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INTRODUCTION

Paroxysmal Nocturnal Hemoglobinuria (PNH) is characterized by
intravascular hemolysis due to increased vulnerability of blood cells to
complement dysregulation. The introduction of C5 complement inhibitors has
significantly improved PNH management by reducing the occurrence of
intravascular hemolytic crises and thrombosis. However, a significant subset
of patients experiences extravascular hemolysis (EVH) as a consequence of
these treatments. The development of EVH complicates patients' treatment

trajectories by making them transfusion-dependent, decreasing quality of life,

and inducing sequelae due to long-term chronic hemolysis.

This study aims to develop a robust machine learning
model trained on diagnostic workup data of PNH patients to
predict the development of EVH. We aim to predict EVH
before it happens based on initial original data obtained at the
time of diagnosis. This predictive capability is significant
because it can inform and optimize treatment strategies,
particularly in the selection of complement inhibitor

therapies, thereby minimizing the risk of EVH.

METHODS

We analyzed medical records of 172 PNH patients (with PNH
granulocytes >0.02) from the University of Texas Southwestern and
Cleveland Clinic Foundation (2000-2022). Data included clinical, laboratory,
and next-generation sequencing (NGS) information, clinical diagnosis and
in treatment regimens. EVH was defined as DAT positivity at the time of
the testing per physician’s discretion. Following the characterization of
EVH, the index cases were further assessed to develop an algorithm to
predict the occurrence of EVH. Feature selection and feature impact scores
were achieved through a Random Forest algorithm.'? A 5-layer (32, 16, 8,
4, 2 neurons, input through output) multilayer perception algorithm is
trained and cross validated with Leave-one-out (LOOQO) statistical
method!314. This approach maximizes data usage and offers an unbiased

estimate of the model's performance on small datasets.

RESULTS

Overall, a cohort of 172 individuals diagnosed with PNH was examined,
with almost equal female-to-male ratio and a median age of 38 years. The
median follow-up was 67 months (IQR 29-132). Among these cases, 78 were
identified as primary PNH (pPNH), and 94 had a history of antecedent
aplastic anemia, classified as secondary PNH.

Results showed significant differences in clinical markers such as
hemoglobin levels, LDH levels, and reticulocyte counts between EVH-
positive and EVH-negative patients. The machine learning model provides
clinicians with a predictive tool to assess the risk of EVH at the time of
diagnosis, aiding in the selection of appropriate complement inhibitor
therapy.

The incorporation of our machine learning algorithm represents a
significant leap forward in identifying the risk of EVH in PNH patients at the
time of diagnosis based on the easily accessible clinical variables that can be
obtained at the time of the delineation for treatment options. By utilizing
this algorithm, clinicians may receive predictive guidance in selecting the

most likely effective upfront complement inhibitor.

CONCLUSIONS

Our machine learning algorithm serves as a proof of concept,
demonstrating the potential to predict the development of extravascular
hemolysis (EVH) in paroxysmal nocturnal hemoglobinuria (PNH) patients. While
not yet ready for clinical practice, this preliminary model paves the way for
future enhancements through additional data and application to larger cohorts.
By predicting EVH early on, clinicians can potentially begin with a more

appropriate complement inhibitor therapy, optimizing patient outcomes.

In conclusion, the dynamic nature of PNH and the ongoing evaluation of
various complement cascade modifier treatments underscore the critical need to
provide clinicians with personalized decision-making tools, such as our advanced
machine learning algorithms, to effectively evaluate the risk of EVH, potentially

informing treatment strategies.
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A machine learning approach to predict extravascular hemolysis in paroxysmal nocturnal hemoglobinuria. Pearson
Correlation Coefficients, Feature Impact Scores (FIS) for Variables in the Extravascular Hemolysis Prediction Machine Learning

history Model are presented in panel A and B. (C) Confusion matrix to evaluate the performance of the classification model. (D) ROC-
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AUC Curve for the machine learning model predicting the development of EVH with an AUC score of 0.80.
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