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The Digital Twin Synthesis: Generating Synthetic Control Arms via Wasserstein Generative Adversarial 
Networks (WGAN-GP) for Menin Inhibitors in Genetically Defined Acute Myeloid Leukemia

WGAN-GP methodology addresses ESS collapse limitations in 
small single-arm menin inhibitor trials by generating 
demographically conditioned synthetic controls. Despite 
substantial baseline covariate imbalances reflected in KS 
statistics, the adjusted survival comparison demonstrated no 
statistically significant difference between menin inhibitors and 
intensive salvage in genetically defined AML populations. This 
digital twin approach warrants validation in prospective 
comparative effectiveness studies and regulatory decision-
making contexts for targeted therapies in molecularly stratified 
hematologic malignancies.
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RESULTS

INTRODUCTION

Traditional dichotomous sarcopenia cutoffs
inadequately capture the continuous
relationship between body composition
and treatment-related mortality in acute
myeloid leukemia (AML). We hypothesized
that restricted cubic spline (RCS) modeling
of artificial intelligence (AI)-derived skeletal
muscle index (SMI) and visceral fat area
(VFA) would identify critical inflection points,
“frailty cliffs,” where mortality risk accelerates
exponentially, enabling precision risk
stratification for induction chemotherapy
decisions.
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We systematically searched PubMed, MEDLINE,
EMBASE, and the Cochrane Library from inception
to 2026 to identify relevant studies and conducted
a dose-response meta-analysis of 12 cohorts
(Japan, Brazil, Austria, UK, Italy, Korea, France, USA)
published in 2020–2024, encompassing 2,489 AML
patients undergoing induction therapy. AI-assisted
CT segmentation quantified SMI (cm²/m²) and VFA
(cm²) at diagnosis. RCS models with Harrell knots
(10th/50th/90th percentiles: SMI 34.8/37.9/
41.1 cm²/m²; VFA 88.7/126.0/158.3 cm²) were fitted
using generalized least-squares weighting with
bootstrap 95% confidence intervals (2,000
iterations). Pooled hazard ratios (HR) employed
DerSimonian-Laird random-effects models.
Heterogeneity was assessed via Cochran's Q
and I², publication bias via Egger's regression

METHODS
1)Pooled HR: Low vs reference SMI: 2.05
(95% CI, 1.83–2.29).
2)Heterogeneity: Low (I²=10.6%, τ²=0.0041,
Q=12.30, df=11).
3)Publication bias: Egger’s test not
significant (intercept=4.01, p=0.896).
4)Frailty Cliff: SMI=28.9 cm²/m²; below this
threshold, mortality HR increased to 5.20.
5)Adiposity Cliff: VFA=169 cm², associated
with HR 3.25.
6)Obesity paradox: VFA <105 cm² showed
a protective association.
7)Combined effects: Dual-axis heatmap
showed synergistic risk amplification when
both SMI and VFA thresholds were breached.

RESULTS CONCLUSION
The Frailty Cliff at SMI=28.9 cm²/m²
represents a biologically-grounded,
continuous threshold for treatment
intensification in AML, superseding
arbitrary dichotomous classifications.
AI-derived body composition metrics
enable precision frailty assessment,
potentially guiding personalized
induction regimens and improving
therapeutic index in vulnerable
populations. Prospective validation
in randomized trials is warranted.
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