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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Multi-label analysis of Prima. a, We performed a multi-
label classification analysis across all 52 diagnoses. The Prima logit-label matrix 
above shows the AUC value for each logit-label binary comparison. The diagnoses 
were ordered using consensus clustering for easier visualization [69]. The lower 
left-hand matrix is the correlation matrix of the ground truth labels with the 
same ordering. Prima learned the label co-occurrence relationships, such as 
ventriculomegaly often co-occurs with ventricular catheters or brain tumors 
co-occur with mass effect. It also correctly captures the semantic similarity 
of diagnoses within differential diagnoses. We observe higher AUC values for 
related structural pediatric diagnoses, brain tumor diagnoses, and brain injury/
trauma. These findings demonstrate that Prima has correctly modeled the 

multi-label classification problem while learning the semantic relationships 
between related diagnoses. b, Multi-label LIME analysis shows that Prima 
attends to different pathologic regions of the same MRI sequence depending 
on the diagnostic prediction. High LIME scores are assigned to tokens within 
the posterior fossa when the LIME scores are computed for ’medulloblastoma’ 
prediction. Conversely, high LIME scores are assigned to the enlarged ventricles 
when the LIME scores are computed for ’ventriculomegaly’ prediction. We see 
similar patterns investigating the relationship between ’brain contusion’ and 
’midline shift’ labels, and ’brain metastasis’ and ’vasogenic edema’ labels. Prima 
demonstrates trusthworthy multi-label classification.
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Extended Data Fig. 10 | Intersectional and equalized odds fairness analysis. 
a, Intersectional fairness analysis of sex, race, and geographic region on our 
prospective testing cohort that includes a diverse patient population. Radar 
plot shows each intersectional group and mean AUC values for each group. 
Prima shows minimal variance in diagnostic performance across intersectional 
groups. b, Intersectional equalized odds analysis demonstrate minimal 
disparity in TPR or FPR across intersectional groups. TPR and FPR disparity was 
less than 0.1 threshold we used for clinical significance. c, Equalized odds by 
diagnostic subgroup are shown, including brain tumors, strokes, and pediatric 

diagnoses. Similar to the demographic features shown in Fig. 4, there is minimal 
disparity between diagnostic subgroups. Prima displays algorithmic fairness 
on intersectional and equalized odds analysis of our diverse prospective 
testing cohort. The error bands in the AUC plots are standard deviations across 
individual tasks within each diagnostic subgroup (n=13 tasks for tumors, n=6 
tasks for strokes, and n = 3 tasks for pediatrics). Box plots show the median 
(center line), interquartile range (box: 25th-75th percentile), and whiskers 
extending to the minimum and maximum values, plotted over 20 bootstrapped 
iterations of 200 samples from each subgroup.

http://www.nature.com/natbiomedeng













