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Abstract

Introduction: This study explored the safety and tolerability features of donanemab
(LY3002813) in patients with mild cognitive impairment due to Alzheimer’s disease
(AD) or mild to moderate AD dementia.

Methods: Patients with AD were enrolled into the single-ascending dose phase
and were administered a single, intravenous (IV) dose of donanemab (five dosing
cohorts from 0.1 to 10 mg/kg) or placebo followed by a 12-week follow-up period
for each dose level. After the follow-up period, the same patients proceeded into the
multiple-ascending dose (MAD) phase (five cohorts) and were administered IV doses of
donanemab (0.3 to 10 mg/kg) or placebo approximately once per month for up to four
doses depending on the initial doses (only cohort 1 went from 0.1 mg/kg to a higher
dose of 0.3 mg/kg during the MAD phase). This phase concluded with a 12-week follow-
up period. The relative exposure assessment of an unblinded, single, subcutaneous
3-mg/kg dose of donanemab in patients with AD was also performed, followed by a 12-
week follow-up period. One cohort of healthy subjects received an unblinded, single,
IV 1-mg/kg dose of donanemab. These two cohorts did not continue to the MAD phase.
Results: Donanemab was generally well tolerated up to 10 mg/kg. After single-dose
administration from 0.1 to 3.0 mg/kg, the mean terminal elimination half-life was ~4
days, increasing to ~10 days at 10 mg/kg. Only the 10-mg/kg dose showed changes
in amyloid positron emission tomography. Amyloid reduction of 40% to 50% was
achieved. Approximately 90% of subjects developed anti-drug antibodies at 3 months
after a single intravenous dose.

Discussion: Intravenous donanemab 10 mg/kg can reduce amyloid deposits in AD

despite having a shorter than expected half-life.
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1 | BACKGROUND

Donanemab (LY3002813) is a humanized immunoglobulin G1 antibody
directed at an N-terminal pyroglutamate amyloid beta (AB) epitope
that is present only in brain amyloid plaques, a defining pathological
feature of Alzheimer’s disease (AD). Donanemab was developed to
remove existing amyloid plaques through microglial-mediated clear-
ance. Administration of the murine surrogate of donanemab in aged
amyloid precursor protein transgenic mice resulted in dose-dependent
plaque lowering without microhemorrhage liability.*

This single-dose and multiple-dose, placebo-controlled, dose-
escalation study was the first assessment of the safety, tolerability,
and pharmacokinetics of a wide-dose range of donanemab in amyloid-
positive patients with mild cognitive impairment (MCI) due to AD
or mild to moderate AD dementia. Based on donanemab’s predicted
efficacious dose and minimum anticipated biological effect level, the
proposed dose range was 0.1 to 10 mg/kg. Florbetapir scans were per-
formed at screening and after the last multiple-ascending dose (MAD),
separated by ~7 months, to assess the pharmacodynamic effects of
donanemab on cerebral amyloid. Serial magnetic resonance imag-
ing (MRI) scans were performed for assessment of amyloid-related
imaging abnormalities (ARIA; eg, vasogenic edema, microhemorrhage).

The primary objective of this study was to explore the safety and
tolerability features of single and multiple doses of donanemab in
Japanese and non-Japanese patients with MCI due to AD or mild to
moderate AD dementia, to define an appropriate dose range for further
clinical research. The diagnosis of MCI due to AD or mild to moderate
AD were biomarker verified.

The secondary objectives were to assess the serum pharmacokinet-
ics of single intravenous (1V) and subcutaneous (SC) doses, and multiple
IV doses of donanemab in Japanese and non-Japanese patients with
MCI due to AD or mild to moderate AD dementia and to assess the
effect of donanemab on brain plaque load using florbetapir imaging.

Other objectives included assessing the serum pharmacokinetics of
a single 1V dose of donanemab in healthy volunteers. We also evalu-
ated changes in plasma, serum, and cerebrospinal fluid (CSF) biomark-
ers after multiple doses of donanemab, measured CSF donanemab lev-
els after multiple IV doses of donanemab, and evaluated the immuno-

genicity of single and multiple doses of donanemab.

2 | METHODS

2.1 | Patient population

From May 3, 2013 to August 24, 2016, the study enrolled men or non-
fertile women >50 years of age with evidence of memory impairment
on the Free and Cued Selective Reminding Test with Immediate Recall
(FCSRT; picture version), a Mini-Mental State Examination (MMSE)
score of 16 to 30, and aflorbetapir positron emission tomography (PET)
scan consistent with amyloid pathology. Patients with contraindication
for MRI, presence of more than four microhemorrhages on MRI, or his-

tory or evidence on MRI of macrohemorrhage were excluded. Japanese

HIGHLIGHTS

¢ Donanemab was generally well tolerated up to 10 mg/kg.

* After donanemab single-dose administration from 0.1 to
3.0 mg/kg, the mean terminal elimination half-life was ~4
days, increasing to ~10 days at 10 mg/kg.

* Donanemab 10 mg/kg intravenous can reduce amyloid
deposits in Alzheimer’s disease despite having a shorter

than expected half-life.

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using traditional sources. Several anti-amyloid antibod-
ies have been reported in the literature, which have
also demonstrated a reduction in the amyloid load in
Alzheimer’s disease (AD) patients using amyloid positron
emission tomography imaging. These relevant publica-
tions are appropriately cited.

2. Interpretation: Our findings demonstrated that
donanemab was generally well tolerated up to 10 mg/kg.
Donanemab 10 mg/kg intravenous can reduce amyloid
deposits in AD despite having a shorter than expected
half-life. The observed amyloid-lowering effects of
donanemab are consistent with clinical findings currently
in the public domain.

3. Future directions: Future clinical studies with

donanemab include: (1) A phase | study in progress

to further explore donanemab’s immunogenicity and

observed reduction in amyloid load in AD patients. (2) A

phase 2 study to investigate the impact of donanemab’s

amyloid-lowering effect on cognitive and functional

outcomes in AD patients.

patients were included in this study to facilitate inclusion of Japanese
participants in subsequent studies. In addition, a cohort of healthy vol-
unteers aged 18 to 40 was enrolled. These participants were required
to have no more than four microhemorrhages on MRI; amyloid positiv-
ity was not assessed or required for this cohort. All participants pro-
vided informed consent.

2.2 | Study design

The study was a subject- and investigator-blind, randomized, placebo-
controlled, parallel-group, single-dose followed by a multiple-
dose, dose-escalation study. The number of patients administered

LY3002813 or placebo in each cohort was as follows: Cohort 1



LOWEET AL.

Translational Research 30f10

Clinical Interventions

D = Drug/Placebo

SAD MAD F= Florbetapir
4 P 4 FU = 3 month follow-up from last dose
Cohort 1 0.1 mg/kg IV (sentinel dosing, 1 drug & 1 placebo), increase to 0.3 mg/kg IV for MAD S= Florbetapir and MRI scan
}_-_-?+____:+-___4___'P_ _| - _| R ‘I_ - - _{_ _@_' 43 * = Safety Review + MRI scan
| @ = Lumbar Puncture
S D D D D D F == b
= = MAD
Cohort 2 0.3 mg/kg IV Wie Pk i

_'___+€L+':_>Fu

i 7

I

I
il

I

I

I

I

I»
i 3

I

I

]
i

I

I

I

I
e

I

I
ot

I

I
o N

I

I
.

I

1®

' *
I

c

saza|du.|o;) jualjed

Cohort 3 1 mg/kg IV v

S D
Cohort démg/kg v
| IES... SENPES SoCh.
| -‘ | |
S D

Timeline intervals = 4 weeks

D D
Y @
------- i St
D D D

. T Bioavailability or

FU Young Healthy PK

FIGURE 1 Overview of seamless single-ascending dose phase followed by multiple-ascending dose phase. Abbreviations: D, drug/placebo; F,
florbetapir; FU, 3-month follow-up; IV, intravenous; MAD, multiple-ascending dose; MRI, magnetic resonance imaging; PK, pharmacokinetic; S,
Florbetapir and MRI scan; SAD, single-ascending dose; SC, subcutaneous. The number of patients administered LY3002813 or placebo in each
cohort was as follows: Cohort 1 (0.1 mg/kg 1V)-4 LY3002813: 2 placebo; cohort 2 (0.3 mg/kg 1V)-7 LY3002813: 2 placebo; cohort 3 (1 mg/kg IV)-9
LY3002813: 2 placebo; cohort 4 (3 mg/kg IV)-11 LY3002813: 3 placebo; cohort 5 (10 mg/kg 1V)-6 LY3002813: 3 placebo; cohort 6 (3 mg /kg
SC)-8 LY3002813; cohort 7 (1 mg/kg IV in healthy volunteers)-6 LY3002813

(0.1 mg/kg IV)- 4 LY3002813: 2 placebo; Cohort 2 (0.3 mg/kg IV)-7
LY3002813: 2 placebo; Cohort 3 (1 mg/kg IV)-9 LY3002813: 2 placebo;
Cohort 4 (3 mg/kg 1V)-11 LY3002813: 3 placebo; Cohort 5 (10 mg/kg
IV)-6 LY3002813: 3 placebo; Cohort 6 (3 mg/kg SC)-8 LY3002813;
Cohort 7 (1 mg/kg IV in healthy volunteers)-6 LY3002813. The study
was conducted with both Japanese and non-Japanese subjects at
sites across the United States and Japan. Patients with AD were
enrolled into the single-ascending dose (SAD) phase and were each
administered a single IV dose of donanemab (five dosing cohorts from
0.1 to 10 mg/kg; Cohort 1: 0.1 mg/kg, Cohort 2: 0.3 mg /kg, Cohort 3: 1
mg/kg, Cohort 4: 3 mg/kg, Cohort 5: 10 mg/kg) or placebo followed by
a 12-week follow-up period for each dose level (Figure 1). The starting
dose of 0.1 mg/kg was below the predicted efficacious dose based on
donanemab data from the transgenic mouse model. The top dose of
10 mg/kg allowed the predicted efficacious dose range to be examined
while maintaining an appropriate margin of safety to animal toxicology
observations. Sentinel dosing was conducted for Cohort 1, in which
the first two patients were initially dosed, with one patient receiving
donanemab and the other receiving placebo in a blinded manner. After
~7 days and after safety data through 72 hours after dosing were
evaluated, the remaining subjects were dosed at least 1 day apart.
After the follow-up period, the same patients proceeded into the MAD
phase (five cohorts) and were administered 1V doses of donanemab
(0.3 to 10 mg/kg) or placebo approximately once per month for up to
four doses depending on the initial doses (only Cohort 1 went from 0.1
mg/kg to a higher dose of 0.3 mg/kg during the MAD phase). This phase

concluded with a 12-week follow-up period. The relative exposure

assessment of an unblinded, single, SC 3-mg/kg dose of donanemab in
patients with AD was also performed, followed by a 12-week follow-up
period. One cohort of healthy subjects received an unblinded, single,
IV 1-mg/kg dose of donanemab. These two cohorts did not continue to
the MAD phase. Safety in the study was assessed at regular intervals
by adverse events, MRI, electrocardiograms (ECGs), vital signs, safety
laboratories (comprising clinical chemistry, haematology, urinalysis),
physical/neurological examinations, and immunogenicity.

Florbetapir scans were performed at baseline and after the last mul-
tiple ascending dose, and up to 500 days after dosing. Standardized
uptake value ratio (SUVR) with cerebellum reference region was cal-
culated according to the method of Barthel et al.2 Exploratory analy-
ses were performed according to the SUVR method of Clark et al. The
latter SUVR values were converted to centiloid units.* The change in
SUVR and centiloids was compared across dose cohorts.

Cognition was assessed by the Alzheimer’s Disease Assessment
Scale-Cognitive Subscale (ADAS-Cog-14), the MMSE, and the FCSRT

at screening or baseline and ~8 months later.

2.3 | Bioanalytical methods

Serum and CSF samples obtained during this study were analyzed for
donanemab using a validated enzyme-linked immunosorbent assay
method at Covance Laboratories in Chantilly, Virginia, USA. The lower
limit of quantification for the serum assay was 100 ng/mL and the

upper limit of quantification was 5000 ng/mL. The inter-assay accuracy
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(% relative error) during validation ranged from —1.0% to 5.8%. The
inter-assay precision (% relative standard deviation) during validation
was <17.2%. For the CSF assay, the lower limit of quantification was 5
ng/mL, and the upper limit of quantification was 500 ng/mL. Samples
above the limit of quantification were diluted to yield results within
the calibrated range. The inter-assay accuracy (% relative error) during
validation ranged from 1.2% to 20.0%. The inter-assay precision (% rel-
ative standard deviation) during validation ranged from 6.0% to 13.9%.

231 |
analyses

Pharmacokinetic and pharmacodynamic

Serum pharmacokinetic parameter estimates for donanemab were
calculated by standard noncompartmental methods of analysis using
Phoenix WinNonlin Version 6.3 (Certara L.P.,, Raleigh, North Carolina,
USA) from data collected during the SAD phase.

Parameters estimated after SC and IV administration included max-
imum observed drug concentration, area under the concentration ver-
sus time curve (AUC) from time zero to time infinity (AUCjg..), and
terminal half-life. Mean plasma concentration versus time profiles and
summary statistics of pharmacokinetic parameter estimates by treat-
ment group were generated. The CSF concentrations of donanemab
from the lumbar punctures were compared to the serum concentra-
tions to calculate CSF/serum penetration ratio.

Composite SUVR from florbetapir scans were analyzed to estimate
change® in amyloid burden. Furthermore, those SUVR values were con-
verted to the centiloid scale, a standardized methodology to quantify
amyloid burden from PET scans.*

2.3.2 | Statistical analysis

The demographic variables and other baseline characteristics were
summarized using standard descriptive statistics. The safety parame-
ters were also summarized using standard descriptive statistics. Safety
analyses were conducted for all enrolled patients, whether or not they
completed all protocol requirements.

Immunogenecity evaluation was based on antibody formation,
which was summarized over time. Mixed effect model was used with
time and dose as fixed effects and the dependent variable as the change
from baseline in antibody formulation after dosing of donanemab.
Treatment-emergent antidrug antibodies (TE-ADAs) were defined as
those with a titer two-fold (one dilution) greater than the minimum
required dilution if no ADAs were detected at baseline or those with a
four-fold (two dilutions) increase in titer compared to baseline if ADAs
were detected at baseline. The minimum required dilution of the ADA
assay was 1:10.

Pharmacodynamic analyses were conducted on the full analysis
set, which included all data from all randomized patients receiving a
dose of the investigational product according to the treatment the
patients actually received. The pharmacodynamic measures included

florbetapir scans in centiloid unit and were analyzed using an analy-

sis of covariance model with fixed effects of treatment and baseline
as covariate. Plasma AB1-40 and AB1-42 were also summarized using
standard descriptive statistics.

The clinical outcomes, ADAS-Cog, Clinical Dementia Rating-Sum of
Boxes, MMSE, Alzheimer’s Disease Cooperative Study/Mild Cognitive
Impairment Activities of Daily Living scale, and the FCSRT, were ana-
lyzed using a mixed model for repeated measures with preinfusion cog-
nitive measures as a baseline covariate and fixed effects of dose and
time after infusion.

Statistical analyses were performed using SAS software.

3 | RESULTS

3.1 | Demographics
A total of 63 subjects, 30 male and 33 female, between the ages of 21
to 89 years old participated in this study (Table 1).

3.2 | Disposition

Of the 63 patients/subjects who received at least one dose of study
drug, 58 completed the study, and five did not complete the study (one
due to adverse event of infusion reaction, two due to sponsor decision
[subject unable to complete follow-up visits and adverse event], and

two due to patient decision, both withdrawal of consent).

3.3 | Single-ascending dose phase—single-dose
pharmacokinetics

After a single dose, donanemab serum concentrations (Figure 2) fol-
lowed a bi-exponential decline after administration, with the terminal
elimination phase generally starting ~1 week after IV administration.
The lower limit of quantification of 100 ng/mL of the donanemab assay
prevented detection of concentrations during the terminal elimination
phase after administration of the lower doses. Table 2 provides a sum-
mary of noncompartmental pharmacokinetic parameters across treat-
ment groups. Based on comparison of the mean AUC g, values for the
3-mg/kg IV and SC groups, the bioavailability of the subcutaneous for-
mulation was 60%.

The pharmacokinetic parameters were generally comparable
between healthy volunteers and patients with AD and MCI after the
administration of a single 1-mg/kg dose of donanemab (Figure 2). Fig-
ures S1 and S2 in supporting information provide individual maximum
observed drug concentration (C.x) and AUC values, respectively,
after single doses for patients with AD and MCI.

It was observed that donanemab had a significantly shorter half-life
at low doses compared to the highest dose. After single-dose adminis-
tration from 0.1 to 3.0 mg/kg, the mean terminal elimination half-life
was ~4 days, increasing to ~10 days (243 hours) at the 10-mg/kg dose
level.
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Severity of Alzheimer’s?

Mean Mean body-
Mean age, Sex Japanese/ BMI,kg/m? weight,kg MCl/mild, Moderate,

Dose N years [SD] (M/F) non-Japanese [SD] [SD] N (%) N (%)
Blinded

Placebo (V) 12 76.8[4.9] 5/7 5/7 22.94[4.76] 63.07 [22.66] 9 (75%) 3(25%)

0.1 mg/kg donanemab (V) 4 71.3[11.6] 1/3 2/2 24.53[2.80] 58.93[11.59] 3(75%) 1(25%)

0.3 mg/kg donanemab (1V) 75.0[8.4] 3/4 3/4 27.46[8.73] 72.87[33.57] 0 (0%) 7 (100%)

1 mg/kg donanemab (1V) 9 74.7[9.3] 5/4 3/6 23.73[4.14] 63.91[16.27] 8(88.9%) 1(11.1%)

3 mg/kg donanemab (V) 11 73.0(8.8] 3/8 4/7 27.29[7.12] 71.17 [24.14] 10 (90.9%) 1(9.1%)

10 mg/kg donanemab (1V) 6 72.3[10.7] 4/2 2/4 27.06[7.93] 72.57[19.44] 4(66.7%) 2(33.3%)
Unblinded

1 mg/kg donanemab 6 25.8[3.3] 6/0 0/6 24.24[2.87] 79.55[15.96] N/A N/A

single-dose (IV) HV

3 mg/kg donanemab (SC) 8 74.5(9.5] 3/5 2/6 25.53[5.00] 67.88[16.96] 8(100%) 0(0%)
All donanemab multiple dose 37 73.5[9.0] 16/21 14/23 26.12[6.53] 68.63[22.28] 32(86.5%) 5(13.5%)
All donanemab (AD) 45 73.719.0] 19/26 16/29 26.01[6.24] 68.50[21.26] 40 (88.9%) 5(11.1%)
All donanemab B 68.0[17.7] 25/26 16/35 25.81[5.95] 69.80[20.88] 40(78.4%) 5(9.8%)
Overall 63° 69.7[16.4] 30/33 21/42 25.26[5.82] 68.51[21.21] 49(77.8%) 8(12.7%)

Abbreviations: AD, Alzheimer’s disease; BMI, body mass index; F, female; HV, healthy volunteers; IV, intravenous; M, male; MCI, mild cognitive impairment; N,

number of subjects; SC, subcutaneous; SD, standard deviation.

2Patients who had a pre-existing diagnosis of MCl are included in the mild AD category.

bSeverity of Alzheimer’s: N/A = 6.

FIGURE 2 Donanemab (LY3002813) mean

plasma concentration-time profile after the 1000000 —
administration of a single dose of donanemab ]
in patients with mild cognitive impairment due ]
to Alzheimer’s disease or mild to moderate 1
Alzheimer’s disease dementia. HV, heathy 100000
volunteers; 1V, intravenous; SC, subcutaneous ®
;Ec 10000

R 9

100 -

—e— LY3002813 0.1mg/kg IV
—o— LY3002813 03merk IV
—— LY3002813 Img kg IV
—o— LY3002813 Img kg IVHV
—m— LY3002813 mg ke IV
—0— LY3002813 10mgkg IV
—e— LY3002813 3mgkg $Q

While the metabolism of donanemab has not been assessed in this or
animal studies, it is anticipated that donanemab’s metabolism would be
similar to other biotechnology-derived products, which is degradation
into small peptides and amino acids via lysosomal degradation after
cell-mediated endocytosis.

336 672 1008 1344 1680 2016
Time (h)
3.4 | Multiple-ascending dose

phase—multiple-dose pharmacokinetics serum

In the multiple-dose phase, serum donanemab concentrations in most
patients at dose levels <3 mg/kg were below the limits of detection
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TABLE 2 Donanemab noncompartmental pharmacokinetic parameters after a single dose of donanemab in patients with mild cognitive
impairment due to Alzheimer’s disease or mild to moderate Alzheimer’s disease and healthy subjects

Treatment group
PK parameters
(geometric mean [CV%]) 0.1 mg/kg IV 0.3 mg/kg IV 1 mg/kg IV 1 mg/kg IVHV 3mg/kg IV 3 mg/kg SC 10 mg/kg IV
N 4 7 9 6 11 8 6
Cinax (ug/mL) 2.90 (35%) 5.99 (77%) 21.7 (21%) 31.5(29%) 71.6 (24%) 12.0(34%) 218 (16%)
tq/, (day) 2.26 (37%) 4.64 (63%) 4.84 (58%) 3.19 (24%) 5.40 (55%) 7.47 (40%) 10.5 (50%)
AUC q.) (ugeday/mL) 7.94 (32%) 26.3(33%) 79.9 (26%) 91.6 (17%) 263 (19%) 157 (41%) 1140 (39%)

Abbreviations: AUCq.,), area under concentration versus time curve from zero to infinity; C,,, maximum observed drug concentration; CV, coefficient of
variation; HV, healthy volunteers; IV, intravenous; N, number of patients; SC, subcutaneous; t,,, half-life associated with the terminal rate constant.

28 days after dosing; patients receiving 10 mg/kg had sustained
quantifiable concentrations 28 days after dosing. Figure 3A compares
trough concentrations on days 113, 141, and 169 with the concen-
trations observed on day 29 (ie, a similar time point after the first
dose) as well as concentrations on day 85 (3 months after the first
dose). Figure 3B compares donanemab concentrations measured
at similar times 3 days after the first dose and 4 days after the last
dose. For many patients, donanemab concentrations were numerically
lower after multiple doses of donanemab than after the first, single
dose. In contrast to the other dose levels, at the 10-mg/kg dose level,
donanemab concentrations were generally similar to those observed

after single-dose administration.

3.5 | Cerebrospinal fluid

Quantifiable levels of donanemab in CSF could be detected in eight
subjects in total: one, three, and four subjects in the 1 mg/kg, 3 mg/kg,
and 10 mg/kg cohorts, respectively. CSF donanemab concentration val-
ues from these subjects were 0.17% (range 0.04% to 0.64%) of the
donanemab concentrations in serum collected at a similar time point
as the CSF sample (~4 days after the last dose of study drug).

3.6 | Florbetapir positron emission
tomography—standardized uptake value ratio and
centiloid scale

Compared to placebo at 28 weeks, there was a statistically significant
reduction in cerebral amyloid observed by PET at the highest dose of
10 mg/kg (P < 0.0002). The analysis showed a consistent reduction
in cortical amyloid among patients receiving three to five doses of 10
mg/kg donanemab. The 10-mg/kg IV arm had a mean SUVR change
from baseline of —0.26 (standard deviation [SD] = 0.12), and a mean
centiloid change from baseline of —44.4 (SD = 14.2), which corre-
sponds to an average reduction of brain amyloid of 40% to 50%, com-
pared to minimal change from baseline in the pooled placebo arms
(Figure 4A). Figure 4B shows the baseline and follow-up centiloid val-
ues over time for all subjects in the 10-mg/kg donanemab and pooled

placebo arms. No significant amyloid reduction was seen in the lower

donanemab multiple dose levels (0.3 to 3 mg/kg). At the 10 mg/kg dose
level, there was no clear relationship between serum donanemab expo-

sure and reduction in amyloid.

3.7 | Plasma AB
There were no meaningful changes in plasma A31-40 and AB1-42 after
administration of donanemab at all doses.

3.8 | Immunogenicity

All five treatment groups randomized to repeated |V administration
of donanemab exhibited distinctly higher antidrug antibody titers rela-
tive to the pooled placebo group, which exhibited virtually no TE-ADAs.
Overall, more than 90% of the patients with AD randomized to the
study drug had TE-ADAs 3 months after the first dose; titers tended to
increase by the end of the multiple-dose phase and persisted 3 months

after the last dose (Figure 5).

3.9 | Safety

There were no deaths or drug-related serious adverse events reported
in the study. There were four serious adverse events not related to
study drug, including hip fracture, cervical vertebral fracture, urinary
tract infection, and noncardiac chest pain. The most common adverse
event was mild to moderate infusion reactions and was experienced
by 6 of 37 patients with AD who had IV dosing. Infusion reactions
occurred in one patient in the 0.3-mg/kg cohort, two patients in the
1.0-mg/kg cohort, and three patients in the 3.0-mg/kg cohort and
were observed after two or three doses of donanemab. No infusion
reactions occurred in the highest 10 mg/kg cohort. Three of the six
subjects who experienced infusion reactions were pretreated with
antihistamines or anti-inflammatory medication prior to subsequent
infusions. One patient discontinued from the study because of an infu-
sion reaction. Infusion reactions began during the infusion or within 30
minutes of completing the infusion and lasted between 1 minute and

8 hours. Symptoms of infusion reactions included chills/shivering,
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FIGURE 3 Donanemab (LY3002813) trough concentrations after single and multiple doses (A) and donanemab (LY3002813) concentrations
~3 days after the first dose and 4 days after the last dose (B). In (A), the solid black line indicates the lower limit of quantification. Data points below
the line indicate samples in which concentrations were determined to be below the limit of quantification. All samples were collected 28 days
postdose, with the exception of day 85, which occurred after the first dose of donanemab (ie, 84 days after the first dose). All assayed samples are
plotted unless the patient missed the previously scheduled dose. In (B), the solid black line indicates the lower limit of quantification. Data points
below the line indicate samples in which concentrations were determined to be below the limit of quantification. All samples are plotted from
patients receiving donanemab on study day 1 or day 169
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TABLE 3 Treatment-emergent adverse events

Clinical Interventions

Donanemab dose
1 mg/kg IV single
0.1t00.3 3 mg/kg SC dose (healthy
Placebo  mg/kg IV 0.3mg/kglV  1mg/kg IV 3 mg/kg IV 10mg/kg IV single dose volunteers)
N 12 4 7 9 11 6 8 6
AEs, n (%) 9(75%) 3(75%) 4(57.1%) 6(66.7%) 7 (63.6%) 2(33.3%) 4 (50%) 3(50%)
SAEs, n 1 1 1 1 0 0 0 0
Discontinuationdue O 0 0 0 1 0 0 0
to AE,n
ARIA-E, n 0 0 0 0 0 0
ARIA-H,n 0 0 0 0 1 0 1 0
Infusion reactions, n 0 0 1 3 0 NA

Abbreviations: AE, adverse event; ARIA-E, amyloid-related imaging abnormalities-vasogenic edema; ARIA-H, amyloid-related imaging abnormalities-
microhemorrhage; 1V, intravenous; N, number of patients; SAE, serious adverse event; SC, subcutaneous.

flushing, asymptomatic hypotension, dyspnea, myalgia, rash,
and fever.

There were two cases of ARIA-microhemorrhage, which was asymp-
tomatic and experienced by one patient in the 3-mg/kg IV cohort
and one patient in the 3-mg/kg SC single-dose cohort (Table 3). Both
patients had microhemorrhages at baseline. There were no cases of
ARIA-edema. There were no significant findings on clinical labs, ECG,
vital signs, physical examination, neurological exam, and Columbia-

Suicide Severity Rating Scale.

3.10 | Cognition
There were no significant changes in any of the cognitive measures

with donanemab treatment, across all the dose groups.

3.11 | Ethnicity
There were no apparent differences between Japanese and non-
Japanese subjects in any of the safety, pharmacokinetic, or pharmaco-

dynamic measurements.

4 | DISCUSSION

This study was a randomized, placebo-controlled, parallel-group,
single-dose followed by multiple-dose, dose-escalation study in
patients with MCI due to AD or mild to moderate AD to assess the
safety, tolerability, and pharmacokinetics of single and multiple IV
doses of donanemab, an antibody that targets amyloid plaques in the
brain.

Donanemab was generally well tolerated when administered up
to 10 mg/kg. There were no drug-related serious adverse events
reported. The most common treatment-emergent adverse event was

mild to moderate infusion-related reaction. While two occurrences of

ARIA-microhemorrhage were observed in the study, there was no dose
dependency in incidence nor severity observed. In addition, there were
no occurrences of ARIA-edema seen. This is in contrast to other amy-
loid therapies, which have been associated with treatment-emergent
ARIA-edema, where ARIA-edema has been observed as early as 1
month after dosing.”> Additional studies with donanemab at therapeu-
tically relevant doses will need to be conducted to further understand
the risk of ARIA-edema with donanemab treatment.

In the SAD phase, donanemab had a significantly shorter half-life
than the ~24-day half-life predicted based on data from nonclinical
studies (a prediction that was consistent with the expected half-life
of an immunoglobulin G1 antibody?). After single-dose administration
from 0.1 to 3.0 mg/kg, the mean terminal elimination half-life was ~4
days, increasing to ~10 days (243 hours) at the 10-mg/kg dose level.
The reason for the shorter than predicted half-life is unclear. To inves-
tigate whether the observed shorter than expected half-life was the
result of donanemab binding to its intended target, a cohort of healthy
volunteers (given the subjects’ age it could be assumed that they had
not accumulated amyloid plaque) was administered a single IV dose of
1.0 mg/kg donanemab. The pharmacokinetics of a single dose of 1.0
mg/kg IV donanemab in healthy volunteers was indistinguishable from
the pharmacokinetics in patients with AD at the same dose level, sug-
gesting that half-life was not dependent on antigen binding.

More than 90% of the patients with AD had TE-ADAs 3 months after
the first dose at all dose groups; titers tended to increase by the end of
the MAD phase and persisted 3 months after the last dose. It is possible
that TE-ADA may interact with donanemab and result in a shorter than
predicted half-life. This is supported by the increasing titers and lower
concentrations of donanemab during the MAD phase. The mechanisms
and clinical implications of the rapid clearance and immunogenicity are
under investigation in nonclinical studies and a phase 1b study.

The results suggest that as few as three to five doses of donanemab
10 mg/kg IV can substantially reduce amyloid deposits in AD. The
significant reduction in brain amyloid after treatment with 10 mg/kg
donanemab is consistent with the amyloid-lowering observed with
other amyloid therapies like bapineuzumab and gantenerumab.”~? The
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lack of change in plasma AB1-40 and AB1-42 supports the mechanism
of action of donanemab being centered on deposited amyloid plaque
rather than soluble forms of AS.

No dose/exposure-effect analysis could be conducted due to the
possible impact of TE-ADA on the pharmacokinetics of donanemab.
Interestingly, patients in the 10 mg/kg dose group achieved similar
serum concentrations after multiple doses of donanemab compared to
serum concentrations achieved after the first dose, while also achiev-
ing significant reduction in brain amyloid, despite the development
of TE-ADA during the MAD dosing period. Overall, donanemab expo-
sure up to the highest dose level of 10 mg/kg did not exceed the mar-
gin of safety for animal toxicology observations, but this is not sur-
prising given the lower than expected half-life observed. There were
no changes in cognitive assessments associated with the reduction
in brain amyloid after donanemab treatment. However, this may be
expected given the small sample size and the limited duration of dos-
ing. Larger therapeutic studies of sufficient duration in the future
will assess the clinical relevance of the amyloid reduction seen with

donanemab.

5 | CONCLUSION

Donanemab was generally well tolerated when administered up to 10
mg/kg. After donanemab single-dose administration from 0.1 to 3.0
mg/kg, the mean terminal elimination half-life was ~4 days, increasing
to~10days at 10 mg/kg. Donanemab 10 mg/kg intravenous can reduce
amyloid deposits in AD despite having a shorter than expected half-life.
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