
Key model parameters

Table: Subset of most critical model parameters.

MODEL DEVELOPMENT

CONCLUSIONS

Model fitted to plasma PK and PD

Model fitted to plasma PK/PD data gives confidence in model’s
ability to describe in vivo mAb/Aβ binding profiles.
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All adjustable model
parameters [affinity, Aβ
plasma t1/2, baseline Aβ
plasma conc] fitted
simultaneously to
crenezumab and
solanezumab single dose
data.

Fitted crenezumab
affinity: ≈5 nM.

Fitted Aβ plasma
half-life: ≈20 min.

Fitted baseline Aβ plasma
concentration: ≈80 pM

All other model
parameters fixed to
physiological values.

Numerical precision (%
SE) for all fitted
parameters < 10%.

Objectives: Our goal was to develop a mech-
anistic mathematical model capable of predict-
ing neutralization of multiple Aβ species in the
brain, cerebrospinal fluid (CSF) and plasma
during the course of Alzheimer’s disease therapy
with anti-Aβ monoclonal antibodies (mAbs)
that possess varying PK/PD properties.

Methods: We utilized physiological and bio-
chemical values from the literature and inter-
nal experiments and studies, including in vitro

crenezumab Biacore affinity data (Kd=5 nM for
monomeric Aβ, 0.5 nM for oligomeric Aβ), to
develop a model structure and estimate values
for model parameters. Within the model struc-
ture we include mechanisms that describe mAb
binding to soluble and insoluble Aβ species,
efflux rates of Aβ and the mAb-Aβ complex
from brain to CSF, degradation rates of Aβ
and the mAb-Aβ complex within the brain and
transport of Aβ across the blood brain bar-
rier. Specifically, we consider scenarios in which
the soluble Aβ pool is entirely composed of
monomeric Aβ and scenarios in which the solu-
ble Aβ pool is entirely composed of oligomeric
Aβ and the impact that binding to insoluble
Aβ may have on binding kinetics to each solu-
ble species. Results generated under these sce-
narios are supported by further extending the
model to dynamically simulate the interconver-
sion of soluble monomeric and oligomeric Aβ
species. The model is evaluated by its ability to

recapitulate the observed plasma PK/PD data
from solanezumab [1] and crenezumab [2] clini-
cal studies.

Results: The model was able to describe the
observed plasma PK/PD data following esti-
mation of the baseline plasma Aβ, plasma Aβ
clearance, PK and Kd parameters. The es-
timated in vivo mAb/Aβ binding affinity for
crenezumab is consistent with the in vitro Kd

value (5.7 vs. 5 nM). The impact on the neutral-
ization of soluble Aβ in brain given the affinity
of the mAb to insoluble Aβ pool is also demon-
strated, where, during the first 12 months of
treatment, the insoluble Aβ pool acts as a sig-
nificant sink for mAb at affinities significantly
greater than 5 nM.

Conclusions: Our model generated predic-
tions that yield insight into neutralization of
soluble and insoluble Aβ species in brain dur-
ing anti-Aβ mAb therapy. We also developed
hypotheses regarding mechanisms such as the
potentially significant impact of mAb binding
to insoluble Aβ pools in the brain on overall
mAb/Aβ dynamics.
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Key structural components of model

Key issues addressed by mechanistic model
1 Drug /Aβ binding kinetics and subsequent concentration-time profiles in

brain, CSF and plasma.

2 Impact of insoluble Aβ pool in brain on target engagement profiles.

3 Explicit representation of monomeric and oligomeric Aβ.

4 Note that only key model elements are depicted in this high-level

schematic, e.g., transport of proteins from brain to plasma via the

BBB, degradation of proteins in brain, intercompartment kinetics of

mAb-Aβ complex are all included in full model.
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We consider scenarios in which the soluble Aβ pool
is entirely composed of monomeric Aβ and scenar-
ios in which the soluble Aβ pool is entirely com-
posed of oligomeric Aβ and the impact that bind-
ing to insoluble Aβ may have on binding kinetics
to each soluble species. Results generated under
these scenarios are supported by further extending
the model to dynamically simulate the intercon-
version of soluble monomeric and oligomeric Aβ
species (see example simulations in Figure to left).

Table 1: Key model parameters.
Parameter Units Definition

Kmono
D nM Binding affinity of mAb for soluble monomeric Aβ

K
oligo
D nM Binding affinity of mAb for soluble oligomeric Aβ

K
plaq
D nM Binding affinity of mAb for insoluble plaque Aβ

F brain
syn nanomole/day Synthesis rate of Aβ in the brain (derived)

F
periph
syn nanomole/day Synthesis rate of Aβ in non-brain tissues (derived)

rbr dimensionless Plasma to brain mAb concentration ratio at steady state
Cbrain
mono Aβ nanomole/mL Baseline monomeric Aβ concentration in brain

Cbrain
oligo Aβ nanomole/mL Baseline oligomeric Aβ concentration in brain

in vivo estimated KD for crenezumab binding to soluble
monomeric Aβ (≈5 nM) consistent with in vitro estimates.
Compare to much higher in vitro affinity of crenezumab for
soluble oligomeric Aβ (≈0.5 nM).

Simulations suggest that once binding to plaque has reached
steady state, neutralization of soluble Aβ is strongly
dependent not only on KD, but our assumptions of baseline
target concentration and synthesis rate.

Simulations suggest that concentration of insoluble Aβ
available for binding may impact time to steady state target
neutralization for both soluble and insoluble Aβ.

Total	soluble	brain	Aβ	(nM)		

Soluble	monomeric	brain	Aβ	(nM)	

Soluble	oligomeric	brain	Aβ	(nM)	

MODEL APPLICATIONS
Simulate Aβ neutralization in brain

Relationship between soluble Aβ neutralization, dose and affinity. Plaque binding is

neglected in these simulations, i.e., assume plaque binding has reached steady-state.
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Binding to soluble oligomeric Aβ (KD=0.5 nM)

KD = 0.5 nM Baseline soluble Abeta conc~8 nM

Baseline soluble Abeta conc~4 nM

Baseline soluble Abeta conc~2 nM

Baseline soluble Abeta conc~0.8 nM

Baseline soluble Abeta conc~0.08 nM
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Unbound soluble monomeric brain Aβ vs. Dose
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Binding to soluble monomeric Aβ (KD=5 nM)

KD = 5 nM Baseline soluble Abeta conc~8 nM

Baseline soluble Abeta conc~4 nM

Baseline soluble Abeta conc~2 nM

Baseline soluble Abeta conc~0.8 nM

Baseline soluble Abeta conc~0.08 nM

Impact of plaque on oligomeric Aβ neutralization in brain

Plaque has potential to act as a significant sink for drug if number of insoluble Aβ
binding sites able to interact with drug is high and affinity of drug for plaque is high
relative to affinity of drug for soluble oligomeric target (left-hand panel, black curve).
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Binding to soluble oligomeric Aβ (KD=0.5 nM) Binding to soluble oligomeric Aβ (KD=0.5 nM)

Limiting case simulated: assume
soluble Aβ is 100% monomeric.

Limiting case simulated:
assume soluble Aβ is 100% oligomeric.

Limiting case simulated:
assume soluble Aβ is
100% oligomeric.

Limiting case simulated:
assume soluble Aβ is
100% oligomeric.

solanezumab	plasma	PK/PD	data	from	Uenaka	2012	


