approaches?



What happens when we isolate approaches and strict 
outcomes?

• Single-arm, prospective, multi-center trial; Dx yield EMN
• Core Pathology and Radiology, 12-month follow up
• No flouro, radial, or other ancillary guidance

LiberalIntermediat
e

Strict

73.3%56%49.3%ENB  Yield

Thiboutut, Yarmus  J, 2023, ARJCCM



Standardized trial design and outcome parameters

Gonzalez, Yarmus et al , AJCCM 2024



2006 20192012

Yarmus, L, Annals ATS 2022 
Thibboutot J, AJRCCM, 2023

VERITAS: Can bronchoscopy meet expectations?



 

Study Arm n 

Study Outcomes 
 

Localization and Puncture      
(Primary Endpoint)a              

 
% (n) 

 
Localization & Puncture       
(Secondary Endpoint)b               

 
% (n) 

 
Successful Navigation 

 
% (n) 

UTB-rEBUS 20 25 (5) 35 (7) 65 (13) 

EMN 20 45 (9) 65 (13) 85 (17) 

RB 20 80 (16) 90 (18) 100 (20) 

Yarmus et al, CHEST 2020



Mallow, Yarmus et al, Respiration, 2019

IP and Innovation at Hopkins:  Have we been limited by our biopsy tools? 



Yarmus et al CHEST 2013;143(3):621-626.

 Prospective study of lung transplants 
undergoing surveillance or for cause (rejection) 
biopsy

 All patients underwent TBBX using forceps 
(x10) then
1.9 mm cryoprobe (x5)

 Pneumothorax (1/21); delayed and unable to 
identify group

 Bleeding

- Grade 2 (wedging or iced saline): 1/21 in 
cryoprobe

- No grade 3 or 4 bleeding (bronchial blocker)





Table 2. Complications

Pneumothorax, n (%)

2 (4) Grade 1

0Grade 2-5*

Bleeding, n (%)

25 (50)Grade 0

23 (46)Grade 1

2 (4)Grade 2

0Grade 3*

0Grade 4*

Respiratory failure, n (%)

0Device-related*

1 (2)All-cause

* included in primary outcome

FROSTBITE-1 – Phase 1 trial
• Peripheral CBx with 1.1mm probe
• Any indication (ILD, LTxp, lung nodule)
• Pre-defined safety outcome with stopping 
• and FDA retraction rules 

FROSTBITE-2 – RCT
• 500 patients
• Largest RCT in Bronchoscopy
• Completed enrollment



Navigation Endoscopy to Reach Indeterminate Lung Nodules 
versus Transthoracic needle Aspiration (VERITAS)

Lentz et al, NEJM 2025

• Bronchoscopy yield 70-80%; complications ~5%
• CT-TTNA yields reported >90%, complications ~30%
• Need for comparative effectiveness trials 

• Design: Multicenter RCT  Navigational bronchoscopy vs. CT-guided needle biopsy 
• Noninferiority of NB to CT-TTNB for Diagnostic accuracy/Diagnostic yield:



• CT scans obtained • BT plans created
• 41 seed plans 

• Target dose 100 Gy

• Intubated/ventilated
• RB-CBCT implantation
• Dosimetry Calculated

• Mean pseudotumor size: 1.5cm

• 41 BT seeds placed  96% accuracy

• Seed Placement Error +/- 3mm

• Target dose (D90%) = 100 Gy
• Mean achieved dose (D90%) = 111 Gy



Thank You             aargent1@jh.edu



NSCLC Survival Has Greatly Improved

•Mortality for all lung cancer 
stages has greatly improved

•Precision Medicine is the driver 
of recent NSCLC survival gains
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