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Part 3 Comparison of Parameter Estimates Obtained from Sequential 
and Simultaneous Modelling Approaches with Preferred Model 
in MONOLIX using the MVC Monotherapy Data

PK

• Food effects on Ka and F1 were modelled using a linear function with fasted status as 
the reference group

Table 3 Comparison of PK Parameter Estimates Obtained From Sequential 
and Simultaneous PKPD Modelling Approaches in MONOLIX

• PK parameter and IIV estimates were similar between sequential and simultaneous 
PKPD model approaches, with or without food effect on KA

PD and VD

Table 4 Comparison of PD and VD Parameter Estimates Obtained From 
Sequential and Simultaneous PKPD Modelling Approaches in MONOLIX

• RMIC was the parameter of interest due to RR0 and IC50 being highly correlated

• RMIC and other VD parameter and IIV estimates were comparable across different 
modelling approaches for the given PD model

• For simultaneous PKPD-VD modelling approach, no computation time gained by     
fixing PK parameters (run time 13 to 15 hours)

Maraviroc (MVC), a selective antagonist of the human chemokine CCR5 
receptor, has been approved for use in treatment-experienced human 
immunodeficiency virus type-1 (HIV-1) infected subjects with exclusively 
CCR5-tropic virus.

A 4-differential equation viral dynamics (VD) model was used to describe the 
kinetics and interaction of target cells, actively infected cells, latently infected 
cells and viruses in HIV-1 infected asymptomatic patients.[1]

NONMEM has been previously used for fitting PKPD-VD model to the MVC 
monotherapy data.[2] Not only are computation times very long but there are 
often convergence problems resulting from numerical difficulties in optimizing 
the linearized likelihood.  Moreover, only a few of the parameters can be 
estimated and it is not feasible to perform simultaneous PKPD-VD modelling.

MONOLIX implements a stochastic approximation of the standard expectation 
maximization (SAEM) algorithm for nonlinear mixed effects models without 
approximations.  The SAEM algorithm replaces the usual estimation step of 
EM by a stochastic procedure which has been shown to be very efficient with 
improved convergence toward the maximum likelihood estimates.[3]
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OBJECTIVES
• To compare population PKPD-VD modelling of monotherapy MVC data 

using MONOLIX with NONMEM
• To assess MONOLIX functionality for complex mechanistic models

DATA
• Plasma MVC concentrations (1250 samples) and viral loads (1169 

observations) arising from 63 asymptomatic HIV-1 patients were available
Figure 1 Maraviroc Monotherapy Studies Mean Viral Loads by Treatment

PKPD-VD Model
PK

• Two compartment disposition model, parameterized as clearances and volumes, 
with first-order absorption, food effects on KA and F1 (bioavailability) and an 
additive residual error model was fitted to log-transformed MVC concentrations

PD-VD

Figure 2 Viral Dynamics Model with Inhibitory Emax Model for Drug Effects

• Delay in onset and offset of viral response modelled with a lag time (LagE) 
and/or an effect compartment model (Ke0)

• An additive residual error model was used for the log10 transformed viral loads

Software
• NONMEM version VI level 1.2 with the NM-TRAN subroutines (TRANS4) version 

IV level 1.1, and PREDPP model library (ADVAN4) version V level 1.0 and GNU 
Fortran (GCC) 3.4.6 20060404 (Red Hat 3.4.6-8)

Estimation method: FOCE with INTERACTION

• MONOLIX version 2.4 (implemented in MATLAB R2007b)

Diagnostic package: conditional means and standard errors, log likelihood 
profile (LLP), visual predictive checks (VPC) and normalized prediction 
distribution errors (NPDE)

Analysis Plan
Part 1: Assessing Model Viability in NONMEM and MONOLIX with Simulated Data

• Simulate MVC concentrations and viral loads in NONMEM using a model 
determined from previous PKPD-VD analysis

• Fit the simulated MVC concentrations and viral loads separately in 
NONMEM and MONOLIX using a sequential PKPD approach

• Viral inhibition is driven by the predicted PK profile based on the Empirical 
Bayes Estimates (EBE) obtained from separate PK analysis 

Part 2: Determination of Preferred Model in MONOLIX with Simulated Data (Given 
the MVC Monotherapy Study Design)

• Fit the simulated viral load data with different PD models

• Select the preferred model based on SE, correlation of estimates, AIC, BIC 
and log-likelihood (by Monte-Carlo Importance Sampling)

Part 3: Comparison of Parameter Estimates Obtained from Sequential and 
Simultaneous Modelling Approaches with Preferred Model in MONOLIX 
using the MVC Monotherapy Data

Figure 3 Schematic Analysis Plan

Simulation model = PKPD-VD with LagE and Ke0, 
IIV on IC50 and VD parameters (RR0, b and d2)

Part 1 Assessing Model Viability in NONMEM and MONOLIX 
with Simulated Data

Table 1 Summary of Termination Messages Based on 10 Simulated Data 
Sets 

• Computation time

NONMEM: 2.5 to 25 hours without diagnostics

MONOLIX: 4.5 to 5.5 hours including diagnostics using default settings 
(number of simulation samples: VPC=100, NPDE=500, LLP=10000)

Part 2 Determination of Preferred Model in MONOLIX with 
Simulated Data 

Table 2 Selection of Preferred Model Given the Maraviroc Monotherapy
StudyDesign

• In general, it was difficult to determine both Ke0 and LagE

• Inclusion of IIV on LagE increased:

-2 x log-likelihood: 4 - 34 units

AIC: 6 - 36 units

BIC: 8 - 38 units

• Estimates of RR0 and IC50 varied from one model to another depending on the 
choice of PD model

• Preferred model (PKPD-VD with LagE) was taken forward for part 3 analysis

MVC 
monotherapy
data (n=63)

Simulated 
data sets 

(n=10)

How many successful runs?
Are parameter estimates

reasonable?

Simulation model with
sequential approach

How different are the 
parameters estimated using 

different modelling approaches?

Preferred PKPD-VD model with 
different modelling approaches:
- sequential PKPD or 2 stage
- simultaneous PKPD with fixed PK
- simultaneous PKPD

Simulation
model with IIV
& residual error

MVC 
study design

Analysis performed in:
NONMEM ALONE
NONMEM and MONOLIX
MONOLIX ALONE

What is the preferred PD 
model given the MVC 

study design?

Sequential approach for
PKPD-VD model with/without:
- lag time for viral onset (LagE)
- effect compartment (Ke0)
- IIV on LagE or Ke0Simulated 

data sets 
(n=5)

1 out of 10 runs
IC50=418 [true=8.66] ng/mL
RR0=38.4 [true=5.94]

10--MONOLIX

1 out of 2 runs
Ke0=378 [true=2.86] 1/d

235NONMEM

Minimization 
Successful

Rounding 
Errors

Numerical 
Difficulties

Number of runs with 
unreasonable parameter 
estimates

Number of runs terminated with

• Disadvantages of NONMEM

Difficulties in performing PKPD-VD parameter estimations

Long computation time with no guarantee of successful minimization

• Advantages of MONOLIX

SAEM algorithm allows estimation of PKPD-VD parameters using either 
sequential or simultaneous modelling approach

Computation time was relatively short (including diagnostics for model 
assessment)

• Given the MVC study design:

It is difficult to separate PD lag due to drug effects from system delay

• Parameter estimates were similar with sequential and simultaneous PKPD 
approaches, with/without fixing PK parameters

• MONOLIX is a useful tool for complex mechanistic models
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Figure 4 Basic Goodness of Fit for the Final PKPD-VD Model Using a 
Simultaneous PKPD Modelling Approach. Top Panel for 
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