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Abstract

INTRODUCTION:Donanemab is anamyloid-targeting therapy that specifically targets

brain amyloid plaques. The objective of these analyses was to characterize the rela-

tionship of donanemab exposure with plasma biomarkers and clinical efficacy through

modeling.

METHODS: Data for the analyses were from participants with Alzheimer’s disease

from the phase 1 and TRAILBLAZER-ALZ studies. Indirect-responsemodelswere used

to fit plasma phosphorylated tau 217 (p-tau217) and plasma glial fibrillated acidic

protein (GFAP) data over time. Disease-progression models were developed using

pharmacokinetic/pharmacodynamic modeling.

RESULTS: The plasma p-tau217 and plasma GFAP models adequately predicted the

change over time,with donanemab resulting in decreased plasmap-tau217 andplasma

GFAP concentrations. The disease-progressionmodels confirmed that donanemab sig-

nificantly reduced the rate of clinical decline. Simulations revealed that donanemab

slowed disease progression irrespective of baseline tau positron emission tomography

(PET) level within the evaluated population.

DISCUSSION: The disease-progression models show a clear treatment effect of

donanemab on clinical efficacy regardless of baseline disease severity.
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1 INTRODUCTION

Donanemab was developed to treat Alzheimer’s disease (AD) based

on the amyloid cascade hypothesis. It is an antibody therapy that

targets amyloid present solely in brain plaques.1 The phase 2 clin-
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ical trial, TRAILBLAZER-ALZ, showed that donanemab can robustly

decrease amyloid plaque levels in participants with early symp-

tomatic AD.2 It is hypothesized that buildup of amyloid plaques

facilitates an increase in (1) tau as measured by plasma phosphory-

lated tau 217 (p-tau217) and neurofibrillary tangles in the brain3,4 and
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(2) neuroinflammation asmeasured by plasma glial fibrillary acidic pro-

tein (GFAP) as a marker for astrocytic activation or proliferation.5

Exploratory post hoc analyses showed that donanemab treatment sig-

nificantly reduced the concentration of plasma p-tau217 and plasma

GFAPcompared to placebo.6 Amyloid plaque removal and these subse-

quent downstream changes that result fromdonanemab treatment are

presumably responsible for the clinical benefits, supporting the amy-

loid cascade hypothesis. In the TRAILBLAZER-ALZ trial, donanemab

resulted in a 32% slowing of clinical decline on the Integrated

Alzheimer’s Disease Rating Scale (iADRS) after 76 weeks compared to

placebo.2

Donanemab dosing decisions for the phase 2 TRAILBLAZER-

ALZ trial and ongoing phase 3 TRAILBLAZER-ALZ 2 trial were

based on the phase 1b trial and pharmacokinetic/pharmacodynamic

(PK/PD) modeling.7 In the population PK analysis, donanemab

serum concentration–time profiles were best described using a

two-compartment model with first-order elimination. In the exposure-

response (amyloid plaque)model, the donanemab serumconcentration

associated with amyloid plaque reduction was found to be 4.43 μg/mL,

and at least 80% of participants maintained serum concentrations

above this threshold. Simulations showed that at least 75% of par-

ticipants reached amyloid plaque clearance (<24.1 Centiloids) by 76

weeks of treatment.8

Here, we further explore the PK/PD of donanemab by char-

acterizing the relationships between (1) donanemab exposure and

amyloid plaque with plasma p-tau217 and plasma GFAP, as well

as (2) donanemab exposure and clinical efficacy based on iADRS

and Clinical Dementia Rating Scale-Sum of Boxes (CDR-SB), and (3)

donanemab exposure-amyloid plaque reduction and clinical efficacy

(on iADRS).

2 METHODS

2.1 Participants and study design

The PK/PD models in these analyses are based on data from

the donanemab phase 1b study (NCT02624778) and the phase 2

TRAILBLAZER-ALZ study (NCT03367403).2,7 Both were randomized,

double-blind, placebo-controlled clinical trials. The phase 1b study

enrolled participants withmild cognitive impairment due to ADormild

to moderate dementia due to AD. TRAILBLAZER-ALZ enrolled partic-

ipants with early symptomatic AD (mild cognitive impairment or mild

dementia due to AD).

Key inclusion criteria include a gradual and progressive change

in memory for at least 6 months, a Mini-Mental State Examina-

tion (MMSE) score of 16–30 for the phase 1 study or 20–28 for

TRAILBLAZER-ALZ, and elevated amyloid level as measured using

florbetapir F 18 scan.2,7 TRAILBLAZER-ALZ additionally required par-

ticipants to meet intermediate tau positron emission tomography

(PET)–based criteria (standardized uptake value ratio [SUVR] of 1.10

to 1.46; or less than 1.10 SUVR with topographic deposition pattern

consistent with advanced AD).2

RESEARCH INCONTEXT

1. Systematic Review: Traditional sources were used to

review the literature (e.g., PubMed). This article builds

upon previously published donanemab studies and the

Alzheimer’s natural disease progressionmodel to charac-

terize the clinical efficacy of donanemab using pharma-

cokinetic/pharmacodynamic modeling.

2. Interpretation: The models in this article indicate that

donanemab decreases levels of the plasma biomarker

p-tau217 and reduces the rate of clinical decline as

measured by cognitive scales. Simulations using themod-

els and identified covariates indicate that donanemab

benefits patients, regardless of baseline tau levels.

3. Future Directions: These models can be used for fur-

ther analyses to simulate the utility of donanemab for the

treatment of Alzheimer’s disease.

Donanemab or placebo was administered via IV injections. In the

phase 1 study, participants received single (10, 20, or 40mg/kg) ormul-

tiple (10 or 20 mg/kg) doses of donanemab for up to 72 weeks.7 In

TRAILBLAZER-ALZ, participants received donanemab every 4 weeks

for up to 76weeks (700mg× 3 followed by 1400mg doses), with blind

dose reductions based on amyloid levels on florbetapir PET.2

All studies were conducted in accordance with Good Clinical

Practice guidelines and the Declaration of Helsinki. All protocols

were approved by the appropriate institutional review board or ethics

committee.

2.2 Consent statement

Written informed consent to participate was obtained from all partici-

pants or their legally authorized representatives or caregivers.

2.3 Biomarker analysis

Amyloid and tau PET scans, plasma p-tau217, and plasma GFAP con-

centrations were collected as described previously.6,9 Amyloid and

tau levels were measured using florbetapir F 18 and flortaucipir F 18

PET scans, respectively. Florbetapir scans were collected at baseline

and weeks 12, 24, 36, 48, and 72 in the phase 1b study or baseline

and weeks 24, 52, and 76 in TRAILBLAZER-ALZ. Flortaucipir scans

were collected at baseline and at week 76 in TRAILBLAZER-ALZ. To

determine the baseline tau level, a previously published AD signature–

weighted neocortical SUVRwith respect to a reference signal intensity

in white matter (Parametric Estimation of Reference Signal Inten-

sity [PERSI]10) was used. Plasma p-tau217 and GFAP levels were

assessed at baseline and at weeks 12, 24, 36, 52, 64, and 76 using a
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custom Simoa-HD-X assay (Quanterix) and the Simoa Neurology 4-

Plex E Advantage Kit (Quanterix), respectively.6

2.4 Clinical assessment

In TRAILBLAZER-ALZ, change in clinical symptoms (cognition and

function) was measured using iADRS and CDR-SB.2 The iADRS is

an integrated assessment of cognition and daily function compris-

ing items from the Alzheimer’s Disease Assessment Scale-Cognitive

subscale (ADAS-Cog13) and the Alzheimer’s Disease Cooperative

Study—instrumental Activities of Daily Living (ADCS-iADL). The total

score ranges from 0 to 144, with lower scores reflecting greater

impairment.11 CDR-SB scores range from 0 to 18, with higher scores

reflecting greater disease severity.12

2.5 Plasma p-tau217 and GFAP model
development

Individual participant–observed longitudinal donanemab exposure

was used in the population PK/amyloid plaque model,8 where it was

found that when donanemab exposure is maintained above a certain

threshold, it resulted in an indirect response (i.e., the effect can be

time-lagged and/or persist over time even in the absence of serum

exposure) of a sustained reduction in amyloid plaque over time, which

then further induced downstream reduction in plasma p-tau217 and

GFAP. Individual participant parameters from the previously reported

final population PK model and the exposure-response amyloid plaque

model8,9 were added to the plasma p-tau217 and plasma GFAP data

sets. Two, separate indirect-response models were used to fit the

plasma p-tau217 and plasma GFAP data over time using mixed-

effects non-linear regression with individual participant data from

TRAILBLAZER-ALZ. Individual participant baseline plasma p-tau217

concentration and estimated rate of plasma p-tau217 formation were

parameters in themodel. Twomodelswere tested topredict theplasma

p-tau217 reduction: a treatment-responsemodel basedondonanemab

dosing and amodel including the impact of change in amyloid levels.

A basic indirect-response model where donanemab treatment

alters the production of plasma GFAPwas used to fit the plasma GFAP

data over time using the FOCEI method. The model was parameter-

ized in terms of individual participant baseline GFAP concentration

and estimated rate of GFAP formation. Individual post hoc partici-

pant parameters from the final population PK and the amyloid plaque

models were added to the GFAP data set to obtain predicted drug con-

centrations and amyloid levels for individual participants. A treatment-

effect model driven by dosing information of donanemab and the

impact of change in amyloid PET (a relative change from baseline) was

evaluated as a predictor, reducing the rate of GFAP formation.

Final model development included covariate selection using a step-

wise forward-inclusion, backward-deletion process. Linear, power, and

exponential covariate relationships were evaluated. The forward-

inclusion and backward-deletion criteria were p < 0.01 and p < 0.001,

respectively. Covariates tested on estimated baseline plasma p-tau217

concentration and treatment effect parameters include entry age,

entry weight, apolipoprotein E (APOE)ε4 carrier status, gender, race,

treatment-emergent anti-drug antibody status, time since onset of

AD symptoms, time since AD diagnosis, and baseline tau PET SUVR.

Covariates tested on the baseline GFAP concentration and treatment-

effect parameters include entry age, gender, entry weight, estimated

glomerular filtration rate (eGFR), baseline tau PET SUVR, and baseline

plasma p-tau217.

Themodelswereevaluatedusing standardgoodness-of-fit plots and

visual predictive checks.

2.6 Disease progression model development

Two disease-progression models were developed with TRAILBLZAER-

ALZ data for CDR-SB and iADRS using an identical approach.

Richard’s logistic model was used to describe the non-linear disease

progression.13 Beta regression was used to account for decreasing

variance in residual error as data approached the boundaries (0–144

for iADRS and 0–18 for CDR-SB).13–15 A treatment-effect model using

the donanemab dosing information was tested. Another model includ-

ing the impact of change in amyloid levels was also tested as described

previously.9

In the final model development, covariates were tested on base-

line score, diseaseprogression, anddrug-effect parameters. Covariates

tested include APOE ε4 carrier status, baseline tau level, age, gen-

der, time since onset of AD symptoms, time since AD diagnosis, and

baseline C-reactive protein level. In addition, the influence of anti-

drug antibodies (ADAs) was tested on the treatment-effect term of

the model but was not significant. Subsequently, a power calculation

was conducted to explore the degree of effect that could be detected

with the current data set, utilizing all available titer data, assuming the

impact on treatment effect decreasedwith the log of the titer in a linear

fashion. The parameter associated with the change in treatment effect

with log(titer) was simulated as either 0.05 or 0.15. This analysis was

conductedwithonly the iADRSmodel, as thiswas theprimaryendpoint

for the study.

A stepwise forward-inclusion, backward-deletion process was used

to select covariates. Linear, power, and exponential covariate rela-

tionships were evaluated. Forward-inclusion and backward-deletion

criteria were both p< 0.01.

The model was evaluated using standard goodness-of-fit plots and

visual predictive checks.

3 RESULTS

3.1 Participants

The data sets used in the population pharmacokinetic analyses

included participants from the phase 1 or the phase 2 (TRAILBLAZER-

ALZ) clinical trials assessing donanemab.2,7 Participants with mild
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TABLE 1 Baseline participant characteristics.

Characteristic PK Plasma biomarkers iADRS and CDR-SB

Treatment, n (%)

Donanemab 177 111 (50.5) 131 (51.2)

Placebo 0 109 (49.5) 125 (48.8)

Mean age, years (range) 74.4 (54, 88) 75.2 (61, 86) 75.1 (61, 86)

Meanweight, kg (range) 73.2 (40.3, 123) 73.9 (42.7, 123.1) 73.6 (42.7, 123.1)

Mean bodymass index, kg/m2 (range) 26.3 (15.9, 44.2) 26.4 (15.9, 44.2) 26.4 (15.9, 44.2)

Gender, n (%)

Men 86 (48.6) 109 (49.5) 124 (48.4)

Women 91 (51.4) 111 (50.5) 132 (51.6)

Race, n (%)

White 153 (86.4) 206 (93.6) 242 (94.5)

Black 7 (4.0) 8 (3.6) 8 (3.1)

Asian 14 (7.9) 3 (1.4) 3 (1.2)

American Indian or Alaska Native 2 (1.1) 2 (0.9) 2 (0.8)

Other 1 (0.6) 1 (0.5) 1 (0.4)

Hispanic Origin, n (%) 7 (4.0) 7 (3.2) 8 (3.1)

APOE ε4 Status

Carrier 132 (74.6) 153 (69.5) 187 (73.0)

Noncarrier 45 (25.6) 66 (30.0) 68 (26.6)

Unknown 0 1 (0.5) 1 (0.4)

Abbreviations: APOE ε4, apolipoprotein E ε4 allele; CDR-SB, Clinical Dementia Rating-Sum of Boxes; iADRS, Integrated Alzheimer’s Disease Rating Scale; n,
number of participants; PK, pharmacokinetics.

cognitive impairment or mild to moderate dementia due to AD were

included in these trials. Summaries of participant baseline characteris-

tics for eachmodel are presented in Table 1.

3.2 Plasma p-tau217 reduction model

A treatment-effect model and a model including the change in amy-

loid plaque level were developed to evaluate the change in plasma

p-tau217 concentration following donanemab treatment. Data from

participants in TRAILBLAZER-ALZ were included in the data set. The

23.4-point difference in objective function value indicated that the

change in amyloid plaque concentrations better predicted the change

in plasma p-tau217 concentration compared to the treatment-effect

model. The parameters of the final model are presented in Table 2.

As reported previously, there was a statistically significant associ-

ation between baseline tau PET SUVR and baseline plasma p-tau217

concentration (p < 0.001).6 Higher baseline plasma p-tau217 con-

centrations were associated with higher baseline tau PET SUVR.

Therefore, baseline tau PET was included as a covariate in the plasma

p-tau217 reductionmodel.Noneof theother covariates testedmet the

inclusion criteria.

A comparison of the observed plasmap-tau217 concentrationswith

the modeled data suggests the model adequately describes the data

(Figure S1). There was a small number of samples with high con-

centrations, which widens the 95th percentiles for both placebo and

treatment groups. The treatment effect is observed in all quartiles

of baseline plasma p-tau217 (analyzed as a continuous variable), sup-

ported by the observation that the estimates of between-participant

variability between baseline plasma p-tau217 and treatment effect are

not correlated.

3.3 Plasma GFAP reduction model

An indirect-responsemodelwas found to adequately describe the time

course of plasma GFAP concentrations in placebo- and donanemab-

treated participants. The final model parameters are found in Table 2.

A treatment-effect model driven by donanemab-dosing information as

well as amodelwheredonanemab treatmentdecreasedamyloid load (a

relative change frombaseline) and reduced the rate of GFAP formation

described the data well. Although there was no statistically significant

decrease in objective function with the latter model, it was selected as

final due to the known positive correlation between amyloid load and

plasma GFAP.16 Statistically significant associations between age and

body weight with baseline GFAP were identified (p < 0.001). No other

covariates testedmet the inclusion criteria for the final model.

A visual predictive check suggests that the model adequately

describes the data (Figure S1). A bootstrap analysis suggests that the

parameters are well estimated (Table 2).
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TABLE 2 Parameter estimates for plasma biomarker models.

Plasma p-tau 217model PlasmaGFAPmodel

Parameter

Basemodel

Populationmean

(95%CI)a

Final model

Populationmean

(95%CI)a

Basemodel

Populationmean

(95%CI)a

Final model

Populationmean

(95%CI)a

Kin (U/mL/h) 0.000372

(0.000247, 0.000613)

0.000355

(0.000237, 0.000584)

0.0017

(0.00103, 0.00259)

0.00179

(0.00099, 0.00250)

Baseline p-tau217 concentration (U/mL) 0.389

(0.376, 0.403)

0.384

(0.372, 0.396)

- -

Baseline GFAP concentration (U/mL) - - 201

(188.4, 212.2)

201

(193.3, 212.0)

Effect of amyloid reduction on Kin 0.273

(0.236, 0.315)

0.274

(0.231, 0.319)

–1.17

(–2.113, –0.673)

–1.17

(–2.31, –0.75)

Covariate effect on baseline plasma concentration

Effect of baseline tau PET SUVRb - 0.966

(0.671, 1.27)

- -

Effect of baseline agec - - - 0.0180

(0.0106, 0.0251)

Effect of baseline weightd - - - –0.50

(–0.70, –0.294)

Interindividual variability CV% (95%CI)e

Baseline p-tau217 concentration (U/mL) 26.0%

(23.2, 28.6)

23.4%

(20.6, 25.6)

- -

Baseline GFAP concentration (pg/mL) - - 36.9%

(33.4-40.2)

33.7%

(30.1-38.1)

Treatment effect 39.5%

(23.3, 51.2)

38.3%

(21.4, 50.2)

91.9%

(44.0-151.5)

91.1%

(33.3-154.6)

Residual unexplained variability

Proportional 18.6%

(16.8, 20.5)

18.6%

(16.9, 20.7)

17.9 %

(16.9-19.4)

17.9%

(16.7-19.3)

Abbreviations: BTAUSUVR, baseline tau PET SUVR; CI, confidence interval; CV, coefficient of variation; Kin, p-tau217 synthesis input rate; PET, positron

emission tomography; SUVR, standardized uptake value ratio.
a95%CI from bootstrap.
bTypical logit for baseline p-tau217 concentration = 0.384* (1 + 0.966*[BTAUSUVR-1.2]), where BTAUSUVR is baseline tau PET SUVR (mean, CV%: 1.22,

9.68%).
cEffect of age on baseline is (1+0.0183*[age-75]).
dEffect of weight on entry on baseline is (WT/72.2)–0.50.
eInter-individual variability was calculated using the following equation for log-normal distributions of the random effects %CV = 100 ×

√
(eOMEGAN − 1), or

normal distribution of random effects of%CV = 100 ×
√
eOMEGAN , whereOMEGAN is the variance of the parameter.

3.4 Disease-progression model

Disease-progression models were developed to describe the relation-

ship between donanemab treatment and disease progression as mea-

sured by iADRS andCDR-SB. The data set used formodel development

came fromparticipants enrolled in TRAILBLAZER-ALZwith intermedi-

ate tau levels. TheRichard’s logisticmodel adequately described iADRS

and CDR-SB data (Figures S2 and S3). The parameters of the final

model are presented in Table 3. The shape parameter in the iADRS

model could not bewell estimated so itwas fixed to a value of 7.25. This

estimate was based on a previously developed disease-progression

model using placebo data frommore than 2400 participants.17

Several covariates impact baseline disease status and disease pro-

gression. Regardless of whether the iADRS or CDR-SB scale were

used, APOE ε4 carrier status was identified as a significant covari-

ate on disease-progression rate. Covariates identified on the baseline

score were age and baseline tau for the iADRS scale and the effect of

time from diagnosis on the CDR-SB. Covariates identified in disease-

progression rate were age and baseline tau SUVR on CDR-SB. Men

had significantly higher baseline iADRS scores. Although the effectwas

statistically significant, it was not clinically relevant, with a small dif-

ference in gender covariance (men vs women). Therefore, it was not

included in the final model. There was no significant effect between

gender and baseline CDR-SB scores or disease-progression rates. In

the power calculation conducted to determine the degree of ADA

effect, at the 0.05 change in treatment effect, the power to detect

the change was 19% at α = 0.05 and 10% at α = 0.01. At the 0.15

change in treatment effect, the power to detect the changewas 92% at
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TABLE 3 Parameter estimates for final disease progressionmodels.

iADRS CDR-SB

Parameter Estimate (%SEE) Bootstrap (95%CI) Estimate (%SEE) Bootstrap (95%CI)

Baseline scorea 108 (2.64) (107, 110) 3.13 (2.73) (2.90, 3.35)

Disease-progression rate (week–1) 0.00346 (4.48) (0.00287, 0.00399) 0.00517 (6.44) (0.00452, 0.00636)

Shape factor 7.25 (Fixed) - 3.51 (42.2) (1.50, 13.3)

Residual errorb 144 (4.02) (130, 162) 65.6 (4.01) (59.6, 74.7)

Reduction in rate of disease progression for APOE
ε4 carriers (%)

41.8 (17.4) (19.5, 62.2) 28.6 (39.9) (9.33, 50.1)

Effect of age on baseline scorec 0.0255 (19.6) (0.0156, 0.0350) - -

Effect of age on disease progressiond - - 0.0246 (36.1) (0.00484, 0.0492)

Effect of baseline tau on baseline scorec 1.17 (19.9) (0.716, 1.63) - -

Effect of baseline tau on disease progressiond - - 1.33 (32.2) (0.377, 2.44)

Effect of time from diagnosis of Alzheimer’s

disease on baseline scoree
- - 0.112 (29.1) (0.0634, 0.176)

Population variability in the baseline score (%CV) 44.3 (9.22) (39.0, 49.0) 61.7 (9.55) (56.1, 67.7)

Abbreviations: AADIAG, time from diagnosis of Alzheimer’s disease; APOE ε4, apolipoprotein E ε4 allele; BTau, baseline tau; CDR-SB, Clinical Dementia

Rating-Sum of Boxes; CI, confidence interval; CV, coefficient of variance; iADRS, Integrated Alzheimer’s Disease Rating Scale; SEE, standard error of the

estimate.
aEstimate as back-transformed from the logit scale.
bTau parameter for beta distribution.
cTypical logit for baseline iADRS= –1.06+ 1.17*(BTau–1.2)+ 0.0255*(Age–75.5).
dTypical disease progression for CDR-SB= 0.00517* (1+ 1.33 *[BTau–1.2]) *(1+ 0.0246*[Age–75.5]).
eTypical logit for baseline CDR-SB= –1.56+ 0.112*(AADIAG–0.53).

α = 0.05 and 81% at α = 0.01. For a titer value of 20, this results in a

15% decrease in treatment effect using the 0.05 parameter, and 45%

decrease at the 0.15 parameter. Thus themodel can rule out a substan-

tial effect of ADA on slowing of disease progression associated with

donanemab treatment, but a more subtle effect cannot be excluded.

However, the fact that ADA was significant on PK,8 but that PK was

not significant on iADRS given the high dose level, suggests that ADA is

unlikely to have a clinically meaningful impact on the treatment effect

of donanemab.

In these models, donanemab treatment had a significant effect on

iADRS (p<0.001) andCDR-SB (p<0.05) endpoints.Covariate analyses

for the treatment-effect model of donanemab on disease progres-

sion showed that there was a significant treatment effect modeled for

iADRS (p<0.001, 42% reduction in disease progression rate) andCDR-

SB (p < 0.01, 28% reduction in disease progression rate) in APOE ε4
carriers. In the data set used to develop this model, 187 participants

(73%)wereAPOE ε4 carriers.Within theAPOE ε4 carrier group, 53 par-
ticipants (28%) were homozygous carriers and 134 participants (72%)

were heterozygous carriers and there was no statistically significant

difference in treatment effect between these groups.

Instead of a treatment-effect model driven by the administration of

donanemab doses, a disease-progression model where the impact of

change in amyloid plaque (absolute change, as well as percent change

from baseline) was evaluated as a predictor of disease progression on

iADRS.9 Parameter estimates of this model are presented in Table S1.

Percent change from baseline amyloid level was a significant predic-

tor of disease progression in iADRS. The inclusion of percent change in

amyloid in addition to a treatment effect did not further improvemodel

fit. Therefore, slowing of disease progression as a result of donanemab

administration could be described by either a simple treatment effect

or via change in amyloid level (which is drivenbydonanemabexposure).

3.5 Simulations

Change in plasma biomarker concentration over time with placebo or

donanemab treatmentwas simulatedusing theplasmabiomarkermod-

els based on the change in amyloid (Figure 1). The simulations indicate

that plasma GFAP concentrations continue to increase over time with

placebo. However, with donanemab treatment, both plasma p-tau217

and plasmaGFAP concentrations decrease.

Simulations in APOE ε4 carriers were conducted using the disease-

progression model based on treatment effect to determine the impact

of baseline tau SUVR on disease progression on iADRS and CDR-

SB (Figure 2). The baseline tau range used in this simulation was

based on participants within the intermediate tau range included in

TRAILBLAZER-ALZ (0.99 to 1.46 SUVR). The simulation indicates that

donanemab slowed disease progression regardless of tau level at base-

line. However, participants with higher baseline tau had worse iADRS

and CDR-SB scores at baseline and faster disease progression.

Simulations were conducted using the disease-progression model

based on change in amyloid to examine the rate of disease progression

in APOE ε4 carriers upon cessation of donanemab (Figure 3). Simula-

tions of the percent change frombaseline in iADRS andCDR-SB scores
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(A)

(B)

F IGURE 1 Model-predicted change in plasma biomarker
concentration. Change from baseline simulated for plasma p-tau217
(A) and plasmaGFAP (B) levels with placebo and donanemab
treatment. The shaded areas represent a 95% prediction interval. The
lines represent themedian prediction. Participants were simulated to
follow the dosing treatment regimen as described in theMethods
section. Actual participant titer time courses, weight, age, and baseline
tau PET SUVRwere sampled from the NONMEMdataset. GFAP, glial
fibrillary acidic protein; NONMEM, nonlinear mixed effects modeling;
PET, positron emission tomography; p–tau217, phosphorylated tau
217; SUVR, standarized uptake value ratio.

show that slowing of disease-progression rate compared to placebo is

maintained after stopping donanemab treatment (Figure 3A,B). Using

the disease-progression model, simulations were carried out on the

absolute iADRS scores for placeboand76-weekdonanemab treatment

(Figure 3C), which show that slowing of the disease progression rate

with donanemab treatment results in increasing difference compared

to placebo over time (simulation for 264weeks) (Figure 3D).

4 DISCUSSION

Themodels used in these post hoc exploratory analyses of phase 2 data

were built upon the framework of the previously described popula-

tion PK and donanemab exposure-response (amyloid reductionmodel)

models.8,9 Here, we have shown howmodeling can be used to describe

the relationship between donanemab exposure, AD biomarkers, and

clinical scales measuring cognition and function.

Plasma p-tau217 is elevated in patients with AD.18 We reported

previously that a decrease in plasma p-tau217 was observed following

donanemab treatment in TRAILBLAZER-ALZ.6 Here, twomodels were

evaluated to examine the relationship between donanemab treatment

and plasma p-tau217 concentration. Between a model based on a sim-

ple treatment effect and one based on change in amyloid plaque levels,

the latter better predicted the change in plasma p-tau217. The sim-

ple treatment-effect model, although describing the data, did not offer

understanding on the mechanism behind the observed reduction in

plasma p-tau217. Using the indirect-response model, amyloid plaque

reduction, which can be time-lagged and/or persist over time, affects

the synthesis rate of plasma p-tau217. This supports the hypothesis

that plasma p-tau217 reduction is driven by the reduction in amy-

loid plaque level. This finding is consistent with donanemab’s known

mechanism of action, suggesting that donanemab-induced amyloid

plaque reduction results in further downstream changes and disease

modification. There were no covariates identified that influenced the

relationship between amyloid PET and plasma p-tau217 over time.

However, a statistically significant relationship was identified between

baseline plasma p-tau217 and baseline tau PET SUVR (based on PERSI

reference region), with higher plasma p-tau217 concentrations associ-

ated with higher values of tau SUVR, as published previously.6 These

results indicate that plasma p-tau217 concentrations are higher in

more advanced disease states, suggesting that the decrease in plasma

p-tau217 following donanemab treatment may represent slowing of

disease progression.

Plasma GFAP is associated with AD pathology and has been shown

to predict the progression of cognitive decline.5,19–21 It has also been

reported that plasma GFAP levels decrease as eGFR levels and body

weight increase, whereas plasma GFAP levels increase with age.22

Here we show that an indirect-response model, where donanemab

treatment decreased amyloid load (a relative change from baseline)

and reduced the rate of GFAP formation, described the data well. A

statistically significant relationship was identified between baseline

plasma GFAP and age and weight at entry, with higher plasma GFAP

concentrations associated with older age and lower weight. On for-

ward search there was also a significant relationship between baseline

plasma GFAP and eGFR and baseline p-tau217, but these were not

retained in the final model due to these covariates not meeting the

pre-specified criteria for reducing the between-participant estimate of

baseline plasma GFAP. The baseline disease state was not evaluated as

a covariate and is a limitation of this model, as plasma GFAP levels are

altered early in the disease process.23 These results indicate that base-

line plasma GFAP concentrations are higher in older participants and

are lower in participants with higher weight. Results suggest that the

decrease in amyloid plaque load following donanemab treatment leads

to a reduction in plasmaGFAP.

In the TRAILBLAZER-ALZ trial, change in iADRS was the primary

outcome measure and change in CDR-SB was a secondary clini-

cal outcome.2 The iADRS and CDR-SB disease-progression modeling

approaches tested here compared a model based solely on treatment
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(A)

(B)

F IGURE 2 Model-predicted impact of baseline tau on disease progression in APOE ε4 carriers within the intermediate tau range. Percent
change from baseline in iADRS (A) or CDR-SB (B) score based on tertiles of baseline tau (within the intermediate tau range [0.99–1.46]) simulated
using the disease-progressionmodel based on treatment effect. The shaded areas represent a 95% prediction interval. The lines represent the
median prediction. APOE ε4, apolipoprotein E ε4 allele ; CDR-SB, Clinical Dementia Rating-Sum of Boxes; iADRS, Integrated Alzheimer’s Disease
Rating Scale.

effect with another previously reported disease-progression model

based on change in amyloid plaque level.9 Both models indicate that

donanemab slows the rate of disease progression, and a simulation

up to 264 weeks predicts that donanemab-treated participants will

declinemore slowly thanplacebo-treatedparticipants,with an increas-

ing difference fromplacebo after completion of 76weeks of treatment.

Using the iADRS disease-progression model based on amyloid plaque

reduction, we reported previously that simulating the maximum per-

cent decrease in amyloid plaque level would result in a significant

reduction in the disease-progression rate.9 Here we further use this

model to show that slowing of the disease-progression rate compared

to placebo is maintained after stopping donanemab treatment. This is

possibly due to the slow re-accumulation of amyloid once it has been

removed by donanemab.9 The findings from these disease-progression

models support the amyloid cascade hypothesis. If the buildup of amy-

loid plaques in the brain initiates a series of downstream changes that

result in worsening cognition, then removal of amyloid plaques should

result in slowing of disease progression, as predicted here.
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(A)

(C) (D)

(B)

F IGURE 3 Model-predicted impact of duration of treatment on disease progression using amyloid level as a predictor of disease progression
in APOE ε4 carriers. (A,B) Percent change from baseline in iADRS (A) or CDR-SB (B) score based on duration of treatment using the
disease-progressionmodel based on amyloid level. (C,D) Absolute iADRS score based on duration of treatment (76weeks) (C) and simulation to
264weeks using the disease-progressionmodel based on amyloid level (D). The y-axis is plotted across a different range in panels A and B. The
shaded areas represent a 95% prediction interval. The lines represent themedian prediction. APOE ε4, apolipoprotein E ε4 allele; CDR-SB, Clinical
Dementia Rating-Sum of Boxes; iADRS, Integrated Alzheimer’s Disease Rating Scale.

None of the investigated covariates, including APOE ε4 carrier sta-

tus, were identified as significant factors in the amyloid PET model,8

where the individual-participant predictions of amyloid PET baseline

and overall treatment effect were similar between APOE ε4 carriers

and non-carriers. In the plasma p-tau217 model reported here, APOE

ε4 carrier status was also not identified as a significant factor on base-

line and treatment-effect parameters for the plasma p-tau217 model.

This led to the hypotheses that the lack of clinical effect for APOE

ε4 noncarriers observed may be attributable to several factors, such

as pharmacogenomic differences in treatment response or the rela-

tively fewnoncarriers (68noncarriers) inTRAILBLAZER-ALZ. In fact, in

the larger phase 3 lecanemab trial, the amyloid-targeting therapy was

reported to have a greater clinical benefit to APOE ε4 noncarriers.24

This finding will be evaluated further with data from TRAILBLAZER-

ALZ 2, where the number of noncarriers is expected to be larger

comparedwith TRAILBLAZER-ALZ study.

There were limitations to the development of these models. First,

these results are from post hoc exploratory analyses6,9 and from a

comparatively small number of participants; therefore, results will

need to be confirmed with data from the larger phase 3 trial. In addi-

tionally, the disease-progressionmodelswere built onlywith data from

the TRAILBLAZER-ALZ study, which used a single dosing regimen. This

narrow range of exposures may have prevented characterization of

an informative exposure–response relationship. The model could not

identify a treatment effect in participants who were not APOE ε4 car-

riers. APOE ε4 carriers comprised ≈73% of the participant population.

The inability to detect a treatment effect in APOE ε4 noncarriers may

reflect the difficulty of finding a modest effect in this relatively small

population. Further evaluation of the effect of donanemab in a larger

population of APOE ε4 noncarriers is needed. Furthermore, baseline

tau levels and change in tau as assessed with tau PET was tested as a

covariate in these models and used for stimulations. The tau-inclusion

criteria for TRAILBLAZER-ALZ focuses on the participants with an

intermediate tau level, thereby limiting the dynamic range of the data

set.

The findings from the disease-progression models presented here

show a clear effect of donanemab on clinical efficacy. Simulations

indicate that donanemab slows disease progression regardless of base-

line tau and that slowing of disease progression is maintained after

participants discontinue donanemab treatment.
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