Use of Intermediate-Resolution Deceased Donor Molecular
Typing in Organ Allocation Systems Could Increase the
Fraction of HLA-Compatible Donor Offers

Tulane
University

Tulane Cancer Center

MD Shakhaowat Hossain', Alyssa Playnter!, Christopher Frangus?, MarthaDeConinck?, Bryan Ray*> Loren Gragert’
1.Division of Biomedical Informatics and Genomics, Deming Department of Medicine, Tulane University School of Medicine, New Orleans, LA, United

States.

2. Werfen, Norcross, GA, United States.

SCHOOL OF MEDICINE

|ntroduct|0n . Resu |ts: Comparison of Mean TRS by Locus Across Four Imputation Categories
1.0 —— =3
. . . . . . . . /
The use of sequence-specific oligonucleotide (SSO) methods for HLA typing in deceased Cag?i':rt_'%"oz;%t aBr:g AP\';edl:,‘l’é'l‘E’_" 0P58$6abll3l;:1y AI?VISt(r:IiI:Utll??lgglt()rDl?sLtAE)Aoliggus 0.9 —
donors leads to low-resolution phenotype reporting, creating a burden of information loss S ’ g S ’ gty S
for kidney allocation systems and outcome registries. Here, we aimed to measure the 00 Mean predicted probability for quantile o 081
potential utility of capturing intermediate-resolution HLA genotypelists instead of T aen Ca"t')ration ' | .
antigen-level typing for determining organ offers in allocation systems. Our specific goals 101 & True Fraction vs Probability Average for Quantile JE
include: o E
o
o Create HLA ambiguous genotype list strings from sampled true genotypes simulating §°-5'
SSO typing and antigen level typing. ‘g 0.8 I = .
| //'
o Impute High-resolution 9-locus HLA genotypes from the simulated ambiguous typings. S 0.3,
1) 7
c .
o Measure imputation performance using a calibration curve in a simulated framework 2 0.6 0.2:
where the genotypes are directly sampled from reference population data. %
@ 4 0.1
| & R
o Calculate Typing Resolution Score (TRS) to measure the uncertainty in the imputed E—
. (@] ,// 0.01
typing. S 04 . . . . . . .
= ¥ £ 2 » 2 v v 3
o Determine the benefits of electronic reporting of SSO typing. 3 N & & & QQ" & S 2
— 7 \%
L R >
o Evaluate the potential to avoid unnecessary offers of incompatible donors and increase 0.2 HLA Locus
typing resolution for accurate assessment of molecular mismatch and minimize < Antigen AlleleFregimpute = Antigen HaploFreqimpute = SSO AlleleFregimpute = SSO HaploFreqimpute
information loss in outcomes registries. /
Figure 2: Comparison of mean Typing Resolution Score across
0.0 = . . . -
Quendle | Probivg | Trefracon | Minfrop | MexPron |Standerd e different imputation categories
™ Q2 0.9995 0.9875 0.9886 1.0 0.0001
MethOdS . Q3 1.0 0.9812 1.0 1.0 0.0

data.

e FOr High-resolution HLA Imputation and uncertainty measurement, we first simulated
ambiguous HLA typing by sampling 9-locus two field HLA genotypes data across 6 US race/
ethnic groups (h=800/pop) from OPTN CPRA dataset.

o We imputed ambiguous typing using population haplotype frequency and allele frequency

e We assessed our imputation model performance with Python Scikit based Validation
Framework developed by our lab.

e We measured the level of confidence in resolving ambiguities in the imputed typing by
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Scikit validation framework

Figure 1: Calibration of SSO_HaploFreqimpute data using Python

e High Accuracy: Incorrect high-resolution genotype predictions were < 2% for all loci,

except the lowest-confidence decile.

o Well-Calibrated: HLA-A locus predictions had a Brier score of 0.0496 and MSE of 0.0016,

despite ROC AUC limitations due to class imbalance.

e High Accuracy in SSO Imputation: SSO HaploFregimpute and SSO AlleleFregimpute

methods consistently achieved high mean TRS (>0.9) across all HLA loci.

e (P120) Profiling performance of high-resolution HLA imputation with complementary metrics
and visualizations using an open-source validation framework”

estimating Typing Resolution Score (TRS).

o Higher uncertainty: Antigen HaploFreglmpute showed high mean TRS (>0.7) across most
\ loci, while Antigen AlleleFreglmpute exhibited greater variability. /

o Details: https://github.com/Igragert/imputation-validation/

Schematic Diagram of Simulation, Imputation, and TRS
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N= 800/population; 9-locus, 6 race/ethnic categories

( SSO Typing )

( Antigen-level Typing )

Expand two-field allele to all possible full-field

Compress true genotypes to antigen level by mapping

type list strings, as presented by Milius et al. (2013).
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o High-resolution imputation predictions exhibited strong calibration, with low Brier scores

and MSE values, confirming the reliability of the imputation method.

o SSO-based imputation approaches showed superior performance in resolving HLA

typing ambiguities.

o 1nhe US allocation system should implement electronic capture of ambiguous molecular
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