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   High-Risk Pulmonary Nodule CohortScreen-Detected Nodule Cohort

Methods:
  

•Pulmonary nodules (PNs) are identified on ~30% of the ~20 million chest CTs performed 
annually in the US, representing a key opportunity to intercept lung cancer early. Most PNs 
are not malignant, so risk stratification is critical.

 
•Sybil is an open-source deep learning model that accurately stratifies lung cancer risk 
using non-contrast chest CT images. It was trained on scans from the National Lung 
Screening Trial (NLST), some of which contained nodules and some of which did not. Sybil 
does not require visible nodules to make its predictions. It provides scan-level risk 
estimates, not nodule-level risk estimates. NB: Model training included attention directing 
to malignant lesions (Mikhael et al., JCO 2023).

 
•Questions remain regarding Sybil’s performance in scans containing nodules of different 
types, with prior studies showing mixed results in different nodule cohorts.

• We retrospectively assessed Sybil’s performance in predicting lung cancer, with primary analyses 
  focused on the 2-year horizon as a measure of Sybil’s utility in short-term clinical decision-making. 

High-Risk Pulmonary Nodule Cohort
Non-contrast chest CT scans from a referral-based clinic for

high-risk screen-detected or incidental PNs

Screen-Detected Nodule Cohort

Sybil's automated risk scores increased with Lung-RADS category, demonstrating a modest 
correlation (controls: ρ = 0.203 [95% CI 0.167, 0.240]; cases: ρ = 0.442 [95% CI 0.342, 0.535]) with 
a validated radiologist-assigned risk category despite requiring no radiology assessment. This 
suggests Sybil and Lung-RADS capture partially overlapping risk information. 

Within the screening cohort, 2-year discrimination declined as the analyzed Lung-RADS range 
narrowed, consistent with a spectrum effect. When restricted to Lung-RADS 4, Sybil retained 
moderate risk stratification (AUC 0.723).

Sybil’s discrimination was strong in a screening cohort containing a wide range of 
nodules (Lung-RADS 2-4).

Sybil year 2 score distributions 
for all scans (LR≥2)

Conclusions and Future Directions

 Time-dependent ROC curves for the 
screening LDCTs with LR≥2

Sybil retained discrimination in a more homogeneous population of high-risk PNs, but performance 
was attenuated compared to the Lung-RADS 2-4 cohort, likely due in part to a spectrum effect. 
Discrimination was modestly better in incidental than in screen-detected PNs. 

Discrimination and absolute Sybil scores were comparable across tobacco use histories and PN 
morphologies, despite having been trained on scans belonging to individuals with significant 
tobacco use (NLST).

•Sybil’s discrimination of cancer risk was strong in a cohort containing a wide range of PNs (Lung-RADS 2-4) and remained good--albeit attenuated--in a population restricted to only high-
  of high risk PNs referred to multi-disciplinary specialty clinic. 

•Sybil’s discrimination was modestly higher for incidental versus screen-detected nodules and broadly comparable across smoking histories and nodule morphologies.
•Sybil provides scan-level risk estimates, notnodule-level risk estimates. Future work of the Sybil Implementation Consortium will explore the value of adding a nodule-specific risk score.

Sybil discrimination by Lung-RADS spectrum

Background:

All scans First scan per patient with LR≥2
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Sybil year 2 score distributions by Lung-RADS (all scans)

All pairwise ΔAUC 95% CIs include 0
Sybil year 2 AUC by smoking status

*ΔAUC = 0.07 [95% CI 0.01–0.14]

All pairwise ΔAUC 95% CIs include 0
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No lung cancer within 
2 years of scan
n = 2646 scans

Lung cancer within 
2 years of scan
n = 217 scans1-year AUC = 0.898 [0.861, 0.930]

2-year AUC = 0.855 [0.814, 0.892]
3-year AUC = 0.822 [0.780, 0.861]
4-year AUC = 0.800 [0.754, 0.842]

1-year AUC = 0.851 [0.811, 0.887]
2-year AUC = 0.809 [0.770, 0.848]
3-year AUC = 0.787 [0.744, 0.834]
4-year AUC = 0.771 [0.724, 0.818]

Lung cancer
within 2 years
of scan
No lung cancer
within 2 years
of scan

41 scans
2092 scans

356 scans
23 scans

153 scans

198 scans
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Lung-RADS category
LR 3 LR 4 LR 2-4
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Analyzed Lung-RADS range
LR 3-4 LR 4

No lung cancer within 
2 years of scan
n = 1031 scans

Lung cancer within 
2 years of scan
n = 386 scans1-year AUC = 0.713 [0.681, 0.745]

2-year AUC = 0.705 [0.673, 0.736]
3-year AUC = 0.698 [0.667, 0.730]
4-year AUC = 0.707 [0.675, 0.739]
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139 cases
358 controls

246 cases
639 controls

60 cases
283 controls

199 cases
475 controls

127 cases
273 controls

59 cases
181 controls

123 cases
171 controls

90 cases
263 controls

Lung cancer
within 2 years
of scan
No lung cancer
within 2 years
of scan

90 scans263 scans171 scans181 scans

123 scans
59 scans
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No lung cancer
within 2 years
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127 scans
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60 scans 475 scans283 scans 273 scans

Time-dependent ROC for the 
high-risk PN cohort

Sybil year 2 score distributions
for the high-risk PN cohort

Sybil year 2 AUC:
screen-detected vs incidental

Sybil year 2 score by smoking status

Sybil year 2 score by morphology Sybil year 2 AUC by morphology
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•Sybil performance decreased as the analyzed nodule risk range narrowed, consistent with a spectrum effect and suggesting that Sybil and Lung-RADS capture partially overlapping risk 
  information. This may partly explain the lower AUC observed in the referral-based high-risk PN cohort; spectrum restriction may also influence performance when Sybil is applied solely to 
  a sub-cohort of scans from a larger population chosen for lack of visible nodules (Lee et al., Radiology 2025). 

0.66
0.74

• Patient demographics and lung cancer diagnoses were abstracted from the electronic health record.
• At each time horizon, cases were diagnosed by time t; controls were known cancer-free through t; 
  observations with insufficient follow-up were considered unevaluable at that horizon.

LDCTs from a US-based lung cancer screening program that 
had a Lung-RADS score of ≥2 (i.e., containing ≥1 nodule)  


