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ABSTRACT
Furmonertinib demonstrated potent efficacy as a newly developed tyrosine kinase inhibitor for the treatment of patients with 
epidermal growth factor receptor (EGFR) mutation-positive non-small cell lung cancer. In vitro research showed that fur-
monertinib is metabolized to its active metabolite AST5902 via the cytochrome P450 (CYP) enzyme CYP3A4. Furmonertinib 
is a strong CYP3A4 inducer, while the metabolite is a weaker CYP3A4 inducer. In clinical studies, nonlinear pharmacoki-
netics were observed during chronic dosing. The apparent clearance showed time- and dose-dependent increases. In this 
evaluation, a combination of in  vitro data using radiolabeled compounds, clinical pharmacokinetic data, and drug–drug 
interaction (DDI) data of furmonertinib in oncology patients and/or in healthy subjects was used to develop a physiologically 
based pharmacokinetic (PBPK) model. The model was built in PK-Sim Version 11 using a total of 44 concentration-time 
profiles of furmonertinib and its metabolite AST5902. Suitability of the predictive model performance was demonstrated 
by both goodness-of-fit plots and statistical evaluation. The model predicted the observed monotherapy concentration pro-
files of furmonertinib well, with 32/32 predicted AUClast (area under the curve until the last concentration measurement) 
values and 32/32 maximum plasma concentration (Cmax) ratios being within twofold of the respective observed values. In 
addition, 8/8 predicted DDI AUClast and Cmax ratios with furmonertinib as a victim of CYP3A4 inhibition or induction were 
within twofold of their respective observed values. Potential applications of the final model include the prediction of DDIs 
for chronic administration of CYP3A4 perpetrators along with furmonertinib, considering auto-induction of furmonertinib 
and its metabolite AST5902.

1   |   Introduction

The identification of targetable gene alterations has trans-
formed the management of lung cancer by incorporating tumor 
genotyping to allow for individualized therapy. In the case of 

non-small cell lung cancer (NSCLC), mutations of the epider-
mal growth factor receptor (EGFR) can be cancer-driver genes, 
prompting the development of tyrosine kinase inhibitors (TKIs) 
against such oncogenic mutations [1, 2]. However, further mu-
tations can develop providing drug resistance, among which a 
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threonine-to-methionine substitution on codon 790 (T790M) is 
the most common case [3]. Furmonertinib is a selective EGFR 
TKI for treating patients with EGFR mutation-positive NSCLC. 
In 2021, furmonertinib was first approved in China for the treat-
ment of patients with confirmed EGFR T790M mutation [4]. In 
both dose escalation and dose expansion studies, furmonerti-
nib was well tolerated and no dose-limiting toxicity was found, 
demonstrating an acceptable toxicity profile with positive clini-
cal efficacy [5].

Upon oral administration, furmonertinib is rapidly absorbed, 
with the time to maximum concentration (tmax) of total radioac-
tivity reached after 0.5 h [6]. In vitro, furmonertinib was found 
to be mainly metabolized via cytochrome P450 (CYP) 3A4 to 
its main active metabolite AST5902. Moreover, furmonertinib 
showed an auto-induction effect on CYP3A4 similar to that of 
the strong inducer rifampicin (concentration for half-maximal 
induction (EC50) 0.25 μM, maximum induction effect (Emax) as 

fold-induction up to 11.4), while for AST5902 only a much weaker 
induction ability was identified [7]. Regarding furmonertinib's 
pharmacokinetics (PK) in clinical trials, non-linear elimination 
was observed following multiple dose (MD) administration, dis-
playing a time- and dose-dependent increase in apparent clear-
ance, which is probably attributable to its auto-induction [7, 8].

Furthermore, furmonertinib's PK was demonstrated to dif-
fer between healthy subjects and patients. Following a single 
dose (SD) of 80 mg furmonertinib, healthy subjects exhibited 
a mean maximum plasma concentration (Cmax) of 29.6 ng/mL 
and a mean area under the curve determined between time 
zero to time infinity (AUC0−∞) of 907 h*ng/mL, while for oncol-
ogy patients mean Cmax and AUC0−∞ values of 45.3 ng/mL and 
1120 h*ng/mL, respectively, were observed [5, 9].

Furmonertinib is susceptible to drug–drug interactions 
(DDIs) when co-administered with CYP3A4 perpetrators. 
The AUC0−∞ of a SD administration of furmonertinib was in-
creased by 141% when co-administered with the strong inhib-
itor itraconazole and decreased by 86% when co-administered 
with rifampicin as an inducer [9, 10]. Due to furmonertinib 
auto-induction of CYP3A4, the effect of perpetrators on the ex-
posure of furmonertinib following MD administration might 
differ. Imatinib, for example, which also causes a clear change 
in CYP3A4 activity upon chronic administration (in this case, 
autoinhibition), has a decreased contribution of CYP3A4 to its 
metabolism during steady state compared to single dose ad-
ministration [11]. However, DDI studies investigating the in-
fluence of CYP3A4 perpetrators on chronically administered 
furmonertinib are currently not available. To ensure safety and 
efficacy of furmonertinib therapy, its PK as well as the effect of 
CYP3A4 perpetrators on furmonertinib exposure following SD 
versus MD administration should be assessed in detail.

Here, physiologically based pharmacokinetic (PBPK) modeling 
provides a suitable framework as it allows the mechanistic de-
scription and prediction of furmonertinib's absorption, distri-
bution, metabolism, and excretion (ADME) processes with and 
without co-medication. Moreover, the PBPK modeling approach 
enables a comprehensive investigation of the auto-induction ef-
fect of furmonertinib in terms of mechanism and impact on its 
PK. Physicochemical parameters as well as furmonertinib PK 
parameters obtained from in  vitro experiments are important 
input parameters for PBPK model development but, in the case 
of furmonertinib, were only sparsely available prior to this work.

Thus, the aims of this study were (1) to provide data for a PBPK 
model by conducting in vitro experiments on ADME properties 
of furmonertinib and its metabolite AST5902; (2) to develop a 
human whole-body parent-metabolite PBPK model for fur-
monertinib and AST5902, incorporating parameters from the 
conducted in  vitro experiments and in  vivo pharmacokinetic 
profiles of SD and MD administrations in patients and healthy 
subjects; (3) to predict and investigate the effects of the CYP3A4 
probe perpetrators itraconazole and rifampicin on SD versus 
MD furmonertinib administration. To promote widespread ac-
cess and encourage further research, the finalized model files 
will be made available to the public at http://​models.​clini​calph​
armacy.​me/​.

Summary

•	 What is the current knowledge on the topic?
○	 Based on preclinical and clinical studies, fur-

monertinib is metabolized via cytochrome P450 
(CYP) 3A4, among others, to its active metabolite 
AST5902. Additionally, furmonertinib was identi-
fied as a strong inducer of CYP3A4 in vitro. Hence, 
CYP3A4 modulators can potentially alter furmon-
ertinib's metabolism while furmonertinib itself can 
cause changes in the exposure of other CYP3A4 sub-
strates. However, furmonertinib pharmacokinetic 
data is limited.

•	 What question did this study address?
○	 This study addressed building a human physiolog-

ically based pharmacokinetic (PBPK) model of fur-
monertinib in PK-Sim with newly generated in vitro 
data using radiolabeled compound. The model is ca-
pable of evaluating the likely impact of chronic dos-
ing of CYP3A34 modulators on furmonertinib and 
AST5902 exposure at steady state.

•	 What does this study add to our knowledge?
○	 This study highlights the utility of PBPK modeling 

and simulation to assess the clinical drug–drug 
interaction (DDI) risk of furmonertinib. Our work 
established that furmonertinib is metabolized by 
multiple CYP isozymes, among which CYP2C9 and 
CYP3A4 are the most responsible for furmonerti-
nib depletion, and CYP3A4 and CYP2C8 are most 
responsible for the metabolite formation. Overall, 
through modeling and simulation, the impact of 
chronic dosing of CYP3A4 perpetrators on exposure 
of furmonertinib at steady state was similar to clini-
cal DDI study results when furmonertinib was only 
given as a single dose.

•	 How might this change drug discovery, development, 
and/or therapeutics?
○	 This PBPK model can be utilized to simulate expo-

sure in scenarios where clinical data may be lacking, 
including DDIs and special populations.

 21638306, 2025, 7, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1002/psp4.70052 by Saarländische U

niversitäts- U
nd L

andesbibliothek Sulb, W
iley O

nline L
ibrary on [12/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://models.clinicalpharmacy.me/
http://models.clinicalpharmacy.me/


1275

2   |   Materials and Methods

2.1   |   In Vitro Studies and Input Data

2.1.1   |   Plasma and Microsomal Protein Binding Ratios 
With Radioactive Compounds

Fraction unbound ( fu) in human plasma was investigated 
with [14C] labeled furmonertinib drug with rapid equilibrium 
dialysis (RED) equipment purchased from Thermo Scientific 
(Waltham, MA, USA). The hot stock solution was prepared 
in dimethyl sulfoxide (DMSO) at 10 mg/mL and then diluted 
into a 1 mg/mL working solution using methanol. Afterward, 
the working solution was diluted to 0.2 and 0.1 mg/mL using 
methanol:DMSO (9:1). Three different final concentrations of 
[14C] furmonertinib in plasma were tested: 0.1, 0.2, and 1 μg/
mL. The volume of the sample chamber was 200 μL plasma 
containing furmonertinib, and the buffer chamber was 400 μL 
phosphate-buffered saline (PBS). The plate was incubated at 
37°C for 4 h with three replicates for each concentration. Then 
the samples from both chambers were pipetted to Deepwell 
LumaPlate 96-well plates (Perkin Elmer, MA, USA) and the 
radioactive concentrations of both sides were measured with a 
Hidex Sense Beta microplate reader (Hidex, Turku, Finland). 
The fu in human microsomes was measured in a similar way: 
The incubation concentration of human microsomes was 
0.1 mg/mL, and the drug concentrations were the same as in 
plasma. The fu in both matrices was calculated as follows: % 
free = (concentration in buffer chamber/concentration in ma-
trices chamber) × 100%.

2.1.2   |   Caco-2 Permeability- Calculating Papp Value

The absorption of orally administrated furmonertinib was 
predicted with permeability coefficients across monolayers of 
the human colon carcinoma cell line Caco-2 [12]. Caco-2 cells 
were transferred to each well of 24-well transport plates and 
incubated at 37°C/5% CO2 for 21 days. Final concentrations of 
15 and 45 μM of furmonertinib were tested on the donor and 
receiver sides, respectively. Samples were withdrawn from the 
donor side at 5 min for recovery calculations. After 95 min, 
samples from both basolateral sides and apical sides of the fil-
ter were withdrawn. The radioactive concentrations on each 
side were measured with a liquid scintillation counter (Tri-
Carb 3110TR, PerkinElmer, Waltham, MA, USA). The appar-
ent permeability coefficient (Papp) was calculated as follows: 
Papp = (VR/(Area×Time)) × ([drug]receiver at 95 min/[drug]donor at 
5 min), where VR is the volume in the receiver wells, area is the 
surface area of the membrane, and time is the total transport 
time in seconds.

2.1.3   |   Phenotyping Furmonertinib and AST5902 
Depletion/Formation Using Recombinant P450 
Enzyme Studies

All incubations were prepared in a 37°C water bath in tripli-
cates. Eight recombinant CYP enzymes were assessed, and 
reaction rates were measured. The depletion of 1 μM furmoner-
tinib and AST5902 by CYP1A2, CYP2B6, CYP2C8, CYP2C9, 

CYP2C19, CYP2D6, CYP3A4, and CYP3A5 was investigated 
with the addition of 1 mM β-NADPH to initiate the reaction 
in a 75-min incubation. All enzymes in the incubations had 
the same final concentrations of 25 pmol/mL. The samples 
were collected at different time points, and the reactions were 
terminated with acetonitrile containing an internal standard 
(furmonertinib-d3). Subsequently, the mixture was shaken for 
10 min to allow precipitation before being centrifuged. The con-
centrations of furmonertinib and AST5902 were quantified with 
the LC–MS/MS method as previously described [13]. Standard 
curves were prepared separately with each experiment for abso-
lute quantification.

2.1.4   |   Michaelis–Menten Kinetic Profiling Using 
Human Liver Microsomes

The enzyme kinetics of AST5902 formation was determined by 
incubating furmonertinib with different initial concentrations. 
The linearity of the reaction was first tested with three different 
concentrations (final concentrations of 0.1, 0.2, and 0.5 mg/mL) 
of human liver microsomes (HLMs, purchased from Corning, 
Corning, NY, USA). Samples were collected at 0, 5, 15, 30, 45, 
and 60 min. A concentration of 0.1 mg/mL HLM was used for 
subsequent Michaelis–Menten kinetic experiments. Formation 
kinetic parameters (the Michaelis constant KM and maximal 
formation rate Vmax) of AST5902 were obtained by fitting the 
Michaelis–Menten kinetic Equation (1) to the AST5902 forma-
tion rate (V) versus furmonertinib concentration ([S]). The for-
mation clearance of AST5902 in HLM was calculated according 
to Equation (2). All other procedures were as described for incu-
bations with recombinant enzymes.

The Michaelis–Menten kinetic experiments were repeated on 
three independent occasions.

2.1.5   |   Software

PK-Sim Version 11 (Open Systems Pharmacology Suite, www.​
open-​syste​ms-​pharm​acolo​gy.​org, 2022) was used for the develop-
ment of the furmonertinib and AST5902 parent-metabolite PBPK 
model, the evaluation of the model, and sensitivity analyses. The 
compilation of plots as well as calculations of PK parameters and 
quantitative model performance measures were performed using 
the R programming language version 4.2.3 (R Foundation for 
Statistical Computing, https://​www.​r-​proje​ct.​org).

2.2   |   Clinical Study Data

Published clinical study data were obtained from Shanghai 
Allist Pharmaceuticals Co. Ltd. The clinical study in pa-
tients covered a broad dosing range of furmonertinib from 
20 to 240 mg administered orally, including SD and MD 

(1)V =
Vmax ∙ [S]

KM + ⌈S⌉

(2)CLHLM =
Vmax
KM
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administrations. The DDI models, which investigated fur-
monertinib as a CYP3A4 victim drug, were developed with 
two different studies in healthy subjects [9, 10]. In these stud-
ies, itraconazole was co-administered as a CYP3A4 competi-
tive inhibitor and rifampicin as a strong CYP3A4 inducer and 
a weaker inducer of CYP2C8. Subjects in both studies were 
pretreated with either itraconazole (13 days, 0.2 g, twice daily) 
or rifampicin (16 days, 0.6 g, once daily) followed by an SD 
administration of 80 mg furmonertinib. All profiles were di-
vided into a training dataset for model development and a test 
dataset for model evaluation. The training dataset was assem-
bled to: (1) include DDI studies for better identification and 
information on metabolic pathways and (2) cover SD and MD 
administrations over a wide range of dosages to provide dense 
information on CYP3A4 auto-induction. All details, includ-
ing dose and demographic information on the clinical studies 
used, are described in Table S2.

2.3   |   PBPK Model Building

The PBPK model for furmonertinib and its metabolite was 
developed using a stepwise modification approach. For each 
study population, a representative East Asian virtual indi-
vidual was built based on the reported mean data for age, 
weight, height, and body mass index. Relative expression of 
relevant transporters and enzymes in different organs was 
implemented according to the PK-Sim expression database as 
described in Table S1.

Model development was initiated using the information on 
the ADME processes of furmonertinib and its metabolite from 
in  vitro experiments. The induction parameters (EC50 and 
Emax) of furmonertinib and AST5902 had already been pub-
lished [7]. The majority of parameters, including fu in plasma 
and microsomes, Papp values, fraction metabolized via differ-
ent enzymes, and kinetic parameters generated from micro-
somes, were obtained in this study, as mentioned before. First, 
data from SD administration in healthy subjects was used to 
determine the calculation methods for cellular permeabil-
ity and partition coefficients. The dissolution was described 
using a Weibull function as described in Section  S1.4. Both 
50% dissolution time and dissolution shape were estimated. 
Then, the DDI studies with rifampicin and itraconazole as 
perpetrators in healthy subjects were used to refine the meta-
bolic pathways and fractional contributions of different CYP 
enzymes. We started with the simple pathway—CYP3A4 
only—and added further enzymes one by one until there was 
no significant improvement in the model. After validating the 
model in healthy subjects, patient data was used to perform 
patient-specific model adjustments regarding absorption, me-
tabolism, and auto-induction parameters using SD and MD 
administrations of furmonertinib. The model development 
diagram is shown in Figure 1. As CYP2C8 and CYP3A4 were 
identified as the two enzymes predominantly responsible for 
the formation of the active metabolite, they were implemented 
in the model. For the drug depletion metabolism, CYP3A4, 
CYP2C8, CYP2C9, and CYP1A2 were incorporated into the 
model according to the in vitro fm values. Other enzymes with 
negligible contributions, for example, CYP2D6 (< 1%), were 
not included in the model.

2.4   |   PBPK Model Evaluation

A series of goodness-of-fit (GOF) plots were created for the com-
parison of concentrations between predicted and observed pro-
files. Moreover, GOF plots were used to compare predicted key 
PK parameters, that is, AUC determined between first and last 
concentration measurements (AUClast) and Cmax, to observed 
values.

Statistical evaluation was conducted to investigate the devi-
ation of predicted to observed concentrations. Mean relative 
deviations (MRDs) (Equation  3) for all predicted plasma 
concentrations and geometric mean fold errors (GMFEs) 
(Equation  4) for all predicted AUClast and Cmax values were 
calculated.

where ci = ith observed concentration, ĉi = the corresponding 
ith predicted concentration, and k = number of observed values.

where �i = observed AUClast or Cmax value of study i, �̂i = the 
corresponding predicted AUClast or Cmax value of study i, and 
m = number of studies.

Model-based population simulations were created for visual 
check with the observed plasma concentration profiles. For this, 
virtual populations were created based on the characteristics 
from each clinical trial cohort. For each study, 1000 individuals 
were created with variability in enzyme expression and demo-
graphics. Geometric standard deviations of the implemented 
enzyme and transporter concentrations are shown in Table S1.

(3)MRD = 10x ; x =

�∑k

i=1

�
log10ĉi− log10ci

�2

k

(4)
GMFE = 10x ; x =

∑m

i

����
log10

�
�̂i
�i

�����
m

FIGURE 1    |    Stepwise model development diagram.
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Local sensitivity analyses were performed as described in 
Section  S3.4.1. Parameters evaluated during local sensitivity 
analyses were listed in Tables S11 and S12.

2.5   |   DDI Modeling

DDI studies investigating the influence of the CYP3A4 perpe-
trators itraconazole and rifampicin on furmonertinib exposure 
were used for DDI modeling. The previously published PBPK 
model files of itraconazole and rifampicin [14] were downloaded 
from https://​github.​com/​Open-​Syste​ms-​Pharm​acolo​gy/​Itrac​
onazo​le-​Model/​​tree/​v1.​3 and https://​github.​com/​Open-​Syste​
ms-​Pharm​acolo​gy/​Rifam​picin​-​Model/​​tree/​v1.​2. All the relevant 
interaction parameters were incorporated from the literature as 
described in Tables S14 and S15.

The DDI models were evaluated analogously to the base PBPK 
model. Additionally, the models were assessed by comparing the 
DDI PK parameter ratios applying the limits proposed by Guest 
et al. to determine prediction accuracy allowing 20% variability 
[15] (Equation 5):

where PK parameter = AUClast or Cmax, PK parameter-
without perpetrator = AUClast or Cmax of furmonertinib or metabolite in  
control group while PK parameterwith perpetrator = AUClast or Cmax 
of furmonertinib or metabolite co-administered with itracon-
azole or rifampicin.

2.6   |   Model Application

The established PBPK model was used for prospective predic-
tions when furmonertinib would be concomitantly adminis-
trated with CYP3A4 perpetrators in the long term. Itraconazole 
was used as a strong CYP3A4 inhibitor, and rifampicin was used 
as a strong CYP3A4 inducer. The virtual individuals were cre-
ated based on the mean profile of the clinical DDI study popu-
lation for comparisons. The parent drug, active metabolite, and 
the sum of both, that is, the total active components, were sim-
ulated. The model was used for the prediction of the following 
two different scenarios: (1) pharmacokinetic profiles of oncology 
patients who received 21 days of 80 mg furmonertinib to reach 
steady state, followed by co-administration with itraconazole 
(200 mg, twice daily) for 7 days; (2) pharmacokinetic profiles of 
oncology patients who received 21 days of 80 mg furmonertinib 
to reach steady state, followed by co-administration with rifam-
picin (600 mg, once daily) for 7 days.

3   |   Results

3.1   |   In Vitro Assays

The plasma protein assays identified a fu value of 0.63% for fur-
monertinib (Table S4). As for the protein assays in microsomes, 
an incomplete recovery of radioactivity was observed, and it 

suggested a value of fu in microsomes from 3.17% to 39.8% for fur-
ther optimization. In the Caco-2 drug permeability assays, an in-
complete recovery of radioactivity was also observed when only 
measuring the radioactivity in the basolateral side and apical side. 
After digesting the cells from the cell culture plate and measuring 
the radioactivity of lysates, the recovery was 88.4% (Table S5).

Using eight different recombinant CYP enzymes, CYP3A4, 
CYP2C8, CYP2C9, and CYP1A2 were found to be the most 
relevant enzymes regarding the depletion of furmonertinib 
and AST5902. Additionally, CYP3A4, CYP2C8, and CYP3A5 
were found to be relevant regarding the formation of AST5902. 
CYP3A4 was the major enzyme responsible for the depletion 
of furmonertinib and AST5902 as well as the formation of 
AST5902 with fraction metabolized ( fm) values of 80.2%, 53.0%, 
and 83.3%, respectively. The details of all first-order kinetic pa-
rameters are described in Section S2.3.

The metabolite formation approach was used to estimate the 
formation kinetics of AST5902 in pooled HLMs. The Vmax and 
KM values were (mean ± standard deviation) 0.89 ± 0.12 nmol/
min/mg protein and 3.72 ± 1.75 μM, respectively. The calcu-
lated metabolite formation clearance (mean ± standard devi-
ation) of AST5902 was 0.28 ± 0.13 mL/min/mg protein. The 
calculation methods are described in detail in Sections  S2.3 
and S2.4.

3.2   |   PBPK Model Building and Evaluation

The data profiles were obtained from six clinical trials and 
separated into training and test datasets. There were two pop-
ulations, that is, healthy subjects and patients, involved, as de-
scribed in Table S2.

The metabolism of furmonertinib was implemented via 
CYP3A4, CYP2C8, CYP2C9, and CYP1A2, with initial intrin-
sic clearances adopted from the conducted phenotyping experi-
ments. Here, CYP2C8 and CYP3A4 lead to the formation of the 
metabolite, while CYP1A2, CYP2C9, and part of the metabo-
lism via CYP3A4 resulted in undefined metabolites. CYP1A2, 
CYP2C9, and CYP3A4 were implemented for the disposition of 
AST5902. Figure 2 presents a schematic overview of the mod-
eled metabolic pathways.

The patient-specific parameters were refined using SD profiles 
from patients. The CYP3A4 clearance for the sink pathway was 
fitted to 0.60 L/μmol/min in healthy subjects and was further 
optimized to 0.29 L/μmol/min in patients. The specific intesti-
nal permeability in patients was optimized as 7.24 × 10−5 cm/
min compared to the in  vitro values used in healthy subjects, 
which are 3.18 × 10−5 cm/min. The EC50 and Emax values of fur-
monertinib were further fitted as 0.49 μM and 12.25 using MD 
studies in patients compared to the experimental values, which 
are 0.25 μM and 9.28.

In vitro, the fm of CYP3A4 and CYP2C8 responsible for metab-
olite formation were calculated as 83.3% and 16.5%. In patient 
model simulation, the values were 94.5% and 5.5%, respectively. 
As for the parent drug depletion, fm of CYP3A4 and CYP2C9 
were 80.2% and 5.56% in experiments, while in the PBPK model, 

(5)DDI PK parameter ratio =
PK parameterwithout perpetrator

PK parameterwith perpetrator
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CYP3A4 contributed 48.7% (10.4% to form the metabolite and 
38.4% in the sink pathway) and CYP2C9 contributed 49.9% in 
healthy subjects.

A detailed review of all furmonertinib and AST5902 model pa-
rameters is summarized in Table  1. A table of all key model-
ing assumptions as well as the model decisions can be found in 
Table S3.

Overall, the developed PBPK model of furmonertinib 
and AST5902 showed good descriptive (training dataset)  
and predictive (test dataset) performance. For the test and 
training datasets, exemplary plasma concentration-time  
profiles following 80 mg administration to patients are pro-
vided in Figure  3. Semilogarithmic and linear plots of all 
predicted and observed profiles are provided in Sections S3.1 
and S3.2.

Figure 4 displays GOF plots of predicted versus observed con-
centration measurements, AUClast and Cmax values stratified 
by training and test datasets, separated by patients and healthy 
subjects. In healthy subjects, 92.4% of all predicted concentra-
tion measurements were simulated within twofold of their cor-
responding observed data. 12/12 of predicted AUClast and Cmax 
values were simulated within twofold of their values calculated 
from the observed concentration-time profile. The calculated 
mean MRD value is 1.61, mean GFMEAUClast is 1.28, and mean 
GMFECmax value is 1.30, including training and test datasets. 
In patients, 93.3% of all predicted concentration measurements 
were simulated within twofold of their corresponding observed 
data. 32/32 of predicted AUClast and Cmax values were simulated 
within twofold of their values calculated from the observed 
concentration-time profile. The good descriptive and predictive 
performance of the model in patients could be further demon-
strated by the calculated mean MRD values. For the training 
dataset, the mean MRD value is 1.56, while for the test dataset, 
the value is 1.37. For every profile used, MRD and GMFE values 
are listed in Tables S9 and S10.

Local sensitivity analyses were performed for furmonertinib 
and AST5902 with respect to healthy subjects and patients. The 
AUClast of furmonertinib in both patients and healthy subjects 
was determined to be most sensitive to changes in furmonerti-
nib acid dissociation constant, while for AST5902, the AUClast 
was determined to be most sensitive to changes in furmonerti-
nib lipophilicity. A detailed assessment of the sensitivity analy-
ses can be found in Section S3.4.

3.3   |   DDI Modeling

The modeled DDI network is presented in Figure 2. Other details, 
including the model file of itraconazole and rifampicin as well as 
model parameters of the DDI models, are provided in Section S4.

Figure  5 shows the predicted versus observed plasma 
concentration-time profiles of furmonertinib administered 
alone or concomitantly with itraconazole or rifampicin. 
Figure  5a–d demonstrates the plasma concentration-time pro-
files of population simulations of the DDI studies. For each 
study, predicted versus observed AUClast and Cmax values are 
displayed in Figure 5e,f, with the limits proposed by Guest et al. 
[15]. All linear and semilogarithmic plots of predicted versus 
observed plasma concentration-time profiles are available in 
Sections S4.3 and S4.4.

In a clinical DDI study, the impact of rifampicin on the exposure 
of a single-dose (SD) administration of furmonertinib was eval-
uated. Chronic rifampicin dosing resulted in an 86.7% decrease 
in furmonertinib AUC0−t and a 60.3% decrease in total active in-
gredient exposure (AUC0−t), which closely matched PBPK model 
predictions of 70.8% and 47.4% reduction, respectively.

In a clinical DDI study, when co-administered with itracon-
azole, the AUC0−t of furmonertinib and total active ingredients 
increased by 120.8% and 48.1%, which closely matched PBPK 
model predictions of 130.3% and 41.1%, respectively.

3.4   |   Model Application

The simulations are displayed in Figure  6. Subsequent model 
simulations in patients on the effects of chronic rifampicin dosing 
on the steady-state AUC of furmonertinib suggested a reduced 
effect compared to SD administration of furmonertinib, as the 
exposure of furmonertinib and total active ingredients was only 
decreased by 48.6% and 37.6%, respectively. Subsequent model 
simulations in patients on the effects of chronic itraconazole 
dosing on the steady-state AUC of furmonertinib suggested a 
similar effect compared to SD administration of furmonertinib, 
as the exposure of furmonertinib and total active ingredients in-
creased by 141.0% and 47.1%, respectively.

4   |   Discussion

In this present work, a whole-body PBPK model for furmonerti-
nib and its active metabolite AST5902 was built and evaluated, 
in part based on novel in  vitro data. The metabolite AST5902 
is an active metabolite with drug efficacy similar to that of the 

FIGURE 2    |    Overview of the metabolic pathways involved in the fur-
monertinib PBPK model and the modeled drug–drug interactions. CYP, 
cytochrome P450; PBPK, physiologically based pharmacokinetic.
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parent compound, making it clinically relevant. During chronic 
administration, the exposure levels of the metabolite are compa-
rable to those of furmonertinib, so including its PK profile aids in 
understanding the overall metabolic pathways of furmonertinib. 
The PK of furmonertinib and its metabolite were successfully 
described and predicted for a broad dosing range (20–240 mg) 
of orally administrated furmonertinib with and without co-
administration of CYP3A4 perpetrators in healthy volunteers 
and in patients.

The special characteristics of protein binding exert difficulties 
in the in  vitro/in vivo extrapolation. For TKIs, some of them 
exert effects on the target protein via covalent binding, for ex-
ample, osimertinib and furmonertinib. However, it has been 
found in recent years that these compounds could bind with 
other proteins as well, resulting in a low recovery in matrix, for 
example, plasma [6, 16–18]. In the development of osimertinib 
PBPK modeling, researchers also found that this binding char-
acter could result in the inaccuracy of in vitro/in vivo extrapo-
lation, especially when translating the permeability parameters 
like Papp value from Caco-2 monolayer assay and calculating the 
fu in plasma and microsomes [19]. The use of radiolabeled [14C] 
furmonertinib ensured comprehensive detection of both parent 
drug and any covalently bound or trapped forms, minimizing 
underestimation of total drug movement. In our study, specific 
intestinal permeability was also adjusted during model optimi-
zation to reconcile in vitro recovery limitations with observed 
clinical absorption rates (e.g., faster absorption in patients 

required increasing intestinal permeability). It is worth men-
tioning that a low recovery was found when calculating the fu 
values of furmonertinib in microsomes. This could be attributed 
to unspecific binding with the device. Thus, a range of fu in mi-
crosomes was calculated, supposing all the binding part belongs 
to the buffer side or the matrices side. However, considering that 
fu value obtained is not reliable, we used the original value of KM 
(3.72 μM) in the model.

The gut microbiota affects drug PK and anticancer activity at 
various levels [20, 21]. Cancer cell presence may trigger alter-
ations of gut barrier function, which is often accompanied by 
translocation of microbial antigens in other organs such as the 
liver [22, 23]. In the model, different intestinal permeability 
values were optimized for patients and healthy subjects to 
capture the overall higher Cmax observed in patients than in 
healthy subjects (45.3 ng/mL vs. 29.6 ng/mL). The specific in-
testinal permeability of furmonertinib in healthy subjects was 
3.18 × 10−5 cm/min (generated from Caco-2 drug permeability 
assays), while for patients a value of 7.24 × 10−5 cm/min was 
optimized. The metabolism of the parent drug was also in-
vestigated, respectively, in patients and healthy subjects, con-
sidering that published reports claimed that cancer patients 
could have lower capability for drug metabolism than healthy 
people [24–28]. During model building, a patient-specific ad-
justment of the different kcat values used for metabolite for-
mation and the CYP3A4 clearance of the sink pathway were 
tested. Here, a decrease in CYP3A4 sink pathway clearance 

FIGURE 3    |    Exemplary plots of plasma concentration profiles of furmonertinib and the metabolite AST5902 following 80 mg furmonertinib 
multiple-dose administration in patients. Stratified by training (a, b) and test (c, d) datasets, including single dose (a, c) and steady state (b, d) profiles; 
F represents furmonertinib and M represents the metabolite AST5902; solid lines and ribbons represent population predictions (n = 1000; geometric 
mean and geometric standard deviation), whereas corresponding observations are shown as dots (±standard deviation). Detailed information on all 
investigated profiles is provided in Sections S3.1 and S3.2.
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greatly improved the prediction performance of the patients' 
profiles (0.6 L/μmol/min in healthy subjects and 0.29 L/μmol/
min in patients). The auto-induction parameters Emax and 
EC50 were only adjusted upon inclusion of MD applications 
to patients in the parameter optimization process, as during 
the initial optimization steps with healthy subjects only SD 
administrations were available, in which auto-induction 
does not play a pronounced role. To verify, we later tested 
the Emax and EC50 values optimized from MD patient data on 
SD healthy profiles and found no impact on predictions for 
healthy subjects in SD scenarios. However, we could not verify 
MD predictions in healthy subjects, as no MD data are avail-
able for this population.

Furmonertinib metabolism involves a complex interplay of 
CYP enzymes; the depletion and formation clearance me-
diated by CYP isozymes were optimized with clinical DDI 
studies involving CYP3A4 perpetrators. However, in  vivo 
PBPK simulations revealed shifts in relative enzymatic con-
tributions compared to in  vitro observation, particularly an 
amplified role for CYP3A4 in metabolite formation and a 
marked increase in CYP2C9-mediated parent depletion. This 
discrepancy could arise from differing affinities of CYP2C9 
and CYP3A4 to furmonertinib. Since the Michaelis–Menten 
kinetics of furmonertinib were obtained in HLMs, we could 
not isolate the specific affinity parameters for CYP2C9 and 
CYP3A4 in our model.

There are also some limitations to this PBPK model. All the 
clinical studies involved in this research were conducted in 
Chinese people. In the model development, all individuals and 
populations were created based on the East Asian population 
embedded in PK-Sim. In the future, more clinical studies should 
be included to investigate the effect of ethnicity on the PK of 
furmonertinib and AST5902. Moreover, CYP2C9 is highly poly-
morphic and plays an important role in the metabolism of fur-
monertinib, with apparent major differences between in vitro 
studies and the vivo situation as described in the PBPK model. 
However, as no CYP2C9 genotyping had been performed for 
the included study populations and no DDI studies with selec-
tive CYP2C9 perpetrators were conducted, different CYP2C9 
activity levels could not be considered in this study. Moreover, 
although we already optimized Emax to a relatively high value 
(12.3 in the model compared to 9.28 in  vitro), the concentra-
tions of furmonertinib predicted in higher dosage groups (e.g., 
160 mg and 240 mg) are still over-predicted, and the concentra-
tions of the metabolite are under-predicted, suggesting an even 
higher Emax value of CYP3A4. In the depletion of furmonerti-
nib, CYP2C9 also plays an important role, and both CYP2C9 
and CYP3A4 can be induced through the pregnane X Receptor 
(PXR) pathway [29–34]. However, in  vitro induction studies 
on furmonertinib showed no significant induction of CYP2C9. 
These findings were previously published in tab. 4 of a related 
article [8]. The absence of furmonertinib CYP2C9 induction in 
our model did not compromise the accuracy of our diagnostics, 

FIGURE 4    |    Goodness-of-fit plots of the final furmonertinib model for healthy individuals and patients. Stratified by parent drug (upper row) and 
metabolite (lower row), predicted plasma concentration measurements as well as AUClast, Cmax are plotted against corresponding observed data. The 
solid line represents the line of identity, whereas dotted lines indicate 1.25-fold, and dashed lines indicate twofold deviation from the respective ob-
served value. AUClast, area under the curve determined between first and last concentration measurements; Cmax, maximum plasma concentration.
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which were generated without it. Thus, if more evidence were 
available showing that CYP2C9 induction can influence fur-
monertinib metabolism and this mechanism was incorporated 
into the model, the inaccuracy in higher dosage groups may be 
improved.

The first-ever developed PBPK model includes furmonertinib and 
its main active metabolite AST5902 and presents insights by inves-
tigating DDIs involving CYP3A4 perpetrators and auto-induction 
in long-term administration. In addition, the model was built and 
evaluated with a comprehensive clinical dataset covering wide 

FIGURE 5    |    Evaluation of the modeled DDI simulations. (a, b) represent the itraconazole-furmonertinib-DDI study and (c, d) represent the 
rifampicin-furmonertinib-DDI study. The predicted plasma concentration-time profiles of furmonertinib or metabolite are presented alongside their 
observed data. Solid lines and ribbons represent population predictions (n = 1000; geometric mean and geometric standard deviation), whereas corre-
sponding observations are shown as dots (±standard deviation). Predicted versus observed DDI AUClast (e) and DDI Cmax (f) ratios are shown, with 
the solid line representing the line of identity, dotted lines indicating 1.25-fold and dashed lines indicating two-fold deviation from the respective 
observed value, along with the curved lines marking the prediction success limits proposed by Guest et al. [13] including 20% variability. Detailed 
information on all investigated DDI studies is provided in Section S4. AUClast: Area under the plasma concentration-time curve determined between 
first and last concentration measurements, Cmax, maximum plasma concentration; DDI, drug–drug interaction.
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dosing ranges and two different populations. Incorporating the 
information gained from DDI studies, the model was used to 
predict furmonertinib exposure at steady state in the presence 
and absence of perpetrators, considering its properties as a sub-
strate and an inducer. In the future, the model can be extended 
to further investigate DDIs between furmonertinib and other 
moderate or weak CYP3A4 perpetrators. Considering its auto-
induction property, DDI scenarios between furmonertinib and 
CYP3A4 substrates (e.g., midazolam) can also be investigated. 
While we did not perform specific simulations of furmonertinib 
with additional agents in this study, our PBPK model is designed 
to accommodate such predictions. For example, if a patient were 
to require co-administration with an antidepressant such as flu-
voxamine, a known CYP3A4 inhibitor, our model could simulate 
furmonertinib's plasma concentration profile under chronic co-
administration with fluvoxamine or similar drugs with estab-
lished PBPK parameters. This capability highlights the model's 
flexibility for future assessments of DDIs and its utility in opti-
mizing dosing strategies for complex therapeutic regimens.
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