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▪ Investor/advisor – Oatmeal health

▪ Consulting/grants/ad boards/travel – Qure.ai, Sanofi, Penumbra, Noah Medical, Intuitive surgical, 
Biodesix

▪ Pace of change & updates

Disclosures



▪ Nodule program structure

▪ Referral patterns & sources

▪ Biopsy or not

▪ Biopsy options

▪ Treatment overview

▪ BONUS - Role of AI

Outline



▪ Nodule program structure

▪ Referral patterns & sources

▪ Biopsy or not

▪ Biopsy options

▪ Treatment overview

▪ BONUS - Role of AI

Outline



▪ Incidental

▪ Screen detected

▪ Which nodules enter the referral que?

❑ L-RADS 

❑ Fleischner guidelines

▪ Where do they ‘land’?

❑ Nodule board – virtual multi-disciplinary review

❑ Nodule clinic – IP/TS – routine consultation

Nodule program structure



▪ Nodule management software?

▪ Excel sheet?

Nodule program structure



Courtsey Scott Skibo

My practice – dashboard 



Courtsey Scott Skibo

My practice – CT findings 



Courtsey Raycil Jones

My practice – patient work list



Fleischner society guidelines

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



Fleischner society guidelines

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



L-RADS

https://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/Lung-RADS-2022.pdf



L-RADS

https://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/Lung-RADS-2022.pdf



Nodule program structure

Incidental

Radiologist

ER

Other MD

AI

Screening

Centralized

Decentralized

Navigator

Navigator

Fleischner guidelines

L-RADS >=3 Nodule board/

Nodule clinic

(loop)

Procedure

Solitary, <6mm

 or stable* (2, 5 yr)

All else

PCP

L-RADS 1, 2 Follow to resolution,

or stable or benign Therapy



▪ Incidental

❑ Radiology

❑ ER

❑ Other MD

❑ Self

❑ AI

▪ Screen detected

❑ Centralized (hub and spoke)

❑ Decentralized (each one do one)

▪ Logistics

❑ Automated

❑ Manual 

Referral patterns & sources
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▪ Utilize all available information to judge malignant potential

❑ Patient characteristics

o Age

o Smoking

o Cancer history – personal, family

❑ Nodule characteristics

o Location

o Size

o Shape

o Growth/Volume doubling time

o PET scan – nodule, nodes, distant spread

❑ Blood based testing

o Integrated classifier

o Infectious serologies

❑ AI

Biopsy or not

Solitary Pulmonary Nodule (SPN) Malignancy Risk Score (Mayo Clinic Model) (mdcalc.com)

https://www.mdcalc.com/calc/4057/solitary-pulmonary-nodule-spn-malignancy-risk-score-mayo-clinic-model


Nodule characteristics - hamartoma

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



Nodule characteristics - granuloma

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



Nodule characteristics – ground glass opacity

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



Nodule characteristics – intra-parenchymal lymph node

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



Nodule characteristics – adenocarcinoma 

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



Nodule characteristics – metastatic disease

Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017. MacMahon et al. https://pubs.rsna.org/doi/10.1148/radiol.2017161659



▪ Rule-out biomarker

▪ Reduce procedures for benign nodules

▪ Combines 2 proteins (LG3BP, C163A) and 
5 clinical/imaging factors 
(age, smoking status, nodule size, spiculation/not, location)

▪ Identifies benign nodules with 98% NPV

▪ Equally strong performance in males and females

▪ AI backed development – ML based error correction, prevent over-fitting, data boosting

Integrated classifier – blood test to judge cancer risk



AI <> blood – my practice

Pre-test

risk

Pre-test

risk

Post-test

risk

Post-test

risk



AI <> blood – my practice



Things I think about

▪ No more scans?

▪ Ignore and biopsy? (but the AI said it’s okay!?!)

▪ Trust, but verify.



AI <> blood – my practice

But

10 yr

Earlier

   →

2.2 cm 1.2 cm



Things I think about

▪ One more scan? It’s a 10 yr interval without ‘spread’

▪ Biopsy? (Trust, but verify).

▪ Surgery?



CT with/without PET scan

https://www.charterradiology.com/pet-ct/pulmonary-nodule-clinic/



CT with/without PET scan

https://www.aboutcancer.com/adrenal_sah_1007.jpg



AI in imaging – my practice

Good to know

Meh

The other one 

→
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▪ Can patient tolerate a biopsy?

❑ Empiric radiation

❑ Fiducial only

▪ Technique

❑ Transthoracic

❑ Bronchoscopic

o Nodule

o Nodes – sequence 

o Both

❑ Surgical – open/VATS/RATS

❑ Metastatic sites

Biopsy options



Transthoracic needle biopsy



Bronchoscopy – ‘regular’ 

https://pulmonarypracticeassociates.com/navigational-bronchoscopy/



Bronchoscopy – EBUS (ultrasound)

https://mforum.com.au/endobronchial-ultrasound/



Robotic-assisted bronchoscopy – Ion 

https://ctsurgery.weillcornell.org/surgical-services/thoracic-surgery/interventional-pulmonology/robotic-bronchoscopy



Robotic-assisted bronchoscopy – Monarch

https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-019-0857-z



Robotic-assisted bronchoscopy – Galaxy

https://www.youtube.com/watch?app=desktop&v=l-nk3SEvpKQ



Future of biopsy?



If I had to choose just 1?

▪ Transthoracic needle aspiration

▪ Flexible bronchoscopy

▪ EBUS (endobronchial ultrasound guided FNA)

▪ Robotic bronchoscopy

▪ Surgery

https://mforum.com.au/endobronchial-ultrasound/



Choosing the method of biopsy

▪ Ensure the diagnosis

▪ Ensure the highest stage

▪ Decision is either MDD or proceduralist – Pulmonary (IP/ADB) or Thoracic Surgery



Lung cancer stages



Lung cancer stages



Why do we stage lung cancer

Stage shift

▪ Table shows differences in survival depending on
stage of diagnosis

E.g.

▪ 97% patients alive at 2yr for stage IA1 (earliest)

▪ Only 10% patients alive at 2yr for stage IVB
(last stage) 

www.uptodate.com
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▪ Types of lung cancer

Treatment overview

www.lung.org



Lung Cancer Treatment

▪ Depends on type – Small cell lung cancer (SCLC) vs NSCLC (Non-small cell lung cancer)

▪ Role of genetic analysis

▪ Surgery – open/VATS/RATS

▪ Non-surgical options

❑ Chemotherapy

❑ Immunotherapy

❑ Radiation therapy



▪ Open

▪ Video-assisted thoracoscopic surgery (VATS)

▪ Robotic-assisted thoracoscopic surgery (RATS)

https://cancer.stonybrookmedicine.edu/LungCancer/Surgery

Lung cancer surgery



▪ Biomarker testing

❑ Tissue

❑ Liquid 

www.lung.org

Chemotherapy & immunotherapy



Radiation therapy
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AI logic tree

AI

Strong AI
AGI

Weak AI

Broad categories

Utilities

▪ NLP

▪ Vision

▪ Speech

▪ Audio
Machine learning

(subset of AI)

Reinforcement 

learning
Unsupervised ML

Supervised ML



AI logic tree

Reinforcement learningUnsupervised MLSupervised ML

Deep Learning
(subset of ML)

Neural networks
(building blocks of DL)

Artificial NN
(brain mimicry)

Convolutional NN
(images, voice)

Recurrent NN
(data series)



▪ Pattern recognition – a need for patients & a strength of AI

▪ Vast quantities of images and reports

▪ Does not fatigue

▪ Image analysis

▪ Current risk estimations

▪ Future risk predictions

Lung nodules – ‘why’ AI



Liu JA, Yang IY, Tsai EB. Artificial Intelligence (AI) for Lung Nodules, From the AJR Special Series on AI Applications. AJR Am J Roentgenol. 2022 Nov;219(5):703-712. doi: 10.2214/AJR.22.27487. Epub 2022 
May 11. PMID: 35544377.

Lung nodules – ‘how’ AI



▪ Form of deep learning

▪ Direct assessment of pixels

▪ Convolutional neural network

❑ Analogous to human brain

❑ Input layer → no. of hidden layers → output layer

❑ Output compared to ‘ground truth’

https://www.analyticsvidhya.com/blog/2021/05/convolutional-neural-networks-cnn/

Computer vision



▪ Is distinct from computer vision

❑ Images vs reports

▪ Began in 1950s as AI →Linguistics

▪ Must extract meaning from written text

▪ Use large volumes annotated text to train algorithms

▪ Medical speak/grammar/jargon does not follow traditional rules & is challenging

Natural Language Processing



Vessel suppression

Riverain – ClearRead CT



LCP-CNN 

▪ Trained on NLST data

▪ LCP likelihood score –  0 to 100%

▪ Externally validated at 2 institutions 
(VUMC – Vanderbilt – US, OUH – Oxford – UK)

▪ VUMC – prospective, OUH – retrospective

▪ Computer Vision – Dense Convolutional Network (type of CNN)

▪ Clinical variables found to not contribute to the score, and were excluded
(strength or weakness?)

Massion PP, Antic S, Ather S, Arteta C, Brabec J, Chen H, Declerck J, Dufek D, Hickes W, Kadir T, Kunst J, Landman BA, Munden RF, Novotny P, Peschl H, Pickup LC, Santos C, Smith GT, Talwar A, Gleeson F. 
Assessing the Accuracy of a Deep Learning Method to Risk Stratify Indeterminate Pulmonary Nodules. Am J Respir Crit Care Med. 2020 Jul 15;202(2):241-249. doi: 10.1164/rccm.201903-0505OC. PMID: 
32326730; PMCID: PMC7365375.

Optellum – Virtual Nodule Clinic



LCP-CNN – superior AUC to Mayo and Brock

Massion PP, Antic S, Ather S, Arteta C, Brabec J, Chen H, Declerck J, Dufek D, Hickes W, Kadir T, Kunst J, Landman BA, Munden RF, Novotny P, Peschl H, Pickup LC, Santos C, Smith GT, Talwar A, Gleeson F. 
Assessing the Accuracy of a Deep Learning Method to Risk Stratify Indeterminate Pulmonary Nodules. Am J Respir Crit Care Med. 2020 Jul 15;202(2):241-249. doi: 10.1164/rccm.201903-0505OC. PMID: 
32326730; PMCID: PMC7365375.

Optellum – Virtual Nodule Clinic



LCP-CNN vs Brock (UK study)

▪ Incidental nodules 5-15mm

▪ 3 UK hospitals

▪ All cancer dx had histological ground truth

▪ LCP-CNN – 1 false negative, Brock – 6 FN

▪ Similar specificity

“LCP-CNN score has better discrimination and allows a larger proportion of benign nodules to be identified 
without missing cancers than the Brock model.”

Baldwin DR, Gustafson J, Pickup L, Arteta C, Novotny P, Declerck J, Kadir T, Figueiras C, Sterba A, Exell A, Potesil V, Holland P, Spence H, Clubley A, O'Dowd E, Clark M, Ashford-Turner V, Callister ME, Gleeson FV. External validation of a convolutional neural network 
artificial intelligence tool to predict malignancy in pulmonary nodules. Thorax. 2020 Apr;75(4):306-312. doi: 10.1136/thoraxjnl-2019-214104. Epub 2020 Mar 5. PMID: 32139611; PMCID: PMC7231457.

Optellum – Virtual Nodule Clinic
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LCP-CNN vs Brock (UK study)
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Optellum – Virtual Nodule Clinic



▪ Hypothesis: DL model assessing entire 
volumetric data can predict cancer risk without
demographic or clinical data

▪ Hypothesis: future cancer risk can be predicted
without current nodule

▪ Development

❑ 3 sets – NLST, MGH, CGMH (Taiwan)

❑ CGMH – even never-smokers can screen

Mikhael PG, Wohlwend J, Yala A, Karstens L, Xiang J, Takigami AK, Bourgouin PP, Chan P, Mrah S, Amayri W, Juan YH, Yang CT, Wan YL, Lin G, Sequist LV, Fintelmann FJ, Barzilay R. Sybil: A Validated Deep Learning Model to Predict Future Lung Cancer Risk 
From a Single Low-Dose Chest Computed Tomography. J Clin Oncol. 2023 Apr 20;41(12):2191-2200. doi: 10.1200/JCO.22.01345. Epub 2023 Jan 12. PMID: 36634294; PMCID: PMC10419602.

Open-source threat (?) – Sybil – publicly available model & annotations



▪ Vectors passed through hazard layer → cumulative lung cancer risk over 6 years

▪ Sybil – ensemble of 5 algorithms trained as below (annotations guide attention)

Mikhael PG, Wohlwend J, Yala A, Karstens L, Xiang J, Takigami AK, Bourgouin PP, Chan P, Mrah S, Amayri W, Juan YH, Yang CT, Wan YL, Lin G, Sequist LV, Fintelmann FJ, Barzilay R. Sybil: A Validated Deep Learning Model to Predict Future Lung Cancer Risk 
From a Single Low-Dose Chest Computed Tomography. J Clin Oncol. 2023 Apr 20;41(12):2191-2200. doi: 10.1200/JCO.22.01345. Epub 2023 Jan 12. PMID: 36634294; PMCID: PMC10419602.

Open-source threat (?) – Sybil – publicly available model & annotations



▪ Examining Sybil's accuracy in predicting future lung cancer – NLST test set

❑ 1-year AUC of 0.92 (95% CI, 0.88 to 0.95)

❑ 2-year AUC of 0.86 (95% CI, 0.82 to 0.90)

❑ C-index over the 6 years of prediction of 0.75 (95% CI, 0.72 to 0.78). 

▪ Sybil maintained performance across sex, age, and smoking history subgroups

▪ Test sets – MGH and CGMH – comparable C-indices to NLST

❑ MGH – 0.81 (95% CI, 0.77 to 0.85)

❑ CGMH – 0.80 (95% CI, 0.75 to 0.86)

Mikhael PG, Wohlwend J, Yala A, Karstens L, Xiang J, Takigami AK, Bourgouin PP, Chan P, Mrah S, Amayri W, Juan YH, Yang CT, Wan YL, Lin G, Sequist LV, Fintelmann FJ, Barzilay R. Sybil: A Validated Deep Learning Model to Predict Future Lung Cancer Risk 
From a Single Low-Dose Chest Computed Tomography. J Clin Oncol. 2023 Apr 20;41(12):2191-2200. doi: 10.1200/JCO.22.01345. Epub 2023 Jan 12. PMID: 36634294; PMCID: PMC10419602.

Open-source threat (?) – Sybil – publicly available model & annotations



Sybil vs L-RADS – low L-RADS (1, 2) and high Sybil risk scores

▪ 69M, 99 PYH, no visible nodule

▪ L-RADS 2, Sybil risk 75th percentile

▪ New spiculated nodule 2 yr later → NSCLC

(red circle, emphasis mine)

Mikhael PG, Wohlwend J, Yala A, Karstens L, Xiang J, Takigami AK, Bourgouin PP, Chan P, Mrah S, Amayri W, Juan YH, Yang CT, Wan YL, Lin G, Sequist LV, Fintelmann FJ, Barzilay R. Sybil: A Validated Deep Learning Model to Predict Future Lung Cancer Risk 
From a Single Low-Dose Chest Computed Tomography. J Clin Oncol. 2023 Apr 20;41(12):2191-2200. doi: 10.1200/JCO.22.01345. Epub 2023 Jan 12. PMID: 36634294; PMCID: PMC10419602.

Open-source threat (?) – Sybil – publicly available model & annotations



Sybil

▪ DL algorithm predicts future cancer risk up to 6yr out

▪ Runs in background, no radiologist input

▪ No clinical context required

Mikhael PG, Wohlwend J, Yala A, Karstens L, Xiang J, Takigami AK, Bourgouin PP, Chan P, Mrah S, Amayri W, Juan YH, Yang CT, Wan YL, Lin G, Sequist LV, Fintelmann FJ, Barzilay R. Sybil: A Validated Deep Learning Model to Predict Future Lung Cancer Risk 
From a Single Low-Dose Chest Computed Tomography. J Clin Oncol. 2023 Apr 20;41(12):2191-2200. doi: 10.1200/JCO.22.01345. Epub 2023 Jan 12. PMID: 36634294; PMCID: PMC10419602.

Open-source threat (?) – Sybil – publicly available model & annotations



▪ Sybil use-cases

❑ Decrease follow up scans for low-risk nodules

❑ Prioritize scans for high-risk patients (?even in absence of nodules)

▪ Strengths

❑ Sybil generalized well in the validation cohorts (for ref., NLST cohort was 92% Caucasian)

❑ CGMH cohort included never smokers

Mikhael PG, Wohlwend J, Yala A, Karstens L, Xiang J, Takigami AK, Bourgouin PP, Chan P, Mrah S, Amayri W, Juan YH, Yang CT, Wan YL, Lin G, Sequist LV, Fintelmann FJ, Barzilay R. Sybil: A Validated Deep Learning Model to Predict Future Lung Cancer Risk 
From a Single Low-Dose Chest Computed Tomography. J Clin Oncol. 2023 Apr 20;41(12):2191-2200. doi: 10.1200/JCO.22.01345. Epub 2023 Jan 12. PMID: 36634294; PMCID: PMC10419602.

Open-source threat (?) – Sybil – publicly available model & annotations



Pulmonary AI orchestrator – Imbio

Reproduced with permission  - Chet Galek, Imbio inc.



Pulmonary AI orchestrator – Imbio

Reproduced with permission  - Chet Galek, Imbio inc.



▪ Black box

▪ Efficacy

▪ Data security

▪ Reproducibility & generalizability

▪ Bias

▪ Threats of job loss?

Limitations & concerns



▪ Nobody knows

▪ Support/supplement radiologists? Displacement?

▪ Liability for AI errors? Humans or device (manufacturer)?

Job loss?



▪ Defensive deployment

▪ “Offensive” deployment

How do I pay for AI?



Are we being hasty?



Let's not forget …

(your pulmonologist 

here)

AI

Speaks about 

screening

X

Source patients to 

screen

X

Scans reviewed X X

Score risk of nodule X X

Scopes X

Sends (to Sx, Onc etc) X

Survivorship X



▪ Lung cancer screening saves lives

▪ Lung nodule management is complex, changing rapidly, and should involve specialist decisions 
(‘abdomen guy’)

▪ AI will play some role

▪ Joint decision making with the patient

Take home message



vishisht.mehta

@

usoncology.com


	Default Section
	Slide 1: Lung Nodule Management – a Practical Guide  Dr. Vishisht Mehta MBBS, FCCP, DAABIP Las Vegas, NV, USA.  https://pulmonary.ai 
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80


