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BACKGROUND OBJECTIVES

Population pharmacokinetic (PopPK) modeling is central to model-informed drug development This project aimed to reproduce a complete PopPK analysis of a monoclonal
(MIDD), supporting decision-making throughout clinical development and regulatory evaluation antibody, initially performed using NONMEM 7.5.1, within the Pumas 2.8.0
[1]. framework, by:

NONMEM has long been the reference platform for nonlinear mixed-effects modeling (NLME) and

remains widely used across academia and industry. ¢ Reproducing the full model development and qualification workflow

Recent advances in scientific computing have introduced Pumas, a modern pharmacometric ¢ Evaluating cross-platform consistency of parameter estimation and predictive
platform built within the Julia ecosystem, improving efficiency, transparency, and reproducibility performance

[2,3]. Regulatory agencies increasingly emphasize these same principles for pharmacometric ¢ Establishing a reproducible approach for translating NONMEM models into
analyses [4,5]. Pumas

METHODS

DATA Pooled pharmacokinetic data from 5 clinical studies: 3 Phase | studies and 2 Phase Il studies. Administered intravenously (V) or subcutaneously (SC).

REFERENCE MODEL PUMAS IMPLEMENTATION
NONMEM 7.5.1 PUMAS V 2.8.0
Dose SC Covariate model
Dose IV . wr CL, Vc, Q, Vp
Bioavailability (F1) (allometric scaling)
] e BMI -3 Vc, Vp . .
| e RACE —_ Ve * Fullmodel implemented in
I « ADAMAX —3 CL Pumas, estimation performed
v using FOCEI
Q e SEX+RACE =) F1
Depot Central Peripheral * lterative translation from
First order absorption [ compartment compartment Inter-Individual variability (11V) NONMEM ensuring structural
v |<_ o Modeled exponentially, with and statistical consistency
Ka ¢ Vp correlated variability between CL and
Ve implemented through a
CL multivariate normal distribution
.. . Residual variability
Elimination e Combined proportional and additive
Linear error model

RESULTS

PARAMETER ESTIMATION LIKELIHOOD METRICS PERFORMANCE METRICS
Objective function calculation differed between platforms Runtime comparison was evaluated using 8 CPUs
Parameters estimated in Pumas were In NONMEM, the OFV includes a constant term, introduced Pumas required a restart to achieve convergence, leading to
consistent with NONMEM with relative in version 7.4.0 longer estimation time:
differences of < 0.1% ¢ Initial optimization: 65 iterations
Pumas retains the constant in the full log-likelihood: * After arestart cycle (reset_optim) : convergence achieved

ofv(model_fit) = (-2 * loglikelihood(model_fit)) - (nobs(model_fit) * log(2m)) |n§add|t|onal Iterations . . .
NONMEM Pumas Ealiiabes Covariance step was faster in Pumas, using the sandwich

estimator approach

parameters parameters Delta(%)
Typical structural parameters Likelihood parameters Run time (s)
THETA1L el 1.098E-05 NONMEM Pumas . . NONMEM Pumas
THETA2 6 8.590E-06 -2 Log-Likelihood - -19,663.1984 Estimation 65.27 98.55
ve ’ OFV (without 2m constant) 30794.97155 30794.97153 Covariance 100.72 82.06
THETA3 8q 2.376E-05 Number of iterations 56 70 Post-processing * 2.92 3.45
THETA4 Bvp 6.274E-06 Total 168.91 180.06
THETAS {WKA] BkEl 8.407E-05 *Postjprocessing i.ncludes computation of model fit statistics (LL, -2LL, AIC, BIC) and shrinkage metrics
THETA6 (TVF1)  Bbio 8.765E-06 (rehrinkage, eshrinkage)
THETA7 [ALLOCL) Ballo_cl 2.540E-04 CONCORDANCE METRICS
THETAS (ALLOV2) Ballo_v 1.343€-04 To assess the accuracy of model implementation in Pumas, population Relative differences between NONMEM and
THETA9 (COV1)  Bvc_bmi_lin -1.849E-04 predictions (PRED) and individual predictions (IPRED) were compared Pumas predictions were calculated to assess
THETA10 (COV2) ©vc_race2_mul 1.682E-05 between Pumas and NONMEM across all subjects and timepoints using linear numerical accuracy
THETA11 (COV3) ©bio_sex 3,201E-05 regression analysis and Pearson correlation as concordance metrics. g
THETA12 (COV4) Bbio race3 mul  7.119E-06 §§
THETA13 (COVS) Bcl_adamax 2.176E-05 .
THETA14 (COV6) 6vp bmi pow -2.616E-04 @é A
" P . T 1,000 E="") Mean = -0.0017%
Inter-individual variability o0 S5 oo Median =-0.0016%
['4 o 8D =0.0040%
ETACL / ETACL M 1.496E-05 z Range = [0.0161%.00097%]
ETAVC/ETACL (2 2379E05 § = g & '  Count
ETAVC / ETAVC Q2,2 8.709E-05 E E P
ETAF1/ ETAF1 w? bioav 2.361E-04 2 ., E -
o 500 Q
ETAVP /ETAVP  w® vp 2.987E-04 = g@
o ,
ETAKA / ETAKA w? ka 9.356E-05 §§ o
250 Slope = 1.0000 Slope = 1.0000 [
Residual variability Intercept = -0.0024 Intercept = -0.0003 L oo Mean = 0.0001%
r = 1.0000 r=1.0000 * E Median = 0.0001%
EPS1 cz_prop 4.527E-05 R =1.0000 R? = 1.0000 [ 4] . SD = 0.0016%
i 0 Z o ange = [-0.0079%, 0.0060%)
EPS2 oz_add 3.467E-04 o 250 500 750 1,000 1250 ) 500 1,000 E o 1,600 2,000 3000 1,000
PRED NONMEM IPRED NONMEM g Count
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