
ADME Sciences: Where are we 
now and where do we go next?

Chris Gibson
Pharmacokinetics, Dynamics, 
Metabolism & Bioanalysis (PDMB)

Merck Research Laboratories

West Point, PA

Gulf-Coast Consortium: The 
Future of ADMET

Houston, TX October 2023



2

ADME scientists of today and tomorrow are data/knowledge integrators 
seeking translation from preclinical to clinical and back again

An overarching theme throughout this talk is the 
implicit desire to link biological, biophysical and other 
types of data into predictive translational models

Today’s ADME scientist uses a suite of predictive 
translational tools to enable teams to answer tough 
questions 



ADME Sciences: Where are we now and where do 
we need to go?

Biological drugs (aka ‘new’ modalities)
• IgG monoclonal antibodies as an example

The use of artificial intelligence and machine learning to 
advance data sciences in ADME

Novel human Microphysiological Systems (MPS) and their use 
in ADME



Biological drugs (aka ‘new’ modalities)
• IgG monoclonal antibodies as an example
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The rate of approval for biologics drug is increasing

Martins, A.C., et al. 2022. Trends and Perspectives of Biological Drug Approvals by the FDA: A Review from 2015 to 2021. Biomedicines, 10(9), p.2325.

• Biologic drugs produced by living systems
• Complex molecules not easily identified or characterized

• Glycosylation and other post-translational modifications



Public
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The anatomy and function of human Immunoglobulin G (IgG) 
antibodies

• IgG monoclonal antibody drugs have been 
successfully developed for a wide range of 
diseases including auto-immune/rheumatoid, 
cancer, hypercholesterolemia, migraine and 
Alzheimer’s

• Two different regions of the antibody have 
different structure and function

• Fab portion of the antibody contains the 
complementarity determining region (CDR) and 
is responsible for binding to the target antigen

https://www.genscript.com/IgG-antibody.html
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The Neonatal Fc receptor FcRN is critical for the disposition 
of IgG and their long plasma half-life

Chapter 19 – C Gibson, P Sandhu and W Hanley. Therapeutic Monoclonal Antibodies: From Bench to Clinic. Edited by Zhiqiang An. John Wiley & Sons, Inc.

• Binding of the Fc portion of IgG to 
FcRN plays a major role in 
governing the long half-life of 
some monoclonal antibody drugs

• Protects the mAb from lysosomal 
degradation and recycles back to 
cell surface

• pH sensitive binding
• Humanized FcRN knock-in mice 

needed to study



Target-Mediated Drug Disposition (TMDD) Is Commonly Observed for 
mAbs binding cell surface targets

• Binding of an antibody to a cell surface target will cause the 
bound complex to endocytose into the cell for degradation
• As the mAb is consumed as it exerts its pharmacologic 

effect

• Causes non-linear pharmacokinetics and increased plasma 
clearance
• The dynamics of the target can also influence PKPD and 

dose

• Opportunities for translational PBPK and QSP modeling

Chapter 19 – C Gibson, P Sandhu and W Hanley. Therapeutic Monoclonal Antibodies: From 
Bench to Clinic. Edited by Zhiqiang An
John Wiley & Sons, Inc.
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The Biodistribution of IgG Drug Candidates Have Been Extensively 
Characterized

Conner, K.P., Devanaboyina, S.C., Thomas, V.A. and Rock, D.A., 2020. Pharmacology & therapeutics, 212, p.107574.

48 hrs post 
8 mg/kg IV 
bolus dose 
anti-
topotecan 
IgG1

* Shah, D.K. and Betts, A.M., 2013, March. MAbs (Vol. 5, No. 2, pp. 297-305).

• Biodistribution studies of biologics employ a 
variety of strategies to label the biologic 
(fluorescence or radiolabel) and study the whole 
body distribution

• Historically have used primates and transgenic 
mice

• Lack of species cross-reactivity

• Studies like these of IgG distribution have been 
well characterized in non-clinical species and 
used to build predictive PBPK models

• Brain distribution of IgG is very low and is ~ 0.1-
0.3% of the plasma concentration*

• Novel engineered and other tri-specific mAbs 
would need their in vivo biodistribution 
characterized
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High Level Generalities of Small Molecule and Biologics ADME

10Assays and approaches used to measure and model these are also different

ADME Properties Small Molecules Biologics
Absorption Oral or S.C. – largely driven by 

solubility and passive permeability
IV, IM or SC – passive permeability 
negligible so driven by lymphatics

Distribution Passive diffusion and active 
transport and non-specific tissue 
binding

Fluid-phase convection and 
endocytosis by the 
reticuloendothelial system, no 
passive flux. Binding to FcRN and 
target are critical.

Metabolism Biotransformed by classical Phase 
1&2 DME families such as CYP450 
and UGT. 

Catabolism occurs by proteolytic 
enzymes to smaller peptide 
fragments.  Possible to have 
target-mediated drug disposition 
(TMDD)

Excretion Can be excreted unchanged in the 
urine (active or passive)  and 
bile/gut (active)

No unchanged excretion
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There is a wide (and ever growing) range of biologics constructs 
being pursued as therapeutics

The differences in molecular weight and 
overall physical chemical properties give 
each of these construct unique aspects to 
their disposition that requires study and 
characterization

Bolleddula, J., et al., 2022. Absorption, distribution, metabolism, and excretion of therapeutic proteins: current industry practices and future perspectives. Drug Metabolism and Disposition, 50(6), pp.837-845.
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Antibody Drug Conjugates (ADC) have complexity both of a biologic and 
small molecule and requires both to be optimized

Fu, Z., Li, S., Han, S., Shi, C. and Zhang, Y., 2022. Antibody drug conjugate: the “biological missile” for targeted cancer therapy. Signal transduction and targeted therapy, 7(1), p.93.

Singh, A.P., Guo, L., Verma, A., Wong, G.G.L. and Shah, D.K., 2019. A cell-level systems PK-PD model to characterize in vivo efficacy of ADCs. Pharmaceutics, 11(2), p.98.

Holistic QSP models of ADC disposition
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Trojan Horse Approaches Utilizing Receptor-Mediated Transcytosis 
to Boost CNS Exposure and Pharmacodynamics of Biologics

human 
transferrin 
receptor (TfR) 
epitope

PKPD of an inhibitory mAb against BACE1 using TfR-mediated RMT
• Single 30 mg/kg IV dose to cynomolgus monkeys (a cross-reactive species)

Substantial boost in brain PKPD with TfR ATV clone relative to parental mAb
• Also has increased plasma clearance due to TfR-mediated TMDD

Kariolis, M.S., et al., 2020. Science translational medicine, 12(545), p.eaay1359.
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Trojan Horse Brain Shuttles To Boost CNS Exposure of Biologics 
Introduce New Complexities And Opportunities

Yu, Y.J., et al. 2014. Science translational medicine, 6(261), pp.261ra154-261ra154.

NON-LINEAR!

• DNP antibodies (dinitrophenol, antigen not present in vivo) 
prepared with either transferrin receptor (TfR) or CD98hc 
showed distinct PK within the CNS

• Open the possibility of designing antibodies/fusions that can 
penetrate the BBB better and target specific cells within the 
CNS once inside
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In vitro assays used to study the disposition of biologics

The exquisite target binding selectivity of some 
biologics compromises the translational value of in 
vivo studies done in non-binding species
• Often has equated with increased use of non-human 

primates and transgenic animal models

The development of human relevant in vitro assays 
to triage ADME properties of new biologics drug 
candidates is essential 
• Consistent with the principals of the 3R’s - replacement, 

reduction, and refinement of animals used in research, 
teaching, testing, and exhibition

• Allow’s for iterative rounds of protein engineering for 
optimization prior to in vivo studies

In vitro proteolysis assays used in biologics discovery 
include the use of various types of models

• Whole blood and tissue homogenate (e.g.
liver and kidney), pancreatin

• Purified subcellular fractions like lysosomes
• Purified proteases and peptidases

Lai, X., Tang, J. and ElSayed, M.E., 2021. Recent advances in proteolytic stability for peptide, protein, and 
antibody drug discovery. Expert Opinion on Drug Discovery, 16(12), pp.1467-1482.
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As proteins traffic throughout the tissues/cells or interact with their binding 
partners, they may undergo region specific local unfolding events 
(conformational dynamics) providing different and additional regions of the 
primary sequence that are accessible to proteolysis

Probing for protein intrinsic conformational stability using a novel thermolysin assay

Thermolysin:
• Bacterial metalloprotease
• Can detect exposed hydrophobic patches
• Cleaves peptide bonds at N-terminal side of hydrophobic amino acids
• Is sensitive to detect the conformational instability of proteins in vitro

Protein breathing/motions

Loops or unstructured region

Pearson, Josh T., and Dan A. Rock. "Bioanalytical approaches to assess the proteolytic stability of therapeutic fusion proteins." Bioanalysis 7.23 
(2015): 3035-3051.

 Can the assay allow us to triage the molecules based on their stability?
 Will it allow us to predict the stability of molecules in vivo?

Key questions we want to address
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Affinity maturation techniques can introduce complexities that 
can result in poor pharmacokinetics

Non-specificity can cause the mAb to bind to a variety of receptors (e.g. scavenger receptors) and increased endogenous 
endocytosis in the reticuloendothelial system resulting in rapid plasma clearance

Non-specificity also promotes mAb self-aggregation to larger complexes which exacerbates the non-specific clearance and can 
cause anti-drug antibodies (ADA)

Ausserwöger, H., et al. 2022. Non-specificity as the sticky problem in therapeutic antibody development. Nature Reviews Chemistry, 6(12), pp.844-861.
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When amino acid sequences go wrong

When a set of amino acids with similar 
physical-chemical properties reside 
close to each other they cause patches
• These surface patches can be either 

hydrophobic or hydrophilic and can drive 
interactions with cell surface membranes 
and proteins

• The increased cell surface interactions will 
result in increase clearance from the blood

Ausserwöger, H., et al. 2022. Non-specificity as the sticky problem in therapeutic antibody development. Nature Reviews Chemistry, 6(12), pp.844-861.
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Polyspecificity Assay To Identify Antibody Clones at Risk of 
High In Vivo Clearance

PSR data collected on mAbs with varying degrees of 
polyspecificity and in vivo clearances
• Used to correlate to in vivo clearance

• Also integrated with other types of data (e.g. biophysical) to train predictive 
models for risk of high in vivo clearance

Geng, S.B., et al. 2014. Journal of pharmaceutical sciences, 103(11), pp.3356-3363.

Makowski, E.K., et al., 2021, January. Highly sensitive detection of antibody nonspecific interactions using flow cytometry. In MAbs (Vol. 13, No. 1, p. 1951426). Taylor & Francis.
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THE USE OF ARTIFICIAL INTELLEGENCE AND 
MACHINE LEARNING TO ADVANCE DATA 
SCIENCES IN ADME 



21https://blog.petrieflom.law.harvard.edu/2023/03/20/how-artificial-intelligence-is-revolutionizing-
drug-discovery/

Do you remember when we were stuck with just ‘natural’ intelligence?
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Quantitative Structure Activity Relationship (QSAR) Developed Using 
Machine Learning of Individual ADME Properties Have Been Used in 
Biopharma for >10 years

Lombardo, F., et al., 2017. Journal of Medicinal Chemistry, 60(22), pp.9097-9113.

• QSAR is the science of using statistical 
and AI/ML approaches to relate a 
biological activity of a molecule directly 
to its chemical structure

• Building a QSAR model occurs in 4 steps
1. Data set building and curation
2. Model building and final model selection

• Uses a wide array of molecular (e.g. MW, 
PSA, HBD) and substructure (e.g. atom 
pairs and heterocycles) to find patterns 
correlating with the biological endpoint

• Often involving different ‘training’ and 
‘validation’ data sets

3. Model deployment and usage
4. Ongoing model refinement with new 

data
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Illustrative Example Using In Vitro Pgp Efflux Ratio QSAR 
Model To Prioritize Study of Molecules Devoid of Active Efflux

Model capable of categorizing molecules either as non-substrate, 
potential substrate and substrate with reasonable accuracy

Can be used with new candidate chemical structure to predict 
their Pgp efflux potential enabling synthesis/purification and 
experimental testing only on those structures in either the non-
substate or potential substate category

• Termed ‘categorical enrichment’

Model Build/Selection/Validation

Deployment and Usage
Monolayer cell model over-
expressing human PgP
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AI/ML Approaches Extending Beyond Prediction of 
Individual ADME Parameters Into Integrative Analysis 

Innovations in new AI/ML 
algorithms and approaches such as 
neural net technologies can enable 
better prediction of ADME 
endpoints directly from chemical 
structure, opening the possibility to 
using them in modeling and 
simulation of things like dose, 
exposure and regimen

Chou, W.C. and Lin, Z., 2023. Machine learning and artificial intelligence in physiologically based pharmacokinetic 
modeling. Toxicological Sciences, 191(1), pp.1-14.



Future state of ADME data science – automation of model predictions for 
efficacy and toxicity endpoints – prediction of therapeutic index at the 
synthetic design stage

MRL AI/ML Computational Chemistry

Integrative Translational 
Pharmacometrics Models

Prediction of safe low dose molecules devoid of 
dangerous side effects and drug-drug interactions

WHAT MOLECULES TO 
MAKE AND TEST?
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NOVEL HUMAN MICROPHYSIOLOGICAL 
SYSTEMS (MPS) AND THEIR USE IN ADME
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Human Cellular, Microphysiological and Organ-on-a-Chip Technologies 
Identified by the FDA as Being Critical to Developing Animal Alternatives
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Why do we need animal alternatives?

Fabre, K., et al. 2020. Lab on a Chip, 20(6), pp.1049-1057.
Sneddon, L.U., et al. 2017. Considering aspects of the 3Rs principles within experimental animal 
biology. Journal of Experimental Biology, 220(17), pp.3007-3016.

• Human drug toxicity is not always predicted by in vivo animal studies
• Rodents predicted ~43% of human toxicities
• Non-rodent species (dog, monkey) predicted ~63%

• There have been several in vitro formats referred to as 
‘Microphysiological Systems MPS’ including
• 3D spheroids static co-cultures, static micropatterned/printed, single/multiorgan 

on chip

• In support of the 3R’s principals - replacement, reduction, and 
refinement of animals used in research, teaching, testing, and exhibition

• MPS models will enable the testing of candidate drugs in human relevant 
in vitro systems prior to in vivo studies (non-clinical or clinical)
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Microphysiological Systems in 
ADME

• Static and flow through 
microphysiological systems 
models are being 
developed for human liver, 
blood-brain-barrier, 
kidney, gut and heart

• Complex 3D multicellular 
architecture resembling in 
vivo anatomy/histology

Fowler, S., et al. 2020. Lab on a Chip, 20(3), pp.446-467.
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Development of Flow-Through Gut-on-a-Chip Models 

Kasendra, M., et al. 2018. Development of a primary human Small Intestine-on-a-Chip using biopsy-derived organoids. Scientific reports, 8(1), p.2871.

Allows for experiments on bioavailability, 
gut wall metabolism/catabolism and 
pharmacology in the gut
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Microphysiological Models Attempting to Recapitulate the Complex 
Biology and Anatomy of the Human Blood Brain Barrier

McConnell, H.L., et al. 2017. The translational significance 
of the neurovascular unit. Journal of biological 
chemistry, 292(3), pp.762-770.

Kurosawa, T., et al. 2022. Construction and functional evaluation of a three-dimensional 
blood–brain barrier model equipped with human induced pluripotent stem cell-derived brain 
microvascular endothelial cells. Pharmaceutical Research, 39(7), pp.1535-1547.
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It is all very exciting, but what is the hold up?
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Scientists working in ADME have a whole new set of challenges but with 
new tools and technologies to enable translation and problem solving

Established Mechanistic Core ADME 
Sciences/Toolkits of Today

Advances in protein 
engineering and fusion 
design of novel 
biologics

Developments 
in AI/ML

Novel
Microphysiological 
systems (MPS)
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