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• This study successfully developed a joint PopPK model for 

MPA and MPAG, characterizing complex enterohepatic 

recirculation (EHR) and high variability in an advanced 

osteosarcoma population. 

• This model provides a robust framework for model-informed 

precision dosing to optimize MMF strategies, safely balancing 

efficacy within its narrow therapeutic window. Ultimately, 

these findings lay the groundwork for future evaluations of 

patient covariates, pharmacogenetic variability, and 

exposure-efficacy or exposure-safety relationships.

Healthy 
Volunteers

Osteosarcoma Patients

TotalVisit 1 
(Week 0)

Visit 2
(Week 2)

Participants, n 16 15 31

Observations, n 208 166 165 539

Male, n (%) 10 (62.5) 8 (53.3) 18 (58.1)

Female, n (%) 6 (37.5) 7 (46.7) 13 (41.9)

Age, yrs., 
mean (range)

28.9 
(25.0-32.0)

33.3
(15.0-73.0)

31.0
(15.0-73.0)

Body weight, kg, 
mean (range)

59.2
(43.0-83.0)

53.9 
(33.2-84.4)

56.61
(33.2-84.4)

Table 1. Participants characteristics.
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 Osteosarcoma: Most common primary bone malignancy in youth, with poor 

outcomes in advanced or metastatic stages. [1–3].

 Anticancer Activity: MPA inhibits tumor growth and metastasis in preclinical 

osteosarcoma models [4]. 

 MMF Metabolism: 

 The Recent Finding: A Phase II trial yielded negative results, likely due to 

insufficient drug exposure [5]. 

 Objective: Develop a joint population pharmacokinetic (PopPK) analysis of MPA 

and MPAG in advanced osteosarcoma to support model-informed dose 

optimization.

Mycophenolate Mofetil (MMF) Mycophenolic acid (MPA), 
Active Metabolite

MPA-glucuronide (MPAG)

Rapid conversion 
UDP-glucuronosyltransferases

β-glucuronidases
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Fig 1. Study population, MMF administration, and pharmacokinetic sampling design.
Data were pooled from a Phase II ESMMO trial and a separate healthy volunteer pharmacokinetic study. Population pharmacokinetic analysis included 
16 healthy volunteers and 15 osteosarcoma patients receiving MMF. Intensive plasma sampling of MPA and metabolites was performed in both 
cohorts. Nonlinear mixed-effects modeling was conducted using NONMEM® with FOCEI with Laplacian estimation. MPA and MPAG concentrations 
below the limit of quantification were handled using the M3 method.

Schematic Representation of the Model

Key PopPK Parameters

Typical values (%CV, inter-individual variability)

MPA (Parent)

• MTT: 0.469 h (49.6%)

• CL: 19.2 L/h/70 kg (31.5%)

• Vc: 28.8 L/70 kg (54.5%)

• Q: 14.3 L/h/70 kg (56.6%)

• Vp: 315 L/70 kg (139.5%)

• Relative bioavailability (F) Fixed at 1 (24.7%)

MPAG (Metabolite)

• CL: 2.08 L/h/70 kg (46.1%)

• Vc: 7.58 L/70 kg (19.3%)

• Q: 1.74 L/h/70 kg (56.1%)

• Vp: 5.08 L/70 kg (82.2%)

Enterohepatic Recirculation (EHR)

•  fEHC:0.154 (80.0%)

• Gallbladder emptying onset: 8.33 h post dose

• Emptying window duration: 3.82 h

• Emptying transfer rate constant to gut 4.56 h-1

Residual Unexplained Variability (RUV)

• MPA Proportional RUV: 49.7%

• MPA Additive RUV: 1.79 µmol/L 

• MPAG Proportional RUV: 20.4%

• MPAG Additive RUV: 2.24 µmol/L

Visual predictive checks (VPCs) for MPA and MPAG

CONCLUSION

Healthy Volunteers Osteosarcoma patients visit 1 Osteosarcoma patients visit 2

Healthy Volunteers Osteosarcoma patients visit 1 Osteosarcoma patients visit 2

REFERENCES

Absorption process
 Parent (MPA)
 Metabolite (MPAG)
 Enterohepatic recirculation Typical parameter estimates with 95% CI uncertainty

MTT = mean transit time; V = volume of distribution; CL = apparent oral clearance;
Q = apparent intercompartmental clearance; Vp = volume of distribution (peripheral); 
fEHC = fraction escaping hepatic extraction; fm = fraction metabolized to MPAG
Allometric Scaling: Exponent of 0.75 for CL and Q; exponent of 1.0 for V.

MODEL FEATURES
• Transit absorption (n = 5)
• 2 Compartments Parent–metabolite models
• Enterohepatic recirculation

Mycophenolate Mofetil

Transit compartments (n=5)

Gut

MTT = 0.47 h (95%CI 0.39-0.55)

Central MPA
Vc = 28.8 L/70 kg
(95%CI 23.8-33.7)

Peripheral MPA
Vp = 315 L/70kg
(95%CI 267-433)

Q/Vc MPA

Q/Vp MPA
Gallbladder (Time-Switched Refill)

Refill onset = 8.33 h post dose
(95% CI 8.03-9.29)

Refill Duration = 3.82 h
(95% CI 3.22-4.39)

Elimination

Emptying transfer rate constant to gut = 4.56 h-1

(95%CI 3.63-5.51) 

CL MPA = 19.2 L/h/70 kg 
(95%CI 16.4-22.1) 

Q MPA = 14.3 L/h/70 kg 
(95%CI 11.39-16.96)

CL/Vc MPA x 0.87 fix (fm)

Central MPAG
Vc = 7.58 L/70 kg
(95%CI 6.46-9.03)

Peripheral MPAG
Vp = 5.08 L/70kg
(95%CI 4.04-6.47)

Q/Vc MPAG

Q/Vp MPAG

CL/Vc MPAG
CL MPAG = 2.08 L/h/70 kg 

(95%CI 1.76-2.44) 
Q MPAG = 1.74 L/h/70 kg 

(95%CI 1.36-2.09)

CL/Vc MPAG x fEHC

fEHC = 0.15 (95%CI 0.12 – 0.18)
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