








The performance evaluation was conducted using
datasets subsampled to 1M read pairs per sample,
providing approximately 6,400x raw coverage. The
trade-off between these two workflows is visualized
in Figure 2.
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Figure 2. Analytical performance of VARAN Sensitive
workflows. The scatter plot illustrates the relationship
between the Minimal VAF required to reach 100%
sensitivity and the resulting False Positive Rate (FPR) per
kilobase of the target panel. Data points represent the
Balanced workflow and the Sensitive workflow based on
1M read pairs of sequencing data.

Balanced workflow is balanced to provide high
sensitivity with low FP background and is
recommended for most cases. It provides resolution
of 0.45% VAF while maintaining an exceptionally low
false positive rate (less than 1 FP per kbp).

Sensitive workflow is optimized for ultra-low
frequency detection in MRD monitoring. It achieves
resolution of 0.05% VAF. This increased sensitivity
comes at the cost of an elevated FPR (approximately
34 FP per kbp), which is acceptable in clinical

contexts where missing a residual malignant clone is
more critical than the manual review of potential
artifacts.

Sequencing depth and analytical sensitivity trade-off

To determine the optimal sequencing coverage for
MRD monitoring, we performed a subsampling
analysis ranging from 10K to 50M read pairs per
sample. The results demonstrate that analytical
sensitivity is strictly dependent on sequencing depth
up to a specific inflection point, after which additional
sequencing provides diminishing returns.

As visualized in Figure 3, sensitivity improves rapidly
as sequencing depth increases from 10K to 500K
read pairs. However, a distinct plateau is reached
between 500K and 1M read pairs. Increasing
sequencing depth beyond 1M read pairs results in a
significant increase in the PCR duplicate rate, which
reaches 96.56% at 50M read pairs (Table 2). This
"over-sequencing" does not translate into higher clean
sequencing coverage because the library becomes
limited by the number of original genomic equivalents
captured during the hybridization-based enrichment.
While these duplicates are useful for UMI-based error
correction, they do not provide new information to
increase the resolution beyond the 0.05% VAF
threshold.

For both workflows we therefore recommend 1M read
pairs per sample as an optimal sequencing output
which corresponds to ~ 6 400x raw coverage.
Sufficient sensitivity is provided at 0.45% VAF for
Balanced workflow, and at 0.05% VAF for Sensitive
workflow. For Balanced workflow, user can consider
to lower sequencing output up to 500K read pairs
expecting the considerably similar detection limit.

Figure 3. Minimal VAF with 100% sensitivity across different sequencing depths. The plot demonstrates the
saturation of sensitivity for both workflows at approximately 500K-1M read pairs. The shaded grey area

highlights the recommended optimal sequencing range.



Table 2. Theoretical vs. achieved VAF detection limits by sequencing depth.

Sequencing Raw PCR Clean Theoretical VAF Ac‘l,lf;;ed Ac\l;i:l\;ed
depth sequencing duplicates sequencing limit with 95% (Sensitive (Balanced
[read pairs] coverage [%] coverage sensitivity*
wf) wf)
50M 320,031 96,56% 11,003 0,03% 0,05% 0,35%
10M 64,064 85,30% 9,401 0,03% 0,05% 0,35%
SM 32,032 75,16% 7,946 0,04% 0,05% 0,35%
1M 6,406 40,97% 3,779 0,08% 0,05% 0,45%
500K 3,203 26,70% 2,347 0,13% 0,45% 0,50%
100K 640 7,17% 594 0,50% 5,87% 5,87%
50K 320 3,69% 308 0,97% 5,87% 6,16%
10K 64 0,61% 64 4,70% 13,54% 27,88%

* Assuming that a single read is sufficient for variant detection and sequencing coverage is uniform. Poisson
distribution was used to estimate 95% probability of obtaining at least one variant read from a given sequencing

coverage.

Conclusion

The combination of pCaler™ enrichment and VARAN
analysis provides a robust framework for AML MRD
monitoring. For optimal performance, we recommend
a sequencing depth of 1M read pairs per sample,
which provides the best balance of sensitivity and
cost-efficiency. While 500K read pairs may suffice for
the Balanced workflow (detecting ~0.5% VAF), the
Sensitive workflow requires 1M read pairs to reach its
maximum resolution of 0.05% VAF. It is important to
note that the Sensitive workflow nearly touches the
absolute technical limits of current
hybridization-based NGS methodology; further
increases in resolution are practically limited by the
stochastic noise of the library preparation process
itself.
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