
1 – Introduction/Objectives 
 

Defining safe and pharmacologically meaningful doses for clinical studies at Entry Into Human 

(EIH) strongly relies on human PK projections. These are based on pre-clinical PK and other 

information for the molecule and to some extent inference from similar molecules. Here, we 

present the results of a review of the methodology and the success of model-based prediction of 

exposures for EIH studies with therapeutic proteins in Roche pRED (Pharma Research Early 

Development) between 2004 and 2016. The therapy areas represented in this group of molecules 

and the study designs employed are shown below. 

 

 

4.2 – Results: Overall Quality of Prediction 
 
More than 80% of the predictions of Cmax and roughly 55% of predictions of AUC were found 

within 2-fold of observations. In seven of the 10 cases where a linear model was used this was 

found to be adequate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Each compound represented by one color 

 Each cohort represented by one bubble, size corresponding to cohort size 

 When more than one prediction was available,  the more conservative prediction was used 
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2 – Methods 
 

Information on models for human PK prediction was systematically collected for all 21 Roche 

pRED-sponsored monotherapy projects with therapeutic proteins achieving EIH between 2004 and 

2016. Where a prediction model was available prior to EIH, its quality was assessed based on Cmax 

and AUC. For this, the reported models were implemented in Berkeley-Madonna and simulations 

run reflecting the design of the clinical studies. Predictions were considered adequate when they 

were within 2-fold of the averaged observed values (NCA) for >90% of the size-weighted cohorts. 

Where several prediction scenarios were used in parallel, the model predicting the higher exposure 

was used for comparison with observations. 

4.3 – Results: Case Examples of Human PK Prediction 
 

4.1 – Results: Prediction Methodology Applied 
 

5 – Conclusions 
 
This systematic review of model predictions for human PK predictions for therapeutic proteins 

shows that the relatively simple allometric scaling from the PK in non-human primates provides 

useful and robust projections for the planning of EIH studies. Challenges, where they appeared, 

were most often related to the TMDD and its projection, exacerbated by the very low doses used in 

some studies with compounds for cancer immunotherapy. This underlines the need in developing 

robust methods to improve confidence in mechanistic and/or physiologically based models for 

human PK prediction. 

Case 1: Linear PK well predicted and in 

line with typical mAb PK 

Case 2: TMDD prediction using Vmax-KM 

model, bracketed by two scenarios 

Case 3: Low-dose prediction for a high-

clearance molecule 

Case 4: Apparent TMDD not anticipated 

by (linear) prediction model 

Case 5: Challenging prediction of complex 

PK at very low doses 

Case 6: Atypical (albeit linear) mAb PK 

bracketed by two prediction scenarios  

typical mAb 

typical mAb 

3 – Background on Prediction Methodology 
 

PK prediction was generally performed by allometry based on PK in cynomolgus monkeys. This 

approach is consistent with that described in recent publications [1-6]. 
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Model Type. Models for human PK prediction 

were available in 18 of the 21 projects 

investigated. 10 of the 18 models were linear 2-

comparment models. Another 5 models 

captured the impact of TMDD by a scaled 

Vmax-KM model. In the remaining cases more 

complex models were used.  

 

Allometry. Models were built on PK from 

cynomolgus monkeys and allometrically scaled 

using fixed exponents. Exponents for clearance 

have evolved over time from 0.75 to 0.85. In 

several cases two parallel prediction scenarios 

were used to bracket the prediction; this 

included one case in which the PK of a typical 

monoclonal antibody was used.  

 

TMDD. Linear PK was observed in human in 7 

of 10 cases where a linear model was used. 

TMDD was confirmed in human in all 8 cases 

where it was predicted. In 3 cases, TMDD was 

observed where a linear model was used; in 2 

other cases TMDD was seen to be significantly 

stronger than predicted by the model. 

Cynomolgus monkey was cross-reactive in all 

cases where TMDD was observed in human. 

PK Model. Linear 2-compartment models are 

usually the backbone of PK models fitted to the 

PK from cynomolgus monkey and scaled to 

human. TMDD is then often captured by a 

concentration-dependent clearance (𝑉𝑚𝑎𝑥-𝐾𝑀). 

 

Allometry. Simple body-weight proportionality 

is assumed for volumes. Clearances are scaled 

with an exponent 𝑏. Where TMDD is modeled 

as 𝑉𝑚𝑎𝑥 -𝐾𝑀-model, 𝐾𝑀  is assumed invariant 

between species while 𝑉𝑚𝑎𝑥 𝐾𝑀  is scaled as a 

clearance. 

 

𝑽𝒄𝒆𝒏 ⋅ 𝑪𝒄𝒆𝒏 = −𝐐 ⋅ 𝑪𝒄𝒆𝒏 − 𝑪𝒑𝒆𝒓  − 𝑪𝑳 ⋅ 𝑪𝒄𝒆𝒏 −
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