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Acute myeloid leukemia (AML) is an aggressive cancer characterized by many mutational and cytogenic subtypes with varied
risk strata. The CBFB-MYH11 fusion is a subtype associated with favorable disease outcomes in pediatric patients despite
a relapse rate of over 30%. While overall survival remains relatively high, above 65%, more work can be done to improve
outcomes. Considering the frequent rate of relapse, identifying a genetic signature that can predict relapse at diagnosis is
vital to outcome improvement. Through k-means clustering, differential expression analyses, and recursive feature elimination,
we were able to identify twenty genes that were strongly associated with relapse risk in the CBFB-MYH11 fusion at the time
of diagnosis.

All analysis was performed in R, version 4.3.0, including all listed packages. Ribodepeleted RNA sequencing data was gen-
erated on 3023 patients and included a total of 119 diagnostic CBFB-MYH11; 64 were considered non-relapse and 55 were
considered relapse. A Poly(A)-seq validation cohort was generated on 495 patients included 60 diagnostic CBFB-MYH11. Of
these patients, 42 were considered non-relapse and 18 were considered relapse.

Unsupervised clustering was performed using a k-means algorithm in the ComplexHeatmap package which resulted in three
"clusters" of 48, 54, and 17 samples with distinct variation in z-scores when the most-variable 500 genes were plotted. These
clusters were labeled 1, 2, and 3 respectively.

Survival analysis was then performed using Kaplan-Meier method and curves were stratified by cluster. Clusters 1 and 2 had
nearly identical event-free survival rates near 60%, yet cluster 3 had an event-free survival rate of less than 12% (p<0.001).
Clusters also differentiated in overall survival, with cluster 3's survival rate near 50% compared to 80% and 95% in cluster 1
and 2 respectively (p<0.001).

To identify the underpinnings of aggressive relapse in CBFB-MYH11, differential expression analysis was performed using
DESeq?2, contrasting cluster 3 against the other clusters. yielding a list of 6,204 differentially expressed genes (p-adjusted
cutoff of 0.05, using a Benjamini-Hochberg procedure to reduce false discovery rate).

The list of differentially expressed genes were input into a feature elimination machine learning model using the RandomFor-
est package. This model identified 20 genes that were most predictive of relapse risk with diminishing returns when the num-
ber of genes was increased. The list of 20 genes in order of predictive influence includes: CBWD3, DRAP1, GNL3LP1, MAFT1,
GRAMD1C, MAGED2, TICAM1, MPP1, NBPF11, RAB13, RN7SL329P, HAL, TLK2P2, CD151, XRCC6, HISTTH2AM, MSANTD3-
TMEFF1, CDCA4, LRRCB8A, and IPCEF1.

CBWD3 was the most predictive gene and is under-expressed in relapsing patients in CBFB-MYH11. When survival analysis
was performed on CBWD3, above-median expressors had an event-free survival probability of near 75% and below-median
expressors had an event-free survival probability of just 30% with a combined p-value of less than 0.0001.

To validate our findings, we used a separate CBFB-MYH11-positive cohort that had been sequenced using Poly(A)-seq, which
is sequenced at a lower depth than ribodepeleted RNA-seq data. We saw similar event-free survival estimates in both cohorts
for some genes-including CBWD3 and GNL3LP1.

The 20 genes of interest were then input into a Random Forest model, using 70% of the CBFB-MYH11 cohort as a training
subset. When the training model was optimized, relapse was correctly predicted in 32 of 39 samples (82%) and non-relapse
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was correctly predicted in 40 of 45 samples (89%). Future analyses will aim to test the efficacy of the model on the testing
subset and the Poly(A) cohort for validation. A LASSO-Cox regression will also be used to calculate variable coefficients for
risk determination in a clinical setting.

While the fusion group CBFB-MYH11 is associated with improved survival outcomes in pediatric AML, relapse rate remains
high. Through k-means clustering, differential expression analysis, and recursive feature elimination, we've identified a subset
of genes that have predictive power in determining relapse risk. As our machine learning model approaches improve, a robust
relapse signature may be identified and used to improve patient outcomes.
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A. Heatmap showing the 500 most-variable genes and subsequent k-means clustering of CBFB-MYH11 patients divided into columns. B. Kaplan-Meier event-free survival
curves for CBFB-MYH11 palients by k-means cluster including relapse risk for strongly associating genes CBWD3 and GNL3LP1
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