
 

         

R. CHENNURI¹, H. KOMMU², H. ALAMY³, F. KHALID⁴, L. MANZOOR⁵, P. DAVALA¹, I. KHAN⁶, S. MARYAM⁷, S. BHAVANAM⁸, A. DAS⁹
¹ New York Medical College/Saint Mary's General Hospital and Saint Clare's Hospital, Denville, NJ, USA
² Jawaharlal Institute of Postgraduate Medical Education & Research (JIPMER), Puducherry, India
³ Desert Regional Medical Center, Palm Springs, CA, USA
⁴ Sheikh Zayed Medical College, Rahim Yar Khan, Pakistan
⁵ Dow University of Health Sciences, Karachi, Pakistan
⁶ Ziauddin Medical College, Karachi, Pakistan
⁷ Shifa International Hospitals, Islamabad, Pakistan

USA
⁹ Mayo Clinic, Rochester, MN, USA

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 

from effective sample size (ESS) collapse when applied to small 

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 
architecture 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 ind
0.401 and 643 events among 1,060 total patients. T
significant hazard ratio suggests comparable surviva
outcomes after covariate adjustment.

RESULTS:
WGAN-GP methodology addresses ESS collapse limitations in 
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refractory multiple myeloma (RRMM), but

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.

 

 

 

Results

Conclusion
This indirect comparison suggests that grade ≥3
gastrointestinal and hepatic toxicities may be
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represent a novel therapeutic class for relapsed/

Meta-regression *P*=0.257,Risk difference: −1.6%

4 PI trials (TOURMALINE-MM1, ENDEAVOR,
APEX, VMP; N=1414 total) met inclusion \ criteria.
2) One iberdomide study in smoldering myeloma

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.

High PI class heterogeneity(*I²*=66.7%, *P*=0.029)

1) Three CELMoD studies (N=312 total)  and

Meta-regression *P*=0.672, Risk difference: −0.3%
No heterogeneity detected (*I²*=0.0%)
5)Data limitations: Grade 3+ diarrhea counts
required estimation for CELMoD trials; PI data
were directly extracted from safety tables.

4)Grade ≥3 hepatotoxicity: 1.3% (95% CI, 0.5–3.5)

 was excluded due to population mismatch.

 for CELMoDs vs 1.7% (95% CI, 1.1–2.5) for PIs.

Cereblon E3 ligase modulators (CELMoDs)

comparative gastrointestinal and hepatic safety
data vs next-generation proteasome inhibitors
(PIs) remain limited.

CELMoD: cereblon E3 ligase modulator; CI: confidence interval; MM: multiple myeloma;
PI: proteasome inhibitor; RR: relapsed/refractory; VMP: bortezomib, melphalan, and prednisone

Methods

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.

We systematically identified phase 1/2 CELMoD

proportion analysis to indirectly compare grade
≥3 gastrointestinal and hepatotoxicity profiles.

We conducted a systematic review with pooled
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