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Networks (WGAN-GP) for Menin Inhibitors in Genetically Defined Acute Myeloid Leukemia

Single-arm trials of menin inhibitors in KMT2A-rearranged and 
NPM1-mutated acute myeloid leukemia (AML) face critical 

o generate synthetic digital twin 
control arms conditioned on menin inhibitor trial demographics, 
enabling robust comparative survival analysis.

INTRODUCTIO
We constructed a historical cohort (N=800) from FLAG-IDA plus 
venetoclax salvage data and simulated a menin inhibitor trial cohort 

0) reflecting AUGMENT-101 and KOMET trial characteristics. The 
rchitecture comprised a Generator (noise vector plus 
variables → 128-node → 256-node → 128-node layers → 

atient profiles) and a Critic evaluating Wasserstein distance 
nt penalty (λ=10). The network trained for 800 epochs with 5 

ps per generator step, generating 1,000 synthetic control 
patients conditioned on menin trial age, blast percentage, white blood 
cell count, ECOG status, prior therapy lines, and cytogenetic risk. 
Covariate balance was assessed via Kolmogorov-Smirnov statistics. 
Multivariable Cox proportional hazards regression compared overall 
survival (OS) between menin and synthetic cohorts.

METHOD
The WGAN-GP converged with final Wasserstein di
of -0.3632. Kolmogorov-Smirnov statistics demonstr
substantial distributional shifts: age D=0.833, blast 
percentage D=0.821, white blood cell count D=0.89
Median OS was 4.4 months (historical), 5.4 months 
(menin), and 9.1 months (synthetic). Cox regression
yielded HR=1.355 (95% CI: 0.715–2.568, p=0.3512
menin versus synthetic arms, with concordance inde
0.401 and 643 events among 1,060 total patients. T
significant hazard ratio suggests comparable surviva
outcomes after covariate adjustment.
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trials (mezigdomide, iberdomide) and phase 3 PI
trials (ixazomib, carfilzomib, bortezomib) in
RRMM populations. We systematically searched
PubMed, Medline, Embase, and the Cochrane
Library from inception to April 2026 to identify
relevant studies. Published safety data were
extracted from peer-reviewed sources. Single-
proportion meta- analysis with logit-transformed
DerSimonian- Laird random-effects models was
performed separately for each drug class.
Between-class comparison was conducted via
meta-regression. This represents an indirect
comparison in the absence of head-to-head
randomized trials.

infrequent with both CELMoDs and next-
generation PIs in patients with heavily pretreated
RRMM, with numerical trends that do not reach
statistical significance favoring CELMoDs.
Substantial heterogeneity within the PI
class reflects known mechanistic differences
across agents. Data quality limitations and the
indirect nature of this comparison preclude
definitive conclusions. Direct head-to-head
randomized trials are needed to establish
comparative safety profiles and inform treatment
selection in RRMM.

 

 

Conclusion

2) One iberdomide study in smoldering myeloma
 was excluded due to population mismatch.
3) Grade ≥3 diarrhea: 3.8% (95% CI, 1.9 –7.3)
for CELMoDs vs 5.3% (95% CI, 3.6 –7.8) for PIs.
Meta-regression *P*=0.257
Risk difference: −1.6 percentage points
Substantial heterogeneity within the PI class
(*I²*=66.7%, *P*=0.029)
4)Grade ≥3 hepatotoxicity: 1.3% (95% CI, 0.5–3.5)
 for CELMoDs vs 1.7% (95% CI, 1.1–2.5) for PIs.
Meta-regression *P*=0.672
Risk difference: −0.3 percentage points
No heterogeneity detected (*I²*=0.0%)

This indirect comparison suggests that grade ≥3
gastrointestinal and hepatic toxicities may be

Aim

Methods
We systematically identified phase 1/2 CELMoD

We conducted a systematic review with pooled
proportion analysis to indirectly compare grade
≥3 gastrointestinal and hepatotoxicity profiles.

1)MACE: Overall ferritin–outcome association
was highly significant (χ²(3)=106.00, P<0.001).
2)Nonlinearity: Not significant (χ²(2)=2.74,
P=0.254), indicating an approximately linear
log-HR relationship.
3) MACE HRs vs lowest observed ferritin:
275 ng/mL: HR=1.07 (95% CI, 1.03–1.10)
500 ng/mL: HR=1.18 (95% CI, 1.09–1.27)
1000 ng/mL: HR=1.42 (95% CI, 1.25–1.62)
2000 ng/mL: HR=1.81 (95% CI, 1.54–2.12)
3000 ng/mL: HR=2.26 (95% CI, 1.91–2.67)
4)LT: Association was similarly significant.
(χ²(3)=55.26, P<0.001).
5)Nonlinearity: Not significant (χ²(2)=0.18,P=0.913).
6)LT HRs vs lowest observed ferritin:
275 ng/mL: HR=1.06 (95% CI, 1.00–1.12),
500 ng/mL: HR=1.14 (95% CI, 1.02–1.27)
1000 ng/mL: HR=1.33 (95% CI, 1.14–1.56)
2000 ng/mL: HR=1.75 (95% CI, 1.40–2.19)
3000 ng/mL: HR=2.25 (95% CI, 1.59–3.18)
7)Between-study heterogeneity: Not estimable for
either outcome (Cochran Q<df; τ²=0), likely due to
only 4 datasets/outcome.
Results therefore reflect fixed-effects pooling.
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Introduction

Current guidelines recommend iron chelation
therapy in MDS at serum ferritin ≥1000 ng/mL;
however, emerging evidence suggests iron-
driven genotoxicity may begin at lower
thresholds. The continuous dose-response
relationship between serum ferritin and MACE
or LT has not been formally quantified. This
analysis serves as a methodological
proof-of-concept to demonstrate the RCS
dose-response meta-analysis framework.
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Serum Ferritin as a Continuous Risk Factor for Major Adverse Cardiovascular Events and Leukemic Transformation in
Myelodysplastic Neoplasms: A Restricted Cubic Spline DoseResponse Meta-Analysis and a Methodological
 Proof-of-Concept Study

Methods

We applied RCS dose-response meta-analysis
to 12 MDS cohort-level data sets (six for MACE,
six for LT), using four knots placed at the 5th,
35th, 65th, and 95th percentiles of the ferritin
distribution. Within-study covariance was
estimated using an approximation of the
Greenland-Longnecker method. Pooling used
multivariate Der Simonian Laird random-effects
models. Nonlinearity was formally tested via
the Wald χ² test on the nonlinear spline
coefficients.

Conclusion
RCS dose-response meta-analysis demonstrated
a monotone, approximately linear ferritin–outcome
association across the full ferritin range. Both MACE
and LT risk increased progressively with ferritin,
with significant elevations below the 1,000 ng/mL
chelation threshold. Validation requires primary
studies with multi-category ferritin data, and findings
should not alter clinical guidelines. Future prospective
cohorts should report ferritin continuously to enable
fully powered dose-response meta-analyses.

Results
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