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Mechanistic PBPK, Transporter Science and Biomarkers:
An Integrated Framework for Understanding Variability in Drug
Disposition

Aleksandra Galetin, PhD

Centre for Applied Pharmacokinetic Research, The University of Manchester,
United Kingdom

Physiologically-based pharmacokinetic (PBPK) modelling is a powerful translational tool which
has now established its acceptance in regulatory submissions with a variety of applications.
PBPK-informed predictions support decisions on the necessity, timing and design of clinical
trials, exploration of untested/“what-if” scenarios and complement unavailable/ limited clinical
data in certain patient populations (e.g., pediatrics). Recent years have seen a discovery of
novel endogenous biomarkers for hepatic/ renal transporters and advances in their application
for evaluation of transporter-mediated drug-drug interactions (DDI) in early drug
development.

This talk will discuss the proposed tier classification of endogenous biomarkers and
recommendations for their application to improve de-risking of transporter DDIs and
management strategies. The presentation will provide examples of leveraging biomarker data
in combination with different modelling approaches to predict transporter DDIs and to
facilitate the design of prospective clinical interaction studies. Extension of mechanistic
biomarker models to patient populations will demonstrate the role of modelling in
differentiating the effect of disease on biomarker synthesis and transporter activity. Finally,
the presentation will illustrate the integration of liquid biopsy and exosome-based approaches
with PBPK modelling to characterise disease-related changes in drug disposition and support
the development of virtual twins for precision dosing.



Biography

Aleksandra Galetin, PhD
Centre for Applied Pharmacokinetic Research, University of
Manchester, UK

Dr Galetin is Professor of Translational Pharmacokinetics in the School
of Health Sciences at the University of Manchester, UK and Deputy
Director of the Centre for Applied Pharmacokinetic Research. She served as President of
the International Society for the Study of Xenobiotics (ISSX) until 2026 and was one of
the initiators of the ISSX Africa Chapter. She has received multiple awards, including the
European ISSX Scientific Achievement Award. Dr Galetin holds a long-standing leadership
role in the International Transporter Consortium (ITC), where she currently serves as a
co-chair. In this role, she has led multiple white papers defining best practices for the
application of endogenous biomarkers and PBPK modelling of transporter-mediated drug-
drug interactions, among other topics. She completed her sabbatical at the US FDA Office
of Clinical Pharmacology where she provided expert advice on PBPK modelling of drug-
drug interactions and the prediction of pharmacokinetics in specific patient populations
for new drug applications. Dr Galetin has published extensively (H-index of 56, >8,550
citations) and was listed in the top 0.66% of researchers in Stanford University's Highly
Cited Researchers List in 2025. She has supervised/mentored over 45 PhD students and
postdoctoral research associates.
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Leveraging Biobanks, Omics, and Modeling to Deconvolute Variability in
Drug Metabolism and Disposition

Bhagwat Prasad

Cincinnati Children's Hospital Medical Center

Interindividual variability in drug metabolism and disposition remains a major challenge for
predicting drug efficacy, toxicity, and drug-drug interactions. This presentation highlights how
integrated analysis of biobanked human biospecimens, quantitative omics technologies, and
mechanistic modeling can be leveraged to understand and predict sources of pharmacokinetic
variability. Using large collections of human tissues, biofluids, and cell-based models,
quantitative proteomics and metabolomics are applied to characterize the abundance and
activity of drug-metabolizing enzymes, transporters, and regulatory pathways across diverse
populations. These data reveal substantial variability in key determinants of drug disposition,
including enzymes such as UGT2B17, CYP450s, and transporters involved in hepatic,
intestinal, and renal drug handling. Case studies involving testosterone, irinotecan, and
clinically relevant drug-drug interactions demonstrate how omics-informed mechanistic
investigations uncover the biological basis of variability and tissue-specific toxicity.
Furthermore, metabolomics-driven biomarker discovery and extracellular vesicle proteomics
illustrate emerging noninvasive approaches for phenotyping drug metabolism and transporter
activity in individual patients. Integration of these quantitative datasets into physiologically
based pharmacokinetic (PBPK) and systems pharmacology models enables translation from
molecular mechanisms to patient-specific predictions. Together, these approaches provide a
framework for precision therapeutics, improving prediction of drug exposure, safety, efficacy,
and individualized dosing strategies.



Biography

Dr. Bhagwat Prasad is Professor of Pediatrics and Division Director of
Translational and Clinical Pharmacology at Cincinnati Children’s
Hospital Medical Center (CCHMC). He also serves as Founder and Chief
Scientific Officer of Precision Quantomics, Inc., an independent
biotechnology company. His research, supported by federal agencies
and industry partners, focuses on interindividual variability in drug
disposition and the IVIVE of drug transport, metabolism, and response using quantitative
proteomics and metabolomics. He also directs the multi-sponsor PRINCE consortium,

advancing proteomics-informed drug metabolism science. Prior to joining CCHMC, Dr.
Prasad was a Tenured Professor at Washington State University and previously served on
the faculty at the University of Washington. He has authored over 175 peer-reviewed
publications and delivered more than 125 invited lectures across academia, industry, and
the U.S. FDA. Dr. Prasad is an elected member of the Washington State Academy of
Sciences and recipient of notable honors including the ISSX New Investigator Award
(2018), the ASPET Early Career Award (2018), and WSU Chancellor’s Excellence Awards
in Service (2022) and Research (2024). He currently chairs the ASPET Drug Metabolism
and Disposition Division and the ISSX Transporter Focus Group. He also serves on the
editorial boards of Drug Metabolism & Disposition, Clinical Pharmacology & Therapeutics,
Trends in Analytical Chemistry, Frontiers in Pharmacology, and Pharmaceutics. He earned
his MS and PhD in Pharmaceutical Sciences from NIPER, India, completed postdoctoral
training at the University of Washington, and served as a Visiting Faculty Fellow at the
U.S. FDA in 2024.



Is More Actually Better?
--- Industry Perspectives on the Application of Transporter Assay in Drug
Development

Yan Zhang

Nuvation Bio

Transporter-mediated drug interactions have shifted from a specialized concern to a routine
part of both drug development and regulatory review. This talk asks how much of that shift
is genuinely evidence-based, opening with a number that anchors the rest of the discussion:
physiologically based pharmacokinetic (PBPK) models now serve as pivotal evidence in more
than a quarter of FDA drug approvals. After a brief refresher on the shared regulatory and
assay framework, including the newly finalized ICH M12 guidance, the talk reviews evidence
for growing transporter assay use from both the development and regulatory-submission
sides. A series of case studies grounds the discussion in real interactions and real labels,
spanning small molecules, a large-molecule modality where transporters govern payload
handling, a recent multi-transporter modeling example, and an emerging application in renal
and hepatic impairment. The talk also compares how small biotech and large pharmaceutical
companies handle transporter assessment in practice, demonstrating that these operational
differences are driven by funding, resource limits, and risk tolerance rather than differing
science, while directly highlighting the contract research organizations (CROs) supporting
both groups. The talk closes with a look at where transporter science is headed next, from
structural biology to expanded biomarker validation and machine-learning-assisted prediction.
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Dr. Yan Zhang, PhD, is Executive Director of Clinical Pharmacology at | :
Nuvation Bio in Manhattan, New York. She has over 20 years of ’ : 3
experience in oncology drug discovery and development, with :

particular expertise in drug absorption, transporters, and drug-drug
interactions (DDIs), spanning from early candidate selection through o
first-in-human studies to NDA submissions. Prior to her current role,

Dr. Zhang led the DMPK function at Nuvation Bio, an emerging clinical-stage biotech,
supporting programs across all stages of development. She previously held a leadership
position in the Department of Drug Metabolism, Pharmacokinetics & Clinical

Pharmacology at Incyte Corporation in Wilmington, Delaware, a larger, more established
biopharmaceutical company, where she guided strategies for drug absorption,
transporters, and drug-drug interactions across a broader portfolio.

Dr. Zhang earned her M.Sc. in Pharmacology from South Dakota State University and her
PhD in Pharmaceutical Sciences from the University of Nebraska Medical Center.
Throughout her career, she has contributed to five NDA submissions, resulting in four
approved drugs, and numerous IND-related filings. She has authored over 40 peer-
reviewed publications and is a frequently invited speaker at national and international
conferences across academia and industry. Dr. Zhang has served on various professional
working groups and currently chairs the Delaware Valley Drug Metabolism Discussion
Group (DVDMDG). Her research interests include transporter- and enzyme-mediated
toxicity and drug-drug interactions, pharmacokinetics, pharmacodynamics, and clinical
pharmacology.



Leveraging Nonlinear PK, Endogenous Biomarkers, and Study Design for
Efficacious Dose Prediction: A Telmisartan Story

Toshiaki TSUCHITANI, Ph.D.

Keio University Faculty of Pharmacy

Model-informed drug development (MIDD) has become increasingly important, and there
is a growing need to make full use of the pharmacokinetic (PK) information obtained in the
early stages of clinical development to improve dose selection in later trials and the probability
of development success.

In this talk, two modeling examples of clinical data using the Cluster Gauss-Newton Method
(CGNM) [1,2] will be introduced, both aiming to predict the efficacious dose without any
pharmacodynamic (PD) measurement. The first is an analysis of the nonlinear PK of
telmisartan, an angiotensin II (Ang II) receptor blocker. Telmisartan shows a more than dose-
proportional increase in exposure at oral doses of 20 mg and above, without a change in the
terminal half-life [3]. Intravenous and oral single ascending dose PK data [3] and fecal
excretion data [4] were described simultaneously with a physiologically based
pharmacokinetic (PBPK) model that incorporates enterohepatic circulation and target-
mediated drug disposition (TMDD) [5], and 17 parameters were optimized at once [6]. The
nonlinearity was attributed not only to saturation of hepatic uptake and metabolism by
OATP1B3 and UGT1A3, but also to saturation of receptor binding [6]. The obtained parameter
sets yielded dose-dependent and reasonable estimates of receptor occupancy (RO).

The second is the use of the endogenous ligand concentration-time profile. Telmisartan PK
was modeled together with the kinetics of Ang II, the endogenous ligand whose concentration
changes after telmisartan administration. When the in vitro Kq of Ang II for the receptor was
used as a constraint (middle-out approach), dose-dependent RO was estimated with narrow
confidence intervals, and the estimates agreed well with the reduction in blood pressure
observed at each dose [7].

CGNM is the basis that makes these analyses possible. It places many initial parameter sets
in a wide search space and returns a cluster of solutions [1]. It optimizes robustly even for
complex models that contain many unidentifiable parameters and provides a variety of
candidate solutions together with approximate profile likelihoods [2]. It is therefore possible
to examine what the model can estimate from the data before parameters are fixed or
additional experiments are carried out. Now that fitting a model with many parameters has
become much easier, we may need to begin designing clinical studies around what we want
the model to tell us.

References
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Experimental Validation of the REF Approach for BCRP-Mediated Biliary
Clearance in Hepatic Human BCRP-Transduced Mice via AAV Gene Delivery

Yusuke Masuo

Faculty of Pharmacy, Kanazawa University

Breast cancer resistance protein (BCRP/ABCG2) is an efflux transporter expressed on the
canalicular side of hepatocytes and the luminal side of intestinal epithelial cells. Intestinal
BCRP may limit systemic exposure to its substrates whereas information on potential
involvement of hepatic BCRP in its substrate drug disposition is limited. Since multiple efflux
transporters can contribute to biliary clearance, it is challenging to quantitatively assess the
contribution of each transporter. A tissue-selective gene knock-down/transduction approach
is therefore needed. Adeno-associated virus (AAV) vectors, a gene delivery tool enabling long-
term expression and increasingly used as new therapeutic modality, are well suited for this
purpose. In this study, the role of hepatic BCRP was investigated using AAV-mediated hepatic
Bcrp knockdown and human BCRP transduction mouse models.

AAV vectors carrying shRNA against mouse Bcrp and LacZ were intravenously administered
to wild-type mice to establish hepatic Bcrp knockdown mice. Bcrp mRNA levels in the liver of
AAV-shBcrp-treated mice was markedly reduced compared to AAV8-shlLacz-treated control
mice, whereas Bcrp mRNA expression in the kidney and small intestine was unchanged,
suggesting liver-selective Bcrp knockdown. After oral administration, the AUC of sulfasalazine
in AAV-shBcrp-treated mice was 7.5-fold higher than that in controls, demonstrating that
biliary excretion of sulfasalazine via hepatic BCRP affects its plasma concentration profile.

AAV vectors carrying human BCRP (AAV-hBCRP), its genetic variant (AAV-BCRP(Q141K)),
or tdTomato as control were intravenously administered to Bcrp—/~ mice to establish hepatic
BCRP-transduced mice. In hBCRP transduced-mice, the AUC of sulfasalazine was reduced 4-
fold and biliary clearance increased 15-fold compared to controls, confirming functional
expression of human BCRP in mouse liver. For rosuvastatin, biliary clearance was 2.5-fold
higher despite unchanged plasma AUC. The Q141K variant resulted in approximately 3-fold
higher sulfasalazine AUC relative to wild-type hBCRP, consistent with impaired transporter
function caused by this single nucleotide polymorphism.

The relative expression factor (REF) approach is a promising method for extrapolating
transporter-mediated biliary clearance from in vitro data, but its validation remains limited
due to restricted clinical bile sampling. Intrinsic biliary clearance in BCRP-transduced mice
was extrapolated by combining in vitro transport activity assessed in membrane vesicles, their
inside-out ratio, transporter protein expression in liver and membrane vesicles, and a
physiological scaling factor. The extrapolated intrinsic biliary clearance showed reasonable
correlation with in vivo data, although absolute discrepancies remained. Transport activity
varied depending on membrane vesicle source, underscoring the need for careful
characterization of in vitro systems. This study provides the first experimental validation for
in vitro to in vivo extrapolation of human BCRP-mediated biliary clearance in hepatic human
BCRP-transduced mice, offering a practical platform to quantitatively assess individual
transporter contributions to hepatic drug disposition.
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Regulatory Acceptance of Human-on-a-Chip Systems for Neuromuscular
Diseases

James Hickman

Hesperos, Inc.

We have constructed multi-organ Human-on-a-Chip systems for safety and efficacy with up
to 5 organs and have demonstrated long-term (>28 days) evaluation of drugs and
compounds, and these systems have shown similar response to results seen from clinical data
or reports in the literature. These models utilize a pumpless platform with serum free
recirculating medium, and are low volume systems that can evaluate parent compounds as
well as metabolites when the liver is included. Specific embodiments of this technology are
the creation of a functional human NMJ system for Amyotrophic Lateral Sclerosis (ALS) and
a long-term potentiation (LTP) for Alzheimer’'s Disease (AD) utilizing clinically relevant
functional readouts. The robustness of these phenotypic models is evidenced by their
successful integration into the regulatory pathway. Sanofi utilized efficacy data from our
conduction velocity model to file an IND for CIDP (NCT04658472), which has now progressed
to a two-armed Phase III trial (NCT06290141 and NCT06290128). Numerous other INDs
based on data from this platform have been approved and proceeded to clinical trials,
including applications for ALS with Argenx Therapeutics (NCT06441682) and Apellis
Pharmaceuticals (NCT04579666), Myasthenia Gravis (NCT06282159) and Multi-focal Motor
Neuropathy (NCT06537999) with Dianthus Therapeutics, and Charcot-Marie-Tooth Disease
(CMT2S) with Vanda Pharmaceuticals (NCT07223632). Therapeutic index determination has
been shown for cancer and malaria applications as well as the construction of digital twins.
For safety, the bar for augmenting animal studies will be similar to that of efficacy, but will
be significantly higher for replacing animals for systemic toxicity. With respect to using our
systems for safety, we have already demonstrated augmentation of a large animal model
with Vanda Pharmaceuticals.
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The Emerging Role of In Silico NAMs in Regulatory Toxicology

Kevin Snyder
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The FDA's New Approach Methodologies (NAMs) guidance and the recently adopted ICH M15
framework establish a harmonized, context-of-use-based foundation for reducing reliance on
animal testing while generating more human-relevant evidence throughout drug development.
Within this evolving regulatory landscape, in silico NAMs are increasingly converging into an
integrated, Al-enabled toolkit spanning both data-driven and mechanistic approaches. Data-
driven methods, such as QSAR and QSTR models, support hazard identification and prediction
and have established regulatory precedent under ICH M7. Complementing these approaches,
physiologically based pharmacokinetic (PBPK), quantitative systems pharmacology (QSP),
and in vitro to in vivo extrapolation (IVIVE) models generate human-relevant predictions of
exposure, response, and safety from experimental and systems-level biological data. This
presentation examines how these approaches are being applied across diverse regulatory
contexts of use, including IVIVE-based translation of in vitro findings to human risk
assessment, QSP-informed dose selection for first-in-human studies as reflected in FDA's June
2026 draft MABEL guidance, and SEND-standardized predictive modeling frameworks that
support study waivers through ongoing PHUSE collaborations. It also explores how ICH M15's
risk-proportionate model credibility framework aligns model validation expectations with
regulatory decision impact, illustrating a broader paradigm shift in which both mechanistic
and data-driven models are evolving from complementary research tools into quantitative
evidence-generation platforms that support regulatory and clinical decision-making across the
product lifecycle.
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MPS BFLER~INITEINDS

PR 55X

FURAKRF EapiRiER

IFFEOEZEREIITOEMCICHEN. EEROEREFCEDSEYENRE - T2 NS - ERIFE)ZE)
(CEHM T BIcbD 7Y A RADERBIELEM(CIRDDDHD . TOIREARD—DDFEREL T, MUIVREE(CED
EROZIEMED 3 R TBEENAIEER MPS (Microphysiological System) hSEBINTWS. $F(C. B
BIRTF DB VTR TIES . =R EMIED O RIB(CK S EE Z (2B TEL T LV EIT(DE
FERFAFTE. MPS OBIMENRIEEINZLEAIRFEN TV, Fz. 2022 F(CeRETEN iz FDAERAEE 2.0 D
hTEMWIERBRENAICRE T 2FAMBIELT MPS hZFBNnzc. 2025 £(C iISTAND JOJ3AMEARAEL.
NAMs (New Approach Methodologies) t#FReN2EFFMNERRBEFEY—I)I%Z DDT (Drug
Development Tool) EUTREITIBENIEF e RENKERERERLERD, NAMs DFEEBER—RBTHD
MPS (FEIZR(CBVTRNI LD TERVFHImFELL TGEREEN D DH D,

ZOIOBHRIBBOR, FH L (X AMEDIBAER- - B FaROEECIChIEERMMARESE (B
EEERMZICAUCSERAIFERRY —ILEMEFE) 1CBVWT. BRENTHFEINLZ MPS (&, BHE.
BERAMAE ., MRANEAPT. TPARMMERE) 07 V-3 BR RV RSz T,

MPS ZERUHEiRZMFE I D L TROEE(CRZDN. COU (Context of Use) #IBfEL. sHMIRD
Y MERIRIET DETHIN . MERDTIA-ZATPvA LU TEEMR Rz, H<ET COU [CEDVEY
FHEEZBLTVIN, BELRIHMIRELTEDIAENTLSH. SHMBOBMICEELTLID, BREZDERT
RERNMFEIET . ABECTIE. LEEOREOFAZBIEL TEMEN TSz AMED BE0BDEA%ZIEBTIS
EHIC, 51 DDT O—AZRI ENHIFFENS MPS 0. BIEERFMiCLTOHA/ HEEEAO7IO-F
ZEamUITL,

Reference:
REES K, $EH=8E ; MPS (Microphysiological System)DRFEERIZRIGH. Drug Delivery System
2025, 40-4, 246-253



BFE

FiE 53X (WS WT3)
FURKT EapiRIZR-BIR (L)
FARBMEIZEER(HK) SAI9AIXEEED- 558 (L)

FRE  OEM6FE3IRA EREAFEFEERE
TRk 8FE3H  ERRAFAFREFZRAFRBUELZRIZET
T 13E 3R REAFAFREFRAFRHELRIERUEUSO_ LR

]

B Tk 13 F 10 A (WNAKRFARZFREFWAFR VO-F7YS I/
TR 15F 4R REAFAFREEEARE HEARE
Rk 16 £ 5 8 JST ICORP s8RBERETOI1IN JIL-T)-4—
TR 19 € 10 A RRERRFARFGIEESUEIATIR FHERE
% 20 €F 10 A EERMHESAFRARERETAMAFTIN RS
TR 22F 4R EEREESAFRPEERIZMRE Y- ARTF-LR
TR 27 F4 8 EERMHSHIATRIERERMATER ARIIL-TR
DH2F 4R EERNHEESATTRRA RS HEEARED AT
SM2F11 A FREMEIZEERMAIR)SAIUAIOREEED X5 (HmrT)
FORKFERIRIER R (@)
WECED

fii Bx (BF) (EXI3EFEIAR, BRAF)

i

HFINEF FHEREMF -EMITF

i
il

NG}



INZISBHEAN G )1 ReBEEUEMRIR - RHS LOHIEES T

IR FZ

HRRFAFREFZRATR

EEROHELEIRIN. /NEFEhEEHBLELES 2 MIMET ZI2H(C(E. E MIVBOAIRREEE
THREZARMEZRBRUTZ in vitro SHBIRNIME THD. IELEF. /I\NEREICFIE I 28 R0 B SEREEZFIA
U SEKIBEE . RN R AR PR 0 b iR EAD DL EFEZ B HED B IEHE R RFEIN TS, 2D
IR T, THEOEB TERIBYERRMERZ LR TE, ILKIFEUE— R — R LR 1EET
MEEIEE T Do AFATT TIE. Eb A XABLUNIRD/NEIEENSEIUR AN )1 REEBEE U T, B ENELT
HHLHCES O R ZBERUT, L MRDCEER TR EBREY NS AR-I-BLUNHIEE R
DOFIFEMEBERTESR U, SH(C, SURREEEL (air-liquid interface culture) MEAICLD, RIO0-RH
6. I I-ZEDIAHHE LU CYP3A SEMEZ SO FVIVBHEEEN B LU, H5% in vitro EF)LZBAVT. ik
EE L\ BBz BRI S 2L (C kD, L2 EMD/NETRA1SEUT1 (Fg) OFREHH TS, 13X
HRHERR TE. CYP3A BELD in vivo [CHIFD Fg DIEEZBIATEL, S5, 1 ATERMHILES R
FIEEWZRWRET T RDEAIT /A RICHITZIEIBINFIE . DMEBEBIR(CH T RN BB T OF
B LUIRIEBEDIR T HERHAN. NIRAEDIEEZBHIRIDLLEIC, ENTEUSIREZRITIUIL, S5(C. I
A RN S OFEYEFMELO MR ZIEZRCL T Bl - BRI OFHECERERUL TS, ABET(E.
NBORREBNTU. /INEEE BRI E BUOEHERO ADME-T FRICSII2E R4 E5 35, X T,
new approach methodologies (NAMs) &L TERT%. BBEIZFIABR (context of use) (TI&
UT. EMERE-BRERT —7EDEE . BIAMSLUR S —HIZEZ IR I 2B ESBORBEHR I Do



IR FZ KIE5 U3E)

BiI%

FRE

T 9F 3 A RERAFAFREFRMAFR ELFE ET
T 9OF 12 A EFLRE PR

FAL: TR 15 F 5 BEE (BF) RRKZF

HEPEE

R 10 FF 1 B BRAFRFREFRANRR-BF
Rk 16 1 B B3B8

Rk 17 £ 4 B [B-Bh3BuS- E380E

TR 2458 B-3u%

(20ftt : BI&-PIEF = - FREBE - ZERE- - EF1RL]

Rk 18 £ 3 AHAERIFZFSEME,; Tk 18 F 11 BHAEYHEFSEME,; ¥k 21 F£ 5 8
ISSX Asia/Pacific New Investigator Award;¥m% 22 &F 3 BEAERZSERE,;FK 24 F 6 A
25 5 [O| BRPRSRIBRASTIRBEA ] AT KE; Fak 28 F5E 27 [M(ERK 28 ) FRREIEAFTIREIAS
HE; ¥k 30 £ 6 B % 11 Ol ERARFRIEAFTIRERE HITKE



3D-RPTEC H&UEHRBISEREAVLRMSZRIEBIREEOSEM in vitro FHEROEE
ml K

A VN N - i

FEYERMBREE G, BRORBETAETIEOFERD—DTHD. BHTEEIEMRME L. IEAIRHEE
LRz#fE (RPTEC) MEEROEM NSO AR—I—2RIRITZENS. EYBHOFERIENERD, —F5. it
EOEYYEER(C(IFBEDLIYIEU_EOEENHD. £ MOIMNEE(EBNTZ in vitro SR OB KHSN T
W3 Y, 4 OAEIIL-TTE. Eb RPTEC 227104 REEELL 3D-RPTEC® ' organic anion
transporter 1 (OAT1) ZSVEEOIENNT>RAR—F—-OFREMENNTZLRBOELRE 2, E5(C. HFzR
ATP E%I5EL I35 HMARE. EMFRIDAMUFRMERECHL TV TRIMREZRL 2 BRSHER
TUNF =23V ERICB VTR VBRI B IR N MESREN I, 2. BE— OIS HBIE TR (KW FEEH
FFZBASMNCIBIzs. 3D-RPTEC (CHEREHRFENTZEAUL. EYIRERZ DN R)VIREZSDEE
OFfEESIER L. MRS ORI ERIABFBNERESULLENFHMN T E(CRDEZ SN, Fo. KE
FIETEY TUAS MODB AN THZ TNIIIVERICL 2B EE DR (CEICAL. SNV RUTESZIERELT
ERIFRMEEER S SR g e RNz ¥,

B RS E 2 RSUIREE TEMIAF RN R IEE 25T 3 212, Sy NBHR# RS UBERDIEBEREED TL)
%. Bl IERERENESBEORMA TOIBENEHLLN, BERIFZBMTL — N CH3 InnoCell@%FIH
FRLTBRMESAEETERLERIUR ¥, SBOREEETZCLCLD. BlA ATP 8% 7 QRIS
L. OAT1/3 BLU OCT2 ZNULEMERSEEEEI D BICHEFIN 2 en RN ©, &1z, cisplatin (&
BPRMEREZSLE. puromycin LU dasatinib (CEDRIKMAEEZ IR T EENTEN,

BLE&D, 3D-RPTEC (FtMAAIRMEREDOFRICHAERNZLOFTC. BiRfisER B aMEEz
RBRUTeR IO S RMEZ 0 HMEICEREZE 5N 5. MET )V ZE@ENCERI3CET. EVERMEE
PEE#MHRENSHEBE TZ BT ©E3 new approach methodology DHEEN RTINS,

5| Ak

1) Arakawa et al., Drug Metab Pharmacokinet, 61:101056, 2025
2) Ishiguro et al., Drug Metab Dispos, 51(9):1177-1187, 2023
3) Arakawa et al., J Pharm Sci, 113:3255-3264, 2024

4) Peng et al., Biol Pharm Bull, 48:928-931, 2025

5) Kadoguchi et al., Biol Pharm Bull, 49:122-129, 2026

6) Kadoguchi et al., Front Toxicol, 8:1838970, 2026



B

I K (&5 U3L)
LEEBHIIAFAREREFRFERILF15N) -1 IR0 %F - %

(FRE]

2007 £ 3 B RFIEMKRFRFE 22E

2009 £ 3 A RRERAFARFREAAFTR BT

2013 £ 3 B IRAFARFREABFMFRRHELRIRE 27
2013 3 A 8L (FF)

(BREE)

2013 £ 4 B BIREREAAFRFE B

2016 £ 2 B IRAFERRBIATEERTR B

2021 F 2 B IRXZFERRBAFTEHREF R HHIR

2025 £ 5 B ZEEMIIAFARZREEAAFTR 2R

2026 & 8 A ENIEXRnEmFEAEMFTAAZEEEMREBRAFR LS —RIESD ZEMFRE

(RERE]

2024 £ 5 B BpE. BAERAFE

2022 £ 11 A BRENBEFSRMHE. BAENBEF =
2021 £F 11 A FhRMHE. BARFRICESTED

(EFIDEF)



SRFTHIBISEIRIN invivoid® ZAVWEATHEMBTET BRI FMARADREHM

ARED S—

TOPPAN R=)T 40 A%k =t

EEROATTHFICBVT, FEERRIBR(CH(T D5 HMIEREBSARFRER (CHIT 2B - T2 L DIREEE. IF
BICEABEETHD. ZARERERAZIEUBNSE., BRAREREEFS(CHVWTAETENDFERMRALLTED
TUFSERT. ROt (2D) HBEETT I LEEERN. £ MEARROEM R EIRFAIBEEE B
BEZ T (CBIRTETVRVRICHD. EDfhIaE. BIZEOINERE FZB1E0. £ MEAROHIES M
FRRIMEE/ERZ S E (R E] gE R A OFHM RABENECROSN TS IOUERRRICKT I 2R TFER
ERDI\BZHEMMIEL T, Hit(EARIRKFNIGHEIREIREDHE BT ICLDIE B O = K o il Fg s & i i
linvivoid® 1 ZBIRL. CNZAVEEERATETLOBEY, ZOAIESHERAOERICERDBA TS,

invivoid® (3. X5RET ZARMDIBIER - HEBEAISBNCE DS, WY RBMISE T E2IR M 2= /o ilfe
BEOTIYNIA— LFMTH 2. AT, ZZMAHREE CHMERNEROBIRAL, £AARCEVATHE
Wz BRI ZEETAIRE(CT D, B TEARMZAV. BIECBII2EZ 2 MM CER I 3120 St
V1 OREERISE AL TWS, FHiBS EEYIREIOH. LM R EIZ 1B SE2s ThD. IFEEREFE TCOIEERZ 2
SHEEITS LT REMFEPSHERIBTRORHORTRLBERELS D, UM BEIRICHIDAEAARFEORT
HEREZ HERF O] BRI A TATHEET )L ORBER(IKRARL U THREETHD. FHARIVT 5> b &Y ORI ETAT . A5
MOBIEICAESE T RCERFEN BTz, Lt invivoid ® Rtz FIWTE MERFIRF X5 <™ A ISR AF#ER

(PXB-cells®) #=RTMBlitIT3ET. BERFMIBERYNT—7, BLUEKRIOEVTILEEZE T A
THEET N ZBRUZ. ARHEET IV, 2 ERERBRzITHRVES T THoTh. MigEFEPER T
FIRTOI71 ). EYRBERBESN T EN CHIFINZCENERINTHD., EIVTS5O 2L EYICLZE
EES MO, E MFENRAERERDOFRRE, T2 - BHRETHMCH I 2ICAN TN S, ARK
Tl. invivoid *BffiCEDEELIzCNSOR DM - BEEsTE (FFiE) TORREHAT 3L, AIERIOEX
([CEDLSBRERANAIEEN. TDREICDOVTEAUIZL .

SEZ

Naito et al., Acta Biomaterialia, 2022, Mar 1:140:275-288.

Yamada et al., Materials Today Bio, 2024, May 22:26:101097.

Takahashi et al., Acta Biomaterialia, 2024, Jul 15:183:111-129.

Morimura et al., Acta Biomaterialia, 2025, Sep 10:51742-7061(25)00677-4.



BFE

BREB J6— ((FoEDI50\5)
TOPPAN R—)LT 1> ZtkR =1t
BAMFFEARED ¥eSAFTFR

i

2

SHI2E 38 FEPRIASIET FEpiL ‘
SMAE 38 FUPRASETHARAMELRIET

S SH4E 48 TOPPAN R=ILT1 0 2R AL

WECES,

FFNE HAlIF

KH
il

SH 8 FE 5 53 MAAXSHFr EBRMRARERE
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L&, New Approach Methodologies (NAMs) (&, BIEMARSLVEREBAFECHBVTEMOBIIE.
ZEMSLUEMEROF AR LOBENSFEFBEINTWVS, NAMs (C(E in vitro (A /AR,
Microphysiological System (MPS) %) . in chemico RERRA BILMINEENSN in silico 7TO0-F6
BERBRESRO—DTHB[1]. $FIC Quantitative Systems Pharmacology (QSP) (&44AD biology
> pathophysiology ¢ EY)DIEB/ER%ZEEM(CEEIM I 3EIETTILY—ILELTHRELTHD., ITE T FDA
N QSP ZAVVER RV B 52545 TR I 2N 1TV AREZNKRIIRE. HHERIZOHRLANSEEENEFOT
Wa[2].

QSP (& biology/pathophysiology £EE¥IM pharmacokinetics (PK) . pharmacodynamics

(PD) . Mechanism of Action (MoA) REZFREL. EPL R REZTEEN (CERBLUTFRITIL
ZENETREIBTET IV THD. FCRBIEES (Immuno-Oncology, 1I0) SRIEKICHVT. QSP (FEEL R
B ROEMBEEERZIEREL . HARESISORR N AL — 23 )VifFT e IR I 2 ¥efie U CHARFEN
TW2, ITETEY IR MRt REUT 10-QSP EF N Z<FREINTHD. BIEYHANSIRRFERICES
¥R2 RIBEICBVWTERMAFOTLS[3,4].

ARFEFRTIE NAMs (CBIF3 in silico Y=ILODEDTHS QSP DBIEZBNTUIDS. HTARINIHIFS QSP i&E
FRIAR. 45(C 10 FELCHIFS 10-QSP EFILDBFIEIBNT S, S5(C. QSP ZAILA /A R MPS RREDABD
NAMs #ifiEfAAENE DTETEIMFINIFROER BT (COVTEERL. NAMs BHKI(CHTS in silico 7
TO-FOBENESEDOBRLEICDOVTERURZL,
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