
What was known?
• Diabetic retinopathy is characterised by 

retinal non-perfusion (RNP), which, if located 
centrally, can lead to DMI1

• Binding of Semaphorin 3A (Sema3A) to its 
receptor causes angiogenesis dysregulation 
and increased retinal permeability, which may 
be linked to the development of RNP 
in patients with diabetic retinopathy2–4 

• BI 764524, an anti-Sema3A antibody, 
showed good tolerability, safety and early 
pharmacodynamic data in patients with DMI 
in the HORNBILL Phase I/IIa study5

What is new?
• A PKTE model was developed for BI 764524 

that consisted of three connected 
one-compartment target-mediated drug 
disposition (TMDD) submodels in the vitreous 
humour (VH), aqueous humour (AH) and serum 
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Objective
• To develop a pharmacokinetic–target engagement (PKTE) model for BI 764524 based on data from the single rising dose (SRD) and multiple dose (MD) parts of 

the HORNBILL study to support selection of dosing regimens for the Phase IIb study

Methods
• HORNBILL was a two-part Phase I/IIa study of intravitreal 

BI 764524 in US and UK patients with DMI5 

 – Part 1 was non-randomised, open-label and SRD (0.5, 1.0 
or 2.5 mg)

 – Part 2 was randomised, masked, sham-controlled and MD 
(2.5 mg on Day 1 and Weeks 4 and 8) 

• Optional AH samples were collected in the MD part 
(Day 1 and Weeks 8, 16 and 22) in addition to serum samples 
from the SRD part (Days 1 and 4 and Weeks 1, 2, 4, 8 and 14) 
and MD part (Day 1 and Weeks 4, 8, 12, 16 and 22)

• PKTE analysis was performed using NONMEM version 7.5

• The joint-sequential population PK parameters and data (PPPD) 
approach was used to consider the AH data preferentially 
before the serum data were included

• The overall PKTE model structure was based on the retina–VH–AH 
model for ranibizumab developed by Hutton-Smith et al6

• Potential covariate–parameter relationships were evaluated 
using the stepwise covariate model building procedure with 
adaptive scope reduction

Data are shown for the MD part of the study in the PKTE analysis data set. Time points associated with BLQ observations 
were included in the VPC. BLQ values were censored for the observed data and are plotted only for the simulated data.
AH, aqueous humour; BLQ, below limit of quantification; CI, confidence interval; MD, multiple dose; 
PKTE, pharmacokinetic-target engagement; q4w, every 4 weeks; VPC, visual predictive check.

Change in total Sema3A concentration from baseline in the serum (A) and in the AH (B) in participants in the PKTE 
analysis data set, stratified by treatment group. Data points from the same individual are connected by lines. Data are 
presented on a linear scale.
AH, aqueous humour; PKTE, pharmacokinetic-target engagement; q4w, every 4 weeks; Sema3A, Semaphorin 3A.

Solid arrows represent mass balance relationships and rectangles represent compartments. Variables written in blue are 
estimated parameters. Variables written in green are parameters fixed to a value greater than zero, and variables written 
in red are parameters that are not considered and fixed to zero. Variables written in yellow are derived variables based on 
parameter values: S0vit = S0aq · kaq–sys,S/kvit–aq,S; Rin,vit = S0vit · (kdeg,vit + kvit–aq,S); Rin,sys = S0sys · kdeg,sys − S0aq · kaq–sys,S.
AH, aqueous humour; D, free BI 764524; DS, BI 764524–Sema3A complex; kaq–sys,D, first-order elimination rate constant of 
BI 764524 from the AH to the serum; kaq–sys,S, first-order elimination rate constant of Sema3A from the AH to the serum; 
kdeg,aq, first-order Sema3A degradation rate constant in the AH; kdeg,sys, first-order Sema3A degradation rate constant in 
the serum; kdeg,vit, first-order Sema3A degradation rate constant in the VH; koff, first-order dissociation rate constant for 
BI 764524-Sema3A complex; kon, second-order association rate constant for BI 764524 and Sema3A; kvit–aq,D, first-order 
elimination rate constant of BI 764524 from the VH to the AH; kvit–aq,S, first-order elimination rate constant of Sema3A 
from the VH to the AH; kvit,D, first-order elimination rate constant of BI 764524 in the VH; kvit,S, first-order elimination rate 
constant of BI 764524-Sema3A complex(es) in the VH; PKTE, pharmacokinetic-target engagement; Rin,aq, zero-order 
Sema3A production rate in the AH; Rin,sys, zero-order Sema3A production rate in the serum; Rin,vit, zero-order Sema3A 
production rate in the VH; S, free Sema3A; S0aq, Sema3A concentration at baseline in the AH; S0sys, Sema3A concentration 
at baseline in the serum; S0vit, Sema3A concentration at baseline in the VH; SDS, Sema3A-BI 764524-Sema3A complex; 
Vaq,D, volume of distribution of BI 764524 in the AH; Vaq,S, volume of distribution of Sema3A in the AH; VH, vitreous humour; 
Vsys,D, volume of distribution of BI 764524 in the serum; Vsys,S, volume of distribution of Sema3A in the serum; Vvit, volume 
of distribution of BI 764524 and Sema3A in the VH.

Results (cont.)
• The model described:

 – The association and disassociation of BI 764524 with 
one or two Sema3A molecules in the VH, AH and serum

 – The elimination of free BI 764524 (D), free Sema3A (S), 
BI 764524–Sema3A complex (DS) and 
Sema3A–BI 764524–Sema3A complex (SDS) from 
VH to AH and from AH to serum

• Key assumptions in the final PKTE model were:

 – The turnover of all analytes (D, S, DS, SDS) in AH is negligible, 
because the residence time in VH is known to be longer 
than the residence time in AH

 – Only 1:1 (DS) and 2:1 (SDS) bindings are possible

 – Binding of one Sema3A to BI 764524 does not alter the 
binding affinity of the second Sema3A

 – Volume of distribution of BI 764524 and Sema3A in the 
VH (Vvit) equals 4.85 mL

 – Second-order association rate constant for BI 764524 
and Sema3A (kon) equals 0.240 (pmol/L ·day)-1

 – First-order dissociation rate constant for DS (koff) equals 
6.96 day-1

• The stepwise covariate model was performed for the 
base model developed based on all data, and none of the 
parameter–covariate relationships were identified to 
be significant

Model diagnostics
• Visual predictive checks (VPCs) were generated using the 

final PKTE model. One key VPC, shown in Figure 3, indicated 
that the performance of the model was satisfactory in 
predicting longitudinal total BI 764524 concentrations and 
the proportion below the limit of quantification in AH

Figure 3. VPC of total BI 764524 concentrations (A) and 
percent BLQ (B) in the AH vs time since last dose using the 
final PKTE model
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Poster summary
• A model was developed to characterise 

the pharmacokinetics (PK) and target 
engagement (TE) of BI 764524 
after intravitreal administration of 
BI 764524 in adult patients with 
diabetic macular ischemia (DMI) 
using data from the HORNBILL study

• The model provided an adequate 
description of the observed data and 
may be used to support selection of 
dosing regimens for the Phase IIb study

Results
PKTE data
• The number of observations and number of participants in 

the PKTE analysis data set were, respectively:
 – 15 and 7 for the total BI 764524 concentrations in AH
 – 36 and 10 for the total Sema3A concentrations in AH
 – 214 and 32 for the total BI 764524 concentrations in serum
 – 260 and 42 for the total Sema3A concentrations in serum

• An increase in the total Sema3A concentration following 
the BI 764524 treatment was observed in both serum and 
AH (Figure 1), suggesting that the binding of BI 764524 to 
Sema3A protects Sema3A from its natural rapid elimination

 – This indicates drug-mediated target disposition and offers 
an indirect characterisation of TE

Figure 1. Individual observed change from baseline of total 
Sema3A concentration in serum (A) and AH (B) vs time after 
the first dose

Final VH–AH–serum PKTE model
• Using the joint-sequential PPPD approach, a model was first 

developed based on data from AH only, and the estimated 
parameters were fixed when the final PKTE model was 
developed based on all data 

 – The first-order elimination rate constant of BI 764524 
from the VH to the AH (kvit-aq,D) was 0.153 day-1 with a 
relative standard error (RSE) of 40.7%. The first-order 
elimination rate constant of Sema3A from the VH to the 
AH (kvit-aq,S) was 0.788 day-1 with an RSE of 32.2%

 – The Sema3A concentration at baseline in the AH (S0aq) 
was 177 pmol/L with an RSE of 10.5%. The Sema3A 
concentration at baseline in the serum (S0sys) was 248 pmol/L 
with an RSE of 8.41% for the SRD part and 181 pmol/L 
with an RSE of 6.36 % for the MD part

• The final PKTE model consisted of three connected 
one-compartment TMDD submodels describing the PK 
and TE of BI 764524 in the VH, AH and serum (Figure 2)

Figure 2. Schematic of the final VH–AH–serum PKTE model 
for BI 764524

Study limitations
• The joint-sequential PPPD approach used precluded 

covariate analysis for the AH PKTE model, and key parameters 
(i.e. kvit–aq,D and kvit–aq,S) were estimated using limited AH data; 
therefore, any inference drawn based on the final PKTE model 
developed using AH data only should be interpreted 
with caution

• The small size and limited number of observations overall 
is a limitation of this analysis


