New England Computational Biology - October 1-2, 2026 - Cambridge, MA NECB 2026

A038 - Joint Calibration of Multiple Evidence
Sources Improves Clinical Variant Classifica-
tion over Independent Calibration

Presenter: Ross Stewart — Northeastern University

Authors: Ross Stewart, Shantanu Jain, Shawn Fayer, Abbye McEwen, Pankhuri
Gupta, Daniel Holmes, Jessica Simon, Jeremy Stone, Sriram Pendyala, A. Felicia
Adebanjo, Allyssa Vandi, Raining Wang, Melinda Wheelock, Jordan Opsahl,
Madeline Walsh, Aman Shihora, Dustin Maly, Lea M. Starita, Douglas Fowler,
Predrag Radivojac

Session: Day 2 - Fri Oct 2, 2026 - 1:15-2:15 PM

High-throughput assays measure variant effects on gene function and are inte-
gral to precision medicine. We previously introduced ExCALIBR, an approach to
calibrate single functional assays into variant-specific pathogenicity probabili-
ties compatible with ACMG/AMP evidence guidelines. In practice, however, a
gene is often characterized by several complementary assays capturing different
aspects of function. Calibrating and combining these separately is problematic,
as each yields its own evidence and prior, assays are correlated rather than
independent, and evidence cannot simply be added or multiplied without
violating probability assumptions. Combining these evidence sources requires
ad hoc rules (e.g., trusting the strongest signal) that break down when assays
disagree. Here we extend ExCALIBR to ExCALIBR-MYV, a framework that models
multiple assays jointly as a single multidimensional distribution with one shared
prior to compute variant-specific probabilities of pathogenicity. We applied
ExCALIBR-MYV to 40 clinically relevant genes, where concordance with clinical
controls (MCC, Matthews correlation coefficient: 0.78 to 0.93) was improved
over independent calibration and combination (Figure 1A). This framework nat-
urally extends to computational predictors: jointly calibrating three predictors
(REVEL, AlphaMissense, MutPred2) across eight genes improved classification
over combining individually calibrated scores (MCC: 0.85 to 0.93; Figure 1B).
Because functional and computational evidence are often correlated, we jointly
calibrated both evidence types across these same genes, resulting in improved
evidence assignment (MCC: 0.88 to 0.95; Figure 1C). These findings support joint
calibration of multiple evidence sources as a path toward more reliable clinical
variant classification.
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High-throughput assays measure variant effects on gene function and are integral to precision medicine. We previously
introduced EXCALIBR [1], an approach to calibrate single functional assays into variant-specific pathogenicity probabilities
compatible with ACMG/AMP evidence guidelines [2, 3]. In practice, however, a gene is often characterized by several
complementary assays capturing different aspects of function. Calibrating and combining these separately is problematic,
as each yields its own evidence and prior, assays are correlated rather than independent, and evidence cannot simply be
added or multiplied without violating probability assumptions. Combining these evidence sources requires ad hoc rules (e.g.,
trusting the strongest signal) that break down when assays disagree [4]. Here we extend EXCALIBR to ExXCALIBR-MYV, a
framework that models multiple assays jointly as a single multidimensional distribution with one shared prior to compute
variant-specific probabilities of pathogenicity. We applied EXCALIBR-MYV to 40 clinically relevant genes, where concordance
with clinical controls (MCC, Matthews correlation coefficient: 0.78 to 0.93) was improved over combined, independently
calibrated evidence (Figure 1A). This framework naturally extends to computational predictors: jointly calibrating three
predictors (REVEL, AlphaMissense, MutPred2) across eight genes improved classification over combining individually
calibrated predictors (MCC: 0.85 to 0.93; Figure 1B). Because functional and computational evidence are often correlated, we
jointly calibrated both evidence types across these same genes, resulting in improved evidence assignment (MCC: 0.88 to
0.95; Figure 1C). These findings support joint calibration of multiple evidence sources as a path toward more reliable clinical
variant classification.

(A) . e sest () . " © . .
Functional e ‘Computational predictors Combined evidence
- .
100 2 @ 100 ) 100 -
Py s
2 !
ect w 1act )
o s @@ o P g v
095 D 095 )
canons e’ )
Hmes Gusuz
o o (7 o
£ous 2 ¢ 9 SR ¢ D
= Rerd) = 085 E 085
H o 2
3 3 =1
< . < <

075

10 070 5 100 070 5 100

02 04 06 08 075 0.9 % 09
EXCALIBR (UV, non-conflicting) MCC EXCALIBR (UV, non-conflicting) MCC EXCALIBR (UV, non-conflicting) MCC

Figure 1: Comparison of ExXCALIBR-MV evidence versus EXCALIBR aggregated single-source evidence, for (A) functional

assays, (B) variant effect predictors, and (C) combined functional and predictive evidence. The dashed lines denote equal
performance.
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