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Extended Data Fig. 6 | Impact of thymic health on long-term risk of disease- 
specific mortality and clinically relevant cardiovascular disease. Percentage 
of individuals who died from a, any malignancy, b, adjusted for sex, age, and 
smoking status. Percentage of individuals who died from c, pulmonary disease, 
d, endocrine, metabolic, or nutritional disease; or e, digestive disease. Adjusted 
analyses of c,d,e, see Fig. 4g. Follow-up for all analyses was 12 years. The insets 
in the inverted Kaplan-Meier plots show the same data on an expanded y-axis.  
a–e, Cox proportional hazards regression was used to estimate HRs. In the 
forest plot, the center of each box represents the estimated hazard ratio, and 

the whiskers denote the corresponding 95% CI; arrowheads indicate  
that the 95% CI extends beyond the visualized limits; shaded box size is  
for visualization only and does not encode statistical weight. The overall 
contribution of thymic health to uni- or multivariable models was evaluated 
using likelihood ratio tests (χ² tests) comparing full models with nested models 
excluding thymic health (type III test, two-sided) with no adjustments for 
multiple comparisons. CI Confidence Interval, FHS Framingham Heart Study, 
HR Hazard Ratio, NLST National Lung Screening Trial.



Extended Data Fig. 7 | Stability assessment through test-retest and input 
variability analysis. a, Test-retest stability of the two prediction models  
(QC model and 0 vs 1 grading) is analyzed first through intraclass correlation 
coefficient for continuous measures (n = 31), followed by Cohen’s kappa for 
grade stability. b, Test-retest predictions (n = 31) for both models are displayed 
as a scatter plot to show their linearity. c, Sampling distribution for generating 
input perturbations for the 50 perturbation trials, where for each scan (patient), 
the seed point is perturbed with a drawn sample. Although a 2D distribution is 

shown, the perturbations are performed in 3 dimensions. Stability to input 
variation/perturbation is shown through the concordance between predicted 
scores across different trials for the d, FHS (n = 2,581), and e, NLST (n = 2,500) 
cohorts. The box plots show the median (center line), interquartile range (25th–
75th percentiles; box), and whiskers extending to the minimum and maximum 
values within 1.5 x the interquartile range. ICC Intraclass Correlation Coefficient, 
FHS Framingham Heart Study, NLST National Lung Screening Trial, QC Quality 
Control.
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Extended Data Fig. 8 | Explainability: Saliency Maps. Representative CT scans 
from the FHS cohort overlaid with the generated occlusion-driven saliency 
maps using the most important feature, highlighting the regions of the thymus 

that the model focuses on when making its predictions. The saliency maps are 
displayed on the central slice of the thymus, and the jet color scale is used to 
indicate contribution intensity.



Extended Data Table 1 | Study population clinical and epidemiological characteristics

∗ Race data is not available for participants of the Framingham Heart Study (FHS). The FHS is a longitudinal community-based prospective cohort study. It started enrolling the original participants 
in 1948 and has since been followed by consecutive enrollments of the Offspring cohort (children of the original participants and their spouses) in the 1970s and the Third-Generation (Gen 3) 
cohort (children of the Offspring participants) from 2002-2005. All original participants are of White/European ancestry. Few exceptions might be spouses or adoptees. The degree of missing 
data for Race and Smoking status is the difference between the summed values and the total number of participants in each cohort. The degree of missingness of BMI was n = 4 for FHS and 
n = 83 for NLST. Percentages refer to the data after the exclusion of missing values. BMI Body mass index, FHS Framingham Heart Study, NLST National Lung Screening Trial.
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