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Calibration of the QSP model for tau 

This section addresses the calibration of the uptake parameters of tau into the afferent neuronal 

compartment. This calibration is based on in vitro cell culture experiments, and we assume that 

monomeric tau is taken up by the same processes as seed-competent or oligomeric tau. 

Fig. S1 shows the similarity between experimentally determined uptake of fluorescent 

oligomeric tau in human IPSC neurons as a function of time and for different starting 

concentrations [1]. 



 

Fig. S1. Calibration of the QSP model to experimental in vitro data. Uptake of fluorescently 

labelled tau oligomers in hIPSC cells is modelled to derive uptake parameters. Open symbols are 

experimentally determined values from fluorescent intensity, and closed symbols are predicted 

model outcomes. 

The study in Fig. S2 used primary rat neuronal cultures to which tau-enriched brain 

extracts from patients with Alzheimer’s disease (AD), progressive nuclear palsy (PSP) and 

cortico-basal degeneration (CBD) were added [2]. Aggregated tau complexes are detected using 

immunofluorescence. 



 

Fig. S2. Calibration of tau QSP model uptake parameters to experimental data from 

internalization of brain extracts. The model is applied to tau-enriched brain extracts from AD 

and PSP patients in rat primary neuronal cultures to derive appropriate uptake parameters. AD-

150: 150 ng tau; AD-450: 450 ng tau, CBD-150: 150 ng tau, PSP 1-1.50 ng tau, PSP 1-15: 15 ng 

tau, PSP 1-150: 150 ng tau, PSP 1-450: 450 ng tau [2] 

Table S1. Parameters of the model fitting. Experimental observations of in vitro datasets for 

uptake of different forms of seed-competent tau (brain extracts from AD, PSP and CBD) [2] and 

fluorescent tau oligomers [1]. 

Parameter AD CBD PSP 

Receptor Concentration (nM) 10000 10000 10000 

Recovery Rate of Receptors (per min) 1 1 1 

Affinity of monomeric tau with receptor (nM) 800 800 800 

Affinity of seed-competent tau with receptor 

(nM) 40 40 0.3 

Absorption Rate (per min) 0.01 0.01 0.01 

 



Calibration of the QSP model for a-synuclein 

Fig. S3 shows the fitting of the model for uptake of fluorescently labelled preformed fibrils 

(PPF) of a-synuclein in primary neuronal cultures [3]. 

 

Fig. S3. Calibration of the QSP model for a-synuclein oligomers. Uptake of fluorescently 

labelled a-synuclein oligomers in hIPSC cells is modelled to derive appropriate values. The X-

axis is in nM, and the Y-axis is in A.U. 

The best fit was obtained for an absorption rate of 0.5 nM/hr, a receptor density of 10,000 

nM and an affinity of PFF a-synuclein of 800 nM for the postsynaptic receptors. 

 

PBPK models for antibodies 

In this section, we describe the plasma PK profiles of the different antibodies with the PBPK 

model, resulting in the following calibration 



 

Fig. S4. PK profile of Gosuranemab. Different doses of gosuranemab from the observed Phase 

1 study [4] are fitted to derive appropriate PK parameters. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics. 



 

Fig. S5. PK profile of Tilavonemab. Different doses of tilavonemab from the observed Phase 1 

study [5] are fitted to derive appropriate PK parameters. Symbols are experimentally determined 

plasma levels; full lines are predicted values. The model fit does not predict the first days very 

well, but the fit is significantly better for the later time points, as they drive the accumulated 

pharmacodynamic effect on tau dynamics. 
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Fig. S6. PK profile of Semorinemab. Different doses of Semorinemab from the observed Phase 

1 study [6] are fitted to derive appropriate PK parameters. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics. Note that we additionally fitted a 

subcutaneous formulation of the same drug. 



 

Fig. S7. PK profile of Prazineuzumab. Different doses of prazineuzumab from the observed 

Phase 1 study [7] are fitted to derive appropriate PK parameters. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics. 



 

Fig. S8. PK profile of Cinpanemab. Different doses of Cinpanemab from the observed Phase 1 

study [8] are fitted to derive appropriate PK parameters PK profiles. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics.  

 

Table S2. List of parameters after fitting the PK profiles. Koff-FcRn is the off-rate of the 

antibody from the FcR; sigma BCSFB is the dimensionless reflection coefficient at the Brain-

CSF barrier, sigma_Tv is the tissue vascular reflection coefficient. 

Antibody koff_FcRn 

(1/hr) 

sigma_BCSFB 

(dimensionless) 

sigma_Tv 

(dimensionless) 

Reference to PK profile 

Gosanerumab 20.7 0.99749 0.9845 [4] 



Tilavonemab 7.47 0.9973 0.99 [5] 

Semorinemab 12.98 0.9973 0.98 [6] 

Cinpanemab 8.13 0.999 0.999 [8] 

Prazineuzumab 21.3 0.999 0.843 [9] 

 

Accessibility of the antibodies to the synaptic cleft 

A major challenge for any anti-tau or anti-aSyn antibody to impact the pathological trajectory is 

the accessibility of the antibody to the synaptic cleft, a very restricted space. The antibody first 

diffuses through the brain parenchyma, a dense collection of various cell types where the 

extracellular space (usually between 15 and 20% of the brain volume) consists of aqueous 

channels with a diameter of 65 nm [10]. The diffusion of molecules can be described by the 

tortuosity l. 

Diffusion in the parenchyma is inversely proportional to the square of the tortuosity, 

which has been measured as 6.0 for an IgG antibody, at least in tumour tissue [11], reducing 

diffusion by a factor of 36. The effective diffusion can be further reduced substantially by 

binding of the antibody to nontarget sites, such as FcgR on activated microglial cells. This is 

especially important for IgG1 antibodies. For example, effective diffusion for lactoferrin and 

transferrin (both 80 kDa) differs by an order of magnitude as lactoferrin binds extensively to 

HSPG [12]. 

We first estimated the diffusion coefficient for diffusion in and out of a synaptic cleft 

with typical dimensions of 100,000 nm2 surface and 20-40 nm wide [13] using the equation 

 



where [T] and [Ab] are the tau and antibody concentrations, respectively, and Kd is the affinity 

of the antibody for tau. Together with the impact of tortuosity, the results suggest that D*eff is 

between 0.1 and 0.8% of Deff. This has a substantial impact on the diffusibility of the 

therapeutic antibody. 

Using the Equation x2 = 6Dt, with Deff = 58*10^-8 cm2/sec [14] for an IgG antibody in 

aqueous solution, the spatial extension after a single pulse at t = 0 will be 10-11-fold lower when 

considering the reduced diffusion coefficients. After 1 month, the spatial distance covered by the 

pulse was reduced from 19 mm to 1.8 mm. 

In addition, IgG1 antibodies can bind to FcyR on microglia and be eliminated before they 

reach the synaptic cleft. The concentration profiles follow the Equation C/C0 = Exp(-

x*SQRT(K2/D)) [14]. When applying this formula, it turns out that over the first 60 µm (the 

average distance between the vascular compartment and neurons) doubling the clearance rate of 

antibody results in a five-fold lower concentration. 

 

Gosuranemab in AD study 

Gosuranemab was tested in an AD population for 52 weeks at a dose of 2100 mg [15]. The drug 

achieved substantial CSF-free Tau decreases (0 to 98%). The trial was halted due to futility. 

A         B 

 



Fig. S9. Gosanerumab in Alzheimer’s disease. (a) Effect of gosuranemab on free CSF Tau. (a) 

in different compartments and synaptic cleft seed-competent tau (B) for a 52-week study at 60 

mpk Q4 W in AD patients. The original pharmacology where the affinity for monomeric and 

seed-competent tau is identical (20 pM) leads to an almost full depletion of free CSF and ISF 

monomeric and seed-competent tau but almost no change in synaptic cleft monomeric and seed-

competent tau. (b) The effect of gosuranemab on neuronal seed-competent au uptake is very 

limited (0.3% reduction at the highest dose). 

The simulations indeed show the large difference in target engagement between the 

different compartments. When calculating the area under the curve (AUC) over the whole 

treatment period for uptake of seed-competent tau in neurons – which takes into account drug 

exposure and PK profile), gosuranemab reduces this outcome by only 1.5%. Simulating a 

hypothetical dose of 8100 mg results in a 24% decrease for gosuranemab, up from 3%. 

 

Sensitivity analysis of the ISF to the synaptic cleft flow rate factor 

Here, we explore the effect of the ISF on the synaptic cleft flow rate factor over a range of 0.1 to 

1 L/hr on the antibody-mediated reduction in neuronal uptake of seed-competent protein. The 

simulations suggest that increasing the fraction of antibodies reaching the synaptic cleft tenfold 

has a smaller impact (between 4- and 6-fold for anti-tau antibodies and between 5 and 10% for 

anti-Asyn antibodies) on the total reduction in neuronal uptake. 

Table S3. Sensitivity analysis of changes in ISF to SynCleft flow. Impact of changes on the 

reduction of seed-competent tau and PFF aSyn uptake, measured as the area under the curve 

(AUC) and normalized to the placebo case. The simulations suggest that these changes do not 

substantially affect the pharmacodynamic effect of the antibodies on neuronal uptake. 



Trial Flow 0.001 L/hr Flow 0.005 L/hr Flow 0.01 L/hr 
Gosuranemab 60mpk PSP 0.008% 0.06% 0.3% 
Gosuranemab 60mpk AD 0.4% 1.83% 3.79% 
Tilavonemab 60 mpk PSP 0.008% 0.018% 0.021% 
Semorinemab 115mpkAD 0.38% 1.18% 1.28% 
Cinpanemab 50mpk PD 97.6% 99.2% 99.8% 
Prazineuzumab 60mpk PD 80% 97% 99.0% 

Somewhat related to this issue is the half-life of tau when considering diffusion out of the 

synaptic cleft and appearing in the ISF and subsequently in the CSF. We expect this half-life to 

be very long because of (1) the great concentration difference between intraneuronal tau 

(micromolar) and CSF tau (picomolar), (2) the observation that tau uses the synaptic vesicle 

release mechanism [16], (3) the presence of “physical” nanocolumns aligning presynaptic 

hotspots of release with postsynaptic receptors and (4) based on the diffusion coefficient of 40 

µm2/sec [17], the fact that tau molecules can reach the postsynaptic membrane in approximately 

10 usec. 

 

Sensitivity analysis of the affinities of monomeric and seed-competent proteins for the 

postsynaptic membranes 

 

Fig. S10. Changes in affinity of PFF Asyn to postsynaptic receptors. (a) Impact of affinity of 

PFF aSyn for postsynaptic receptors on PFF aSyn uptake reduction by cinpanemab 3500 mg, 

measured as the area under the curve (AUC) and normalized to the placebo case. The data show 



that increasing the affinity from the experimentally determined value of 800 nM leads to 

substantially reduced neuronal uptake with a steep drop for affinities higher than 10 nM. (b) 

Impact of the affinity of cinpanemab for seed-competent aSyn on the reduction in neuronal 

uptake. Lowering the affinity of the antibody for the seed-competent Asyn reduces the effect 

with a steep drop from 2 nM upwards. 

The simulations suggest that the observed effect of aSyn antibodies on neuronal uptake of 

PFF Asyn is heavily dependent upon both the affinity of the PFF aSyn for the postsynaptic 

receptors (threshold affinity higher than 10 nM) and the affinity of the antibody for seed-

competent Asyn (threshold affinity lower than 2 nM). 

In contrast to the case with aSyn antibodies, decreasing the affinity of oligomeric tau to 

its receptors from the experimentally observed 40 nM only marginally improves the reduction of 

neuronal oligomeric tau uptake by Gosuranemab 4500 mg. 

Since anti-tau antibodies also strongly bind to epitopes on monomeric tau, we also 

studied the impact of gosanerumab on neuronal uptake of oligomeric tau as a function of the 

affinity of monomeric tau for postsynaptic receptors. 

 

Fig. S11. Change in affinity of oligomeric tau. (a) Impact on reduction in oligo tau neuronal 

uptake by gosuranemab 4500 mg as a function of the affinity of oligo tau for postsynaptic 

receptors, measured as the area under the curve (AUC) and normalized to the placebo case. The 

data show that decreasing the affinity from the experimentally determined value of 40 nM leads 



to a limited reduction in neuronal uptake. (b) Impact on reduction of oligo tau neuronal uptake 

reduction by gosuranemab 4500 mg as a function of the affinity of monomeric tau for 

postsynaptic receptors. The data show that changing the affinity from the experimentally 

determined value of 800 nM does not affect the subsequent reduction in oligomeric tau uptake. 
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Additional files 

Fig. S1. Calibration of the QSP model to experimental in vitro data. Uptake of fluorescently 

labelled tau oligomers in hIPSC cells is modelled to derive uptake parameters. Open symbols are 

experimentally determined values from fluorescent intensity, and closed symbols are predicted 

model outcomes. 

Fig. S2. Calibration of tau QSP model uptake parameters to experimental data from 

internalization of brain extracts. The model is applied to tau-enriched brain extracts from AD 

and PSP patients in rat primary neuronal cultures to derive appropriate uptake parameters. AD-

150: 150 ng tau; AD-450: 450 ng tau, CBD-150: 150 ng tau, PSP 1-1.50 ng tau, PSP 1-15: 15 ng 

tau, PSP 1-150: 150 ng tau, PSP 1-450: 450 ng tau [2] 

Fig. S3. Calibration of the QSP model for a-synuclein oligomers. Uptake of fluorescently 

labelled a-synuclein oligomers in hIPSC cells is modelled to derive appropriate values. The X-

axis is in nM, and the Y-axis is in A.U. 



Fig. S4. PK profile of Gosuranemab. Different doses of gosuranemab from the observed Phase 

1 study [4] are fitted to derive appropriate PK parameters. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics. 

Fig. S5. PK profile of Tilavonemab. Different doses of tilavonemab from the observed Phase 1 

study [5] are fitted to derive appropriate PK parameters. Symbols are experimentally determined 

plasma levels; full lines are predicted values. The model fit does not predict the first days very 

well, but the fit is significantly better for the later time points, as they drive the accumulated 

pharmacodynamic effect on tau dynamics. 

Fig. S6. PK profile of Semorinemab. Different doses of Semorinemab from the observed Phase 

1 study [6] are fitted to derive appropriate PK parameters. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics. Note that we additionally fitted a 

subcutaneous formulation of the same drug. 

Fig. S7. PK profile of Prazineuzumab. Different doses of prazineuzumab from the observed 

Phase 1 study [7] are fitted to derive appropriate PK parameters. Symbols are experimentally 

determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics. 

Fig. S8. PK profile of Cinpanemab. Different doses of Cinpanemab from the observed Phase 1 

study [8] are fitted to derive appropriate PK parameters PK profiles. Symbols are experimentally 



determined plasma levels; full lines are predicted values. The model fit does not predict the first 

days very well, but the fit is significantly better for the later time points, as they drive the 

accumulated pharmacodynamic effect on tau dynamics.  

Fig. S9. Gosanerumab in Alzheimer’s disease. (a) Effect of gosuranemab on free CSF Tau. (a) 

in different compartments and synaptic cleft seed-competent tau (B) for a 52-week study at 60 

mpk Q4 W in AD patients. The original pharmacology where the affinity for monomeric and 

seed-competent tau is identical (20 pM) leads to an almost full depletion of free CSF and ISF 

monomeric and seed-competent tau but almost no change in synaptic cleft monomeric and seed-

competent tau. (b) The effect of gosuranemab on neuronal seed-competent au uptake is very 

limited (0.3% reduction at the highest dose). 

Fig. S10. Changes in affinity of PFF Asyn to postsynaptic receptors. (a) Impact of affinity of 

PFF aSyn for postsynaptic receptors on PFF aSyn uptake reduction by cinpanemab 3500 mg, 

measured as the area under the curve (AUC) and normalized to the placebo case. The data show 

that increasing the affinity from the experimentally determined value of 800 nM leads to 

substantially reduced neuronal uptake with a steep drop for affinities higher than 10 nM. (b) 

Impact of the affinity of cinpanemab for seed-competent aSyn on the reduction in neuronal 

uptake. Lowering the affinity of the antibody for the seed-competent Asyn reduces the effect 

with a steep drop from 2 nM upwards. 

Fig. S11. Change in affinity of oligomeric tau. (a) Impact on reduction in oligo tau neuronal 

uptake by gosuranemab 4500 mg as a function of the affinity of oligo tau for postsynaptic 

receptors, measured as the area under the curve (AUC) and normalized to the placebo case. The 

data show that decreasing the affinity from the experimentally determined value of 40 nM leads 

to a limited reduction in neuronal uptake. (b) Impact on reduction of oligo tau neuronal uptake 



reduction by gosuranemab 4500 mg as a function of the affinity of monomeric tau for 

postsynaptic receptors. The data show that changing the affinity from the experimentally 

determined value of 800 nM does not affect the subsequent reduction in oligomeric tau uptake. 

  



Table S1. Parameters of the model fitting. Experimental observations of in vitro datasets for 

uptake of different forms of seed-competent tau (brain extracts from AD, PSP and CBD) [2] and 

fluorescent tau oligomers [1]. 

Table S2. List of parameters after fitting the PK profiles. Koff-FcRn is the off-rate of the 

antibody from the FcR; sigma BCSFB is the dimensionless reflection coefficient at the Brain-

CSF barrier, sigma_Tv is the tissue vascular reflection coefficient. 

Table S3. Sensitivity analysis of changes in ISF to SynCleft flow. Impact of changes on the 

reduction of seed-competent tau and PFF aSyn uptake, measured as the area under the curve 

(AUC) and normalized to the placebo case. The simulations suggest that these changes do not 

substantially affect the pharmacodynamic effect of the antibodies on neuronal uptake. 

 
 

 


