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A large database of pharmacokinetic data for mAbs compiled from the literature

Support early-stage pharmacokinetic predictions of mAbs and FIH trials

Naïve model-based predictions of clinical PK after IV and SC administration

Physiologically Based Predictions of Monoclonal 
Antibody Pharmacokinetics: Insights from a 

Large-Scale Data Analysis 

June 6th, 2025
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Introduction

Monoclonal antibodies and subcutaneous administration 

1. Crescioli S, Kaplon H, Chenoweth A, et al Antibodies to watch in 2023
2. K. P. Martin et al  Trends in industrialization of biotherapeutics: a survey of product characteristics of 89 antibody-based biotherapeutics .Mabs. vol. 15. no. 1. 2023

Therapeutic monoclonal 
antibodies (mAbs)

Background
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The number of approved 
mAbs has been growing 

significantly in recent years1
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IV 56%SC 42%
Intravenous

Subcutaneous

Intradermal

Intramuscular

Almost half of the marketed 
antibodies are administered 

subcutaneously2

Therapeutic monoclonal 
antibodies (mAbs)

Despite longstanding use, many aspects of the bioavailability remain 
poorly understood

Background
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The number of approved 
mAbs has been growing 

significantly in recent years1
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Animal 
SC

Human 
SC

Why ?

Prediction of monoclonal antibodies pharmacokinetics after 
subcutaneous administration 

June 6th, 20253. https://www.fda.gov/news-events/press-announcements/fda-announces-plan-phase-out-animal-testing-requirement monoclonal-antibodies-and-other-drugs
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Animal 
SC

Human 
SC

Why ?

Human 
IV

Human 
SC

Prediction of monoclonal antibodies pharmacokinetics after 
subcutaneous administration 

Establish a model-based strategy for predicting mAbs PK in humans (FIH) 
following SC administration with and without prior data on IV PK

June 6th, 20253. https://www.fda.gov/news-events/press-announcements/fda-announces-plan-phase-out-animal-testing-requirement monoclonal-antibodies-and-other-drugs
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June 6th, 20253. https://www.fda.gov/news-events/press-announcements/fda-announces-plan-phase-out-animal-testing-requirement monoclonal-antibodies-and-other-drugs



10
Introduction

Subcutaneous administration and PBPK modeling  

How ?

June 6th, 2025

Drug Formulation

Physiology 

Species:  
• Disease state 
• Capillary density 
• Lymph flow
• Blood flow

Attraction of macrophages
Encapsulation
Tissue damage
Excipients effects
Administration site 

Diffusion
Release rate

Concentration
Excipient effects

Formulation effects 

Degradation
Off-target binding 

Immunogenicity
Absorption

Administration site

Molecular weight 
Molecular size 
Shape
Charge
Solubility

Aggregation
Injection volume
Injection rate
Viscosity
Stability

SC tissue:  
• Composition 
• Thickness 
• Temperature
• Interstitial pressure 

PBPK 
model for SC 

administration
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4. Adapted from Dubbelboer IR, Sjögren E., 2022, Physiological based pharmacokinetic and biopharmaceutics modelling of subcutaneously administered compounds–An overview of in silico models
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Vascular 
Space 

Interstitial 
Space

Endosomal 
Space

Physiologically based model structure 

Describe the spatial-temporal drug disposition in the SC tissue (3D)

Model elements

• Depot = Injection

• Injection volume 

• Injection rate

• Undissolved drug – particles

• Layers = representing the tissue surrounding the depot

• Dynamic layer sizing to allow for sufficient space

• Geometry: sphere or cylinder

• Dispersion in tissue

• Defined by user

• 1/3 shells may be filled at administration

• Alignment to OSP PBPK structure

• Parameterization and structure

• 2-pore theory for extravasation

• Endosomal clearance/FcRn-binding

𝑫𝒓𝒖𝒈 + 𝐅𝒄𝑹𝒏

𝑫𝒓𝒖𝒈 + 𝐅𝒄𝑹𝒏

𝑫𝒓𝒖𝒈 + 𝐅𝒄𝑹𝒏

Depot

Injection site 

Stack 1

Stack 2

Stack 3

Stack 4

Stack 5

Stack 6

Stack 7

Stack 8

Stack 9

Stack 10

Stack 11
Local Lymph 

Node

Central Lymph 
Node

Plasma From 
Lymph

Organism

Stack n° 

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Layer 6

Layer 7

Layer 8

Layer 9

Lymph flow

Plasma flow
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Subcutaneous absorption model

How ?

June 6th, 20255. Niederalt C et 2018. A generic whole body physiologically based pharmacokinetic model for therapeutic proteins in PK-Sim. J Pharmacokinetics Pharmacodynamics. 2018
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1. In vitro drug properties

2. In vivo IV PK data

3. In vivo SC PK data

Workflow

June 6th, 2025

Establish a model-based strategy for predicting mAbs PK in humans 
following SC administration with and without prior data on IV PK

The construction of a 
reference database used 

for planned modeling 
investigations and 

predictions
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1. In vitro drug 
properties

2. In vivo IV PK 
data

3. In vivo SC PK 
data

June 6th, 2025
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▪ Criteria for bibliographic search:  

o Monoclonal antibody 

o Drug properties

o Population characteristics 

o Linear pharmacokinetics

o IV and SC Data

o Full time-course available

The construction of a reference database used for planned 
modeling investigations and predictions

Database

30 
mAbs with both
IV and SC data

12 
mAbs with

only SC data

50 
mAbs with

IV data

62
Molecules
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1. In vitro drug properties

2. In vivo IV PK data

3. In vivo SC PK data

1. 30 mAbs IV and SC 

2. Individual KdFcRn 
estimation

3. SC prediction
using individual KdFcRn 

Workflow

June 6th, 2025

Establish a model-based strategy for predicting mAbs PK in humans 
following SC administration with and without prior data on IV PK

The construction of a 
reference database used 

for planned modeling 
investigations and 

predictions

Assess the SC absorption 
model to predict mAbs SC 

absorption in the context of 
use for an IV to SC clinical 

switch
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1. 30 mAbs IV 
and SC 

In vitro drug properties

In vivo IV PK data

In vivo SC PK data

Reference IV plasma 
concentration

Drug specific KdFcRn estimation

Systemic disposition

2. Individual 
KdFcRn estimation

3. SC prediction
using individual 

KdFcRn 

Reference SC plasma 
concentration

June 6th, 2025

SC PBPK absorption model

SC PBPK prediction 

Assess the SC absorption model to predict mAbs SC absorption in 
the context of use for an IV to SC clinical switch

IV to SC
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1. 30 mAbs IV 
and SC 

Systemic disposition (IV)

In vitro drug properties

In vivo IV PK data

In vivo SC PK data

Reference IV plasma 
concentration 

Drug specific KdFcRn estimation

Systemic disposition

2. Individual 
KdFcRn estimation

3. SC prediction
using individual 

KdFcRn 

Reference SC plasma 
concentration

SC PBPK absorption model

SC PBPK prediction

June 6th, 2025

Model evaluation 

IV to SC

Assess the SC absorption model to predict mAbs SC absorption in 
the context of use for an IV to SC clinical switch
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1. 30 mAbs IV 
and SC 

SC absorption model
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Model evaluation 

In vitro drug properties

In vivo IV PK data

In vivo SC PK data

Reference IV plasma 
concentration 

Drug specific KdFcRn estimation

Systemic disposition

2. Individual 
KdFcRn estimation

3. SC prediction 
using individual 

KdFcRn 

Reference SC plasma 
concentration 

SC PBPK absorption model 

SC PBPK prediction

June 6th, 2025

Systemic disposition (IV)

IV to SC

Assess the SC absorption model to predict mAbs SC absorption in 
the context of use for an IV to SC clinical switch

Model evaluation 



• 29 of 30 mAbs with model 
predicted AUC and Cmax 
values within the two-fold 
(0.50-2.00) range 
compared to the observed 
data 

19

June 6th, 2025

SC PBPK prediction

Good predictive performance of the SC absorption model in 
the context of a clinical switch from IV to SC

✓ The predictive performance of the SC absorption model for switching from IV to SC administration of mAbs was 
successfully evaluated

3. SC prediction using individual KdFcRn 

IV to SC
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1. In vitro drug properties

2. In vivo IV PK data

3. In vivo SC PK data

The construction of a 
reference database used 

for planned modeling 
investigations and 

predictions

1. 50 mAbs IV 

2. Estimation of the 
reference KdFcRn from 

clinical data

3. Naive PK prediction 
using the reference KdFcRn 

value

Workflow

June 6th, 2025

Establish a model-based strategy for predicting mAbs PK in humans 
following SC administration with and without prior data on IV PK

1. 30 mAbs IV and SC 

2. Individual KdFcRn 
estimation

3. SC prediction using 
individual KdFcRn 

Assess the SC absorption 
model to predict mAbs SC 

absorption in the context of 
use for an IV to SC clinical 

switch

Establish an approach for 
naïve PBPK model-based 
predictions of clinical PK 

of mAbs after IV 
administration



1. 50 mAbs IV 

Establish an approach for naïve PBPK model-based predictions of 
clinical PK of mAbs after IV administration

2. Estimation of the 
reference KdFcRn from 

clinical data

Training 
dataset (35)

IV PBPK 
model building

Drug-specific KdFcRn estimation

Validation 
dataset (15)

IV PBPK model building

21
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Median of the estimated drug-
specific KdFcRn (reference KdFcRn) 

Reference 
KdFcRn

IV PBPK prediction and 
evaluation

70%

30%

Global dataset

Training dataset 35 mAbs

Validation dataset 15 mAbs

KdFcRn IV 

3. Naive PK prediction 
using the reference 

KdFcRn value



1. 50 mAbs IV 

Establish an approach for naïve PBPK model-based predictions of 
clinical PK of mAbs after IV administration

3. Naive PK prediction 
using the reference 

KdFcRn value

2. Estimation of the 
reference KdFcRn from 

clinical data

Training 
dataset (35)

IV PBPK 
model building

Drug-specific KdFcRn estimation

Validation 
dataset (15)

IV PBPK model building
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Median of the estimated drug-
specific KdFcRn (reference KdFcRn) 

Reference 
KdFcRn

IV PBPK prediction and 
evaluation

70%
70%

30%

Global dataset

Training dataset 35 mAbs

Validation dataset 15 mAbs

KdFcRn IV 
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Median of the estimated drug-specific KdFcRn (reference KdFcRn) 

2. Estimation of the reference KdFcRn from clinical data

✓ Distribution of estimated KdFcRn values for the mAbs included 

in the training dataset (median represented as dashed line)
✓ Kd values of binding between Fc domain-containing 

therapeutic proteins and human FcRn7

KdFcRn IV 

6. Suzuki T, al (2010) Importance of Neonatal FcR in Regulating the Serum Half-Life of Therapeutic Proteins Containing the Fc Domain of Human IgG1: A Comparative Study of the Affinity of 
Monoclonal Antibodies and Fc-Fusion Proteins to Human Neonatal FcR

June 6th, 2025



1. 50 mAbs IV 

Establish an approach for naïve PBPK model-based predictions of 
clinical PK of mAbs after IV administration

3. Naive PK prediction 
using the reference 

KdFcRn value

2. Estimation of the 
reference KdFcRn from 

clinical data

Training 
dataset (35)

IV PBPK 
model building

Drug-specific KdFcRn estimation

Validation 
dataset (15)

IV PBPK model building
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Median of the estimated drug-
specific KdFcRn (reference KdFcRn) 

Reference 
KdFcRn

IV PBPK prediction and 
evaluation

70%
30%

70%

30%

Global dataset

Training dataset 35 mAbs

Validation dataset 15 mAbs

KdFcRn IV 



Good predictive performance of the reference KdFcRn value is 
observed when used to predict mAbs PK

25

June 6th, 2025

✓ This median value was considered as a reference value for KdFcRn

• All 15 mAbs with model 
predicted AUC, Cmax, 
and t1/2 values within 
the two-fold (0.50-
2.00) range compared 
to the observed data 

KdFcRn IV 

IV PBPK prediction and evaluation

3. Naive PK prediction using the reference KdFcRn value
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1. In vitro drug properties

2. In vivo IV PK data

3. In vivo SC PK data

The construction of a 
reference database used 

for planned modeling 
investigations and 

predictions

1. 50 mAbs IV 

2. Estimation of the 
reference KdFcRn from 

clinical data

3. Naive PK prediction 
using the reference KdFcRn 

value

Workflow

June 6th, 2025

Establish a model-based strategy for predicting mAbs PK in humans 
following SC administration with and without prior data on IV PK

1. 30 mAbs IV and SC 

2. Individual KdFcRn 
estimation

3. SC prediction using 
individual KdFcRn 

Assess the SC absorption 
model to predict mAbs SC 

absorption in the context of 
use for an IV to SC clinical 

switch

Establish an approach for 
naïve PBPK model-based 
predictions of clinical PK 

of mAbs after IV 
administration

1. Identification of 
variability in SC 

absorption (30 mAbs)

2. 12 mAbs SC 

3. SC PBPK prediction 
using the reference KdFcRn 

and variability SAEM 
estimates

Establish an approach for 
naïve PBPK model-based 
predictions of clinical PK 

of mAbs after SC 
administration



1. Identification of 
variability in SC 

absorption (30 mAbs)

3. SC PBPK prediction 
using the reference 
KdFcRn and variability 

SAEM estimates

2. 12 mAbs SC 

Key process for SC 

Individual fit with SAEM 
(30 mAbs IV and SC) 

Parameter estimates 
from SAEM

27
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SC SAEM

Establish an approach for naïve PBPK model-based predictions of 
clinical PK of mAbs after SC administration

In vitro drug properties

In vivo SC PK

No prior data on IV PK 

Reference KdFcRn 

Variability SAEM  estimates

Naïve SC PBPK prediction

Vascular 
Space 

Endosomal 
Space

𝑫𝒓𝒖𝒈 + 𝐅𝒄𝑹𝒏

Interstitial 
Space

Vascular 
Space 

Endosomal 
Space

𝑫𝒓𝒖𝒈 + 𝐅𝒄𝑹𝒏

Interstitial 
Space
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Key process for SC 
Individual fit with SAEM 
(30 mAbs IV and SC) 

Parameter estimates 
from SAEM

1. Identification of variability in SC absorption (30 mAbs)

✓ In order to integrate variability in the absorption phase, these parameters with their inter-
mAbs variability were estimated using SAEM algorithm coupled with the WB-PBPK model

June 6th, 2025
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Interstitial 
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SC SAEM

Parameter Estimate RSE (%) p-value

Lymph flow proportionality 
factor

0.0075 Fixed -

Rate constant for endosomal 
uptake (1/min)

0.7409 18 -

beta_DOSE (Rate constant for 
endosomal uptake) 

-0.0016 35 0.002

IIV Lymph flow proportionality 
factor (%)

69 23 -

IIV Rate constant for 
endosomal uptake  (%)

75 26 -

Proportional residual error 0.1420 5 -

Additive residual error (µM) 0.0029 6 -

7. Teutonico et al 2024. Estimation of population parameter values and variability coupling non-linear mixed-effects modeling (based on SAEM algorithm) with a whole-body PBPK model. PAGE meeting 32 Abstract 11055
8. Comets et al 2017. Parameter Estimation in Nonlinear Mixed Effect Models  Using saemix, an R Implementation of the SAEM Algorithm. Journal of Statistical Software



1. Identification of 
variability in SC 

absorption (30 mAbs)

3. SC PBPK prediction 
using the reference 
KdFcRn and variability 

SAEM estimates

2. 12 mAbs SC 

Key process for SC 

Individual fit with SAEM 
(30 mAbs IV and SC) 

Parameter estimates 
from SAEM
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SC SAEM

Establish an approach for naïve PBPK model-based predictions of 
clinical PK of mAbs after SC administration

In vitro drug properties

In vivo SC PK

No prior data on IV PK 

Reference KdFcRn 

Variability SAEM  estimates

Naïve SC PBPK prediction
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absorption (30 mAbs)

3. SC PBPK prediction 
using the reference 
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SAEM estimates

2. 12 mAbs SC 

Key process for SC 

Individual fit with SAEM 
(30 mAbs IV and SC) 

Parameter estimates 
from SAEM
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SC SAEM

Establish an approach for naïve PBPK model-based predictions of 
clinical PK of mAbs after SC administration

In vitro drug properties

In vivo SC PK

No prior data on IV PK 

Reference KdFcRn 

Variability SAEM estimates

Naïve SC PBPK prediction
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3. SC PBPK prediction using the reference KdFcRn and variability SAEM estimates

31

Naïve SC PBPK prediction

June 6th, 2025

✓ The absorption falls within the prediction interval for most of the mAbs included in the database 

SC SAEM

• The WB-PBPK model

• The SC absorption module

• Pop WB-PBPK approach for 
parameter estimates and 
inter-mAbs variability 

• Reference value for human 
KdFcRn
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1. In vitro drug properties

2. In vivo IV PK data

3. In vivo SC PK data

The construction of a 
reference database used 

for planned modeling 
investigations and 

predictions

1. 50 mAbs IV 

2. Estimation of the 
reference KdFcRn from 

clinical data

3. Naïve PK prediction 
using the reference KdFcRn 

value

Workflow

June 6th, 2025

Establish a model-based strategy for predicting mAbs PK in humans 
following SC administration with and without prior data on IV PK

1. 30 mAbs IV and SC 

2. Individual KdFcRn 
estimation

3. SC prediction using 
individual KdFcRn 

Assess the SC absorption 
model to predict mAbs SC 

absorption in the context of 
use for an IV to SC clinical 

switch

Establish an approach for 
naïve PBPK model-based 
predictions of clinical PK 

of mAbs after IV 
administration

1. Identification of 
variability in SC 

absorption (30 mAbs)

2. 12 mAbs SC 

3. SC PBPK prediction 
using the reference KdFcRn 

and variability SAEM 
estimates

Establish an approach for 
naïve PBPK model-based 
predictions of clinical PK 

of mAbs after SC 
administration
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This approach provides a PBPK framework for predicting human PK of mAbs based on FcRn affinity, in 

order to support drug development and FIH trials.

The results align well with FDA’s plan to phase out animal testing for mAbs, where it is possible to 

achieve reliable results using modeling and simulations.

Local SC processes, including interstitial retention and endosomal uptake, were identified as key areas 

for further investigation in relation to mAbs properties (formulation, physicochemical parameters).

Further perspectives include the validation with mAbs incorporating specific mechanisms such as 

target-mediated drug disposition (TMDD) and anti-drug antibodies (ADA).

June 6th, 2025

Conclusion
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