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Abstract

®

Check for
updates

Donanemab (donanemab-azbt; Kisunla™) is an amyloid p-directed antibody developed by Eli Lilly and Company for the
treatment of Alzheimer’s disease. Donanemab recently received approval in the USA for the treatment of adults with early
symptomatic Alzheimer’s disease (patients with mild cognitive impairment or mild dementia stage of disease). This article
summarizes the milestones in the development of donanemab leading to this first approval for Alzheimer’s disease.

Digital Features for this AdisInsight Report can be found at
https://doi.org/10.6084/m9.figshare.26409457.

Donanemab (Kisunla™): Key Points

An amyloid B-directed antibody developed by Eli Lilly
and Company for the treatment of Alzheimer’s disease

Received its first approval on 2 July 2024 in the USA

Approved for use in patients with early symptomatic
Alzheimer’s disease (mild cognitive impairment or in the
mild dementia stage of disease)

1 Introduction

Donanemab (donanemab-azbt; Kisunla™) is an amyloid
fB-directed antibody developed by Eli Lilly and Company
for the treatment of Alzheimer’s disease. An early event
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in Alzheimer's disease is the amyloid cascade [1], where
the accumulation of amyloid P in the brain into plaques is
associated with cognitive and functional impairment [2].
Amyloid f is also linked to tau pathology and clinical pro-
gression to dementia [2]; patients with high tau pathology
tend to have more neuropathologically advanced disease,
which is expected to be more difficult to treat with amyloid
p antibodies [1].

Donanemab received its first approval on 2 July 2024 in
the USA for the treatment of early symptomatic Alzheimer’s
disease [3]. Treatment should only be initiated in patients
with mild cognitive impairment (MCI) or mild dementia
stage of disease (the population in which treatment was ini-
tiated in the clinical trials) [4]. Any presence of amyloid
B pathology must be confirmed prior to starting treatment.
The approved dosage regimen is 700 mg administered by
intravenous (IV) infusion over =~ 30 m every 4 weeks for the
first three doses, then 1400 mg every 4 weeks [4].

Donanemab has a boxed warning in the USA for amyloid-
related imaging abnormalities (ARIA), which can be seri-
ous and life-threatening; increased monitoring for ARIA is
recommended during the first 24 weeks of treatment [4].
A higher incidence of ARIA, including symptomatic and
serious ARIA, is typically seen in patients who are apolipo-
protein E (ApoE) €4 homozygotes versus heterozygotes and
non-carriers; ApoE €4 status should be tested prior to initia-
tion of treatment with donanemab, and the benefits of treat-
ment weighed against the risk of developing ARIA. Patients
may also experience hypersensitivity and infusion-related
reactions (IRRs). In the event of an IRR, the infusion rate
may be reduced or the infusion discontinued, and symptoms
managed accordingly. Pre-treatment with antihistamines,
acetaminophen or corticosteroids may be required prior to
their next infusion [4].
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P Breakthrough Therapy designation granted for the treatment of AD in the US (Jun)

P Priority Review designation granted for AD in the US (Aug)

> Application for accelerated approval declined in the US (Jan)

» Approved for the treatment of pts with
early AD in the US (Jul)
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[ _TRAILBLAZER-EXT |
TRAILBLAZER-ALZ 3

TRAILBLAZER-ALZ 4

[l Phase Il trials in pts with AD
[l Phase Il trials in pts with AD

TRAILBLAZER-ALZ 5
TRAILBLAZER-ALZ 6

Key milestones in the development of donanemab. AD Alzheimer's disease, pts patients

2 Scientific Summary
2.1 Pharmacodynamics

Donanemab, a humanized immunoglobulin y1 (IgG1) mono-
clonal antibody, is expressed in a Chinese hamster ovary
cell line and attaches to insoluble N-truncated pyrogluta-
mate amyloid p (present only in amyloid f plaques formed
in the brain [1]) [4]. Once attached, donanemab then aids
in the removal of the plaque through microglial-mediated
phagocytosis [1]. However, unlike other antibodies that tar-
get amyloid , donanemab only binds to established plaque
and not to the soluble form of amyloid f [5]. The molecular
weight of donanemab is =~ 145 kDa [4].

In clinical pharmacology studies, donanemab reduced
amyloid f plaque levels in the brain in a dose- and time-
dependent manner from week 12 of treatment onwards [4].
In an analysis of a phase Ib trial (NCT02624778) in patients
with MCI or mild-to-moderate dementia due to Alzhei-
mer’s disease and the phase II TRAILBLAZER-ALZ trial
(Sect. 2.3.2), sustaining a donanemab serum concentration of
> 4.43 pg/mL was associated with reduced amyloid § plaque
formation [5]. It was also noted that baseline amyloid § lev-
els impacted the time taken for amyloid p plaque clearance
(defined as < 24.1 Centiloids); fewer patients with higher
baseline levels achieved amyloid p plaque clearance [5].

In the phase III TRAILBLAZER-ALZ 2 trial
(Sect. 2.3.1.1), amyloid P levels were significantly
(p < 0.0001) reduced in donanemab versus placebo recipi-
ents from week 24 through to week 76 of treatment, as
evaluated using amyloid Positron Emission Tomography
(PET) imaging (18F-ﬂorbetapir tracer) [1, 4]. Treatment
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with donanemab also resulted in reduced levels of plasma
p-tau217 compared with placebo in this trial [1, 4].

The immunogenicity of donanemab was evaluated in
792 patients from TRAILBLAZER-ALZ 2; 87% of patients
developed anti-drug antibodies (ADAs) following up to
18 months of treatment [4]. Of these patients, all tested
positive for neutralizing antibodies against donanemab.
Although patients who had higher titres of ADAs displayed
less reduction in amyloid p plaque than patients with lower
ADA titres, the efficacy of donanemab was not significantly
affected by ADA presence during the study treatment period.
However, the presence of ADAs in donanemab recipients
was associated with an increased incidence of IRRs com-
pared with placebo recipients (% 10% vs 2% of patients in
TRAILBLAZER-ALZ 2) [4].

2.2 Pharmacokinetics

Donanemab exposures increased proportionally in a popula-
tion pharmacokinetic analysis of 2131 patients with Alzhei-
mer's disease who received single (10—40 mg/kg) or multiple
(10-20 mg/kg) doses of donanemab [4]. Steady state was
reached after a single dose of donanemab, and accumula-
tion (< 1.3-fold) occurred with once every 4 weekly dos-
ing. The central volume of distribution for donanemab is
3.36 L. Donanemab is expected to be degraded by proteo-
lytic enzymes, similarly to endogenous IgG, and thus is not
expected to be renally eliminated or metabolised by hepatic
enzymes. The mean terminal half-life and clearance of
donanemab are =~ 12.1 days and 0.0255 L/h, respectively [4].
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Features and properties of donanemab

Alternative names

Class

Mechanism of action
Route of administration
Pharmacodynamics

Pharmacokinetics

Donanemab-azbt injection—Eli Lilly and Company; Kisunla; LY 3002813; LY-002813-SC; LY-3002813-1V;
LY3002813-SC; N3pG-Ab MAb—ElIi Lilly and Company; N3pG-AB-monoclonal antibody—Eli Lilly and
Company; N3pG-amyloid-p monoclonal antibody—Eli Lilly and Company

Antidementias; monoclonal antibodies; amyloid-targeting treatment
Pyroglutamyl(3)-amyloid f-protein (3-42) inhibitor
Intravenous

Aggregation of insoluble N-truncated pyroglutamate amyloid f into amyloid p plaques is a defining feature of
Alzheimer’s disease; donanemab reduces amyloid f plaque levels in the brain in a dose- and time-dependent
manner, slowing disease progression

Steady state reached after a single dose; central volume of distribution 3.36 L; mean terminal half-life ~ 12.1

days; clearance 0.0255 L/h
Adverse events

Most frequent (> 5% and
> 2% higher incidence than tion

ARIA-H and microhaemorrhage, ARIA-E, ARIA-H and superficial siderosis, headache, infusion-related reac-

placebo)
Boxed warning in the USA ARIA
ATC codes
‘WHO ATC code NO06D-X05 (Donanemab)
EphMRA ATC code N7D9 (All other anti-Alzheimer products)

ARIA amyloid related imaging abnormalities, ARIA-E ARIA with oedema, ARIA-H ARIA with hemosiderin deposition

The pharmacokinetics of donanemab are not affected to
any clinically significant degree by patient age, sex, race or
weight [4]. The presence of ADAs in donanemab recipients
was associated with increased clearance and lower mean
serum trough concentrations of donanemab [4].

2.3 Therapeutic Trials
2.3.1 Phase lll trials

2.3.1.1 TRAILBLAZER-ALZ 2 Donanemab was more effec-
tive than placebo in reducing cognitive and functional
decline in the multicentre, randomized, double-blind, par-
allel, placebo-controlled, phase III TRAILBLAZER-ALZ
2 trial (NCTO04437511) in patients with early symptomatic
Alzheimer's disease (n = 1736) [1]. Patients were rand-
omized to receive IV donanemab (700 mg for the first three
doses, then 1400 mg for subsequent doses) or placebo once
every 4 weeks for up to 72 weeks, and stratified according
to baseline tau category [low/medium tau or combined tau
(low/medium and high)] and enrolment site. Following the
double-blind period, patients were able to enter a 78-week
extension period, for a maximum of 150 weeks of treatment.
Donanemab recipients who qualified for dose-reduction
criteria (evaluated using amyloid p plaque level on PET
scans) at week 72 were switched to placebo in a blinded
procedure [1].

The least-squares mean (LSM) change in the Integrated
Alzheimer's Disease Rating Scale (iIADRS; range 0-144,
where a lower score indicates greater cognitive and func-
tional impairment) score from baseline to 76 weeks (primary
efficacy endpoint) were significantly lower in donanemab
than placebo recipients in both the low/medium tau and
combined tau populations [1]. In the low/medium tau popu-
lation, the LSM change was — 6.02 in donanemab recipients
and — 9.27 in placebo recipients [between-group difference
(BGD) 3.25; p< 0.001]; in the combined population, the
LSM change was — 10.19 and — 13.11, respectively (BGD
2.92; p< 0.001). This corresponds to a 35.1% and 22.3%
slowing of disease progression. Sensitivity analyses of the
iADRS score confirm a 33.4-39.6% slowing of clinical pro-
gression [1].

Subgroup analyses of the iADRs score generally favoured
donanemab across the baseline characteristics evaluated
(age, sex, race, ethnicity, clinical stage of disease, ApoE
€4 genotype, medication use, body mass index and tau PET
category), although subgroups with a smaller number of
patients were more likely to have a lower bound of the 95%
confidence interval that was below zero [1]. Post hoc analy-
sis of the high tau population (n = 552) showed the LSM
change in iADRS score in donanemab recipients was not
statistically significantly different compared with placebo
recipients at week 76 (BGD 1.26; p=0.42) [1].

A subpopulation analysis of Japanese patients (n = 88)
in the study showed a smaller LSM change in iADRS score
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Key clinical trials of donanemab in patients with Alzheimer’s disease (sponsored by Eli Lilly and Company)

Drug (s) Phase  Status Location(s) Identifiers
Donanemab 111 Active, no longer recruit- Global NCT04437511, EudraCT2020-000077-25, TRAILBLAZER-ALZ 2
ing
Donanemab 111 Recruiting Japan, Puerto NCT05026866, TRAILBLAZER-ALZ 3
Rico, USA
Donanemab 1 Recruiting Global NCT05508789, EudraCT2021-006395-17, TRAILBLAZER-ALZ 5
Donanemab 11 Recruiting England, USA NCT05738486, EudraCT2022-502268-18-00, TRAILBLAZER-ALZ 6
Donanemab 11 Completed USA NCT05108922, TRAILBLAZER-ALZ 4
Donanemab 1I Completed Canada, USA NCT04640077, TRAILBLAZER-EXT
Donanemab, 11 Completed Canada, USA NCT03367403, TRAILBLAZER-ALZ

LY 3202626

from baseline to week 76 in donanemab than placebo recipi-
ents [6]. In the low/medium tau population (when evalu-
ated using the natural cubic spline model with two degrees
of freedom), the BGD was 3.99, corresponding to a 40.2%
slowing of disease progression; in the combined population,
the BGD was 4.43, corresponding to a 38.8% slowing of
disease progression. Results were consistent when evaluated
using a mixed model for repeat measures [6].

Statistically significant differences were seen in most of
the 24 gated outcomes evaluated, including the secondary
outcome of change in the Clinical Dementia Rating scale
Sum of Boxes (CDR-SB; range 0-18, where a higher score
indicates greater impairment) [1]. In the low/medium tau
population, the LSM change in CDR-SB from baseline to
week 76 was 1.20 and 1.88 in donanemab and placebo recip-
ients (BGD - 0.67; p < 0.001); in the combined tau popu-
lation, the LSM change was 1.72 and 2.42 (BGD - 0.70;
p < 0.001), respectively [1].

Eligible patients in TRAILBLAZER-ALZ 2 were aged
60-85 years with early symptomatic Alzheimer's disease
(MCI or Alzheimer’s disease with mild dementia); Mini-
Mental State Examination score 20-28; amyloid pathology
(> 37 Centiloids) assessed with ®F-florbetapir!® or '*F-flor-
betaben'* PET; and presence of tau pathology assessed by
8E_flortaucipir PET imaging with central image evaluation
[1]. Patients were excluded from the study if they had ARIA
of oedema/effusion (ARIA-E), > 4 cerebral microhaemor-
rhages, > 1 area of superficial siderosis, and any intracer-
ebral haemorrhage > 1 cm or severe white matter disease on
magnetic resonance imaging. Baseline patient demographics
and disease characteristics were generally similar between
donanemab and placebo recipients in the low/medium tau
population and similarly between the two treatment groups
in the combined tau population [1].

2.3.1.2 TRAILBLAZER-ALZ 4 Following 6 months of treat-

ment in the randomized, open-label, parallel-group,
phase III TRAILBLAZER-ALZ 4 trial (NCT05108922)
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in patients with early symptomatic Alzheimer’s disease
(n = 148), the amyloid P plaque clearance rate (< 24.1 Cen-
tiloids; primary endpoint) was significantly (p < 0.001)
higher in donanemab (37.9% of patients; n = 71) than adu-
canumab recipients (1.6%; n = 69) [7]. Consistent with the
initial analysis, significantly more donanemab than aduca-
numab recipients achieved amyloid p plaque clearance at
12 months of treatment (70.2% of and 21.9% of patients) [8].
In a subpopulation analysis of patients with low/medium tau
(n =27 and 28 in donanemab and aducanumab recipients),
amyloid B plaque clearance was achieved in significantly
(p < 0.01) more donanemab than aducanumab recipients;
38.5% and 3.8% at 6 months [7], and 80.0% and 9.6% at
12 months of treatment [8].

Patients were randomized to receive IV donanemab
(700 mg once every 4 weeks for the first three doses,
then 1400 mg for subsequent doses; n = 71) or IV aduca-
numab (1 mg/kg once every 4 weeks for two doses, then
3 mg/kg for two doses, then 6 mg/kg for two doses, then
10 mg/kg for subsequent doses; n = 69) for up to 18 months
of treatment [7]. Baseline patient demographics and disease
characteristics were generally similar between donanemab
and aducanumab recipients [7].

2.3.2 Phase ll trial

2.3.2.1 TRAILBLAZER-ALZ Treatment with donanemab
resulted in significantly less cognitive and functional
decline, as evaluated using the primary endpoint of change
from baseline in iADRS score at week 76 (— 6.86 in
donanemab recipients vs — 10.06 in placebo recipients;
BGD 3.20; p = 0.04), in the randomized, double-blind,
placebo-controlled, multicentre, phase Il TRAILBLAZER-
ALZ trial (NCT03367403) in patients with early sympto-
matic Alzheimer’s disease (n = 272) [2]. Patients received
IV donanemab (700 mg for the first three doses then
1400 mg thereafter) or placebo once every 4 weeks for up
to 72 weeks. At weeks 24 and 52 patients were switched
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to either a lower dose of donanemab or placebo, depend-
ent on florbetapir scan results. At week 24, amyloid p clear-
ance (< 24.1 Centiloids) was achieved in 40% vs 0% of
donanemab and placebo recipients, respectively [2].

Eligible patients were aged 60—85 years with early symp-
tomatic Alzheimer’s disease (prodromal Alzheimer’s disease
or mild Alzheimer’s disease with dementia) with tau and
amyloid P deposition, with a tau standardized uptake value
ratio between 1.10 and 1.46 (patients with a ratio < 1.10 with
a topographic deposition pattern consistent with advanced
Alzheimer’s disease were also included) [2]. Baseline patient
and disease characteristics were generally similar between
donanemab and placebo recipients; the mean iADRS scores
at baseline were 106.2 and 105.9, respectively [2].

2.4 Adverse Events

The safety and tolerability of IV donanemab were evalu-
ated in 2885 patients with Alzheimer’s disease who received
donanemab in clinical trials; the most common (incidence
> 5% of patients in either group) adverse reactions included
ARIA with hemosiderin deposition (ARIA-H) and micro-
haemorrhage (25% of donanemab recipients vs 11% of pla-
cebo recipients), ARIA-E (24% vs 2%), ARIA-H and super-
ficial siderosis (15% vs 3%), headache (13% vs 10%) and
IRRs (9% vs 0.5%) [4]. Treatment was discontinued due to
an adverse reaction in 13% vs 4% of patients, respectively;
this was most commonly due to IRRs (4% vs 0%) [4].

In the TRAILBLAZER-ALZ 2 trial, treatment-emer-
gent adverse events (AEs) occurred in 89.0% and 82.2% of
donanemab and placebo recipients, respectively; these were
most commonly (> 10% of patients in either group) ARIA-E
(24.0% vs 1.9%), ARIA-H (19.7% vs 7.4%), Covid-19 infec-
tion (15.9% vs 17.6%), headache (14.0% vs 9.8%) and falls
(13.4% vs 12.6%) [1]. Serious AEs occurred in 17.4% and
15.8% of patients. AEs led to treatment discontinuation in
13.1% and 4.3% of patients, most commonly due to IRRs,
ARIA-E, ARIA-H and hypersensitivity. AEs led to with-
drawal from the study in 8.1% and 3.7% of patients. Death
was reported in 1.9% and 1.1% of patients in each group;
three deaths (0.4%) in the donanemab group and one death
(0.1%) in the placebo group were considered related to treat-
ment [1].

ARIA (including ARIA-E and ARIA-H) developed in
36.8% and 14.9% of donanemab and placebo recipients,
respectively, in TRAILBLAZER-ALZ 2 [1]. ARIA-E
occurred in 24.0% and 2.1% of patients, which were mostly
mild-to-moderate in severity, and was serious in 1.5% of
donanemab recipients. ARIA-E was symptomatic in 6.1%
of patients, and most (86.5%) cases resolved. Patients who
were ApoE €4 carriers had a numerically higher risk of

developing ARIA-E than non-carriers, as with patients
who were homozygotes rather than heterozygotes. ARIA-
H and microhaemorrhages developed in 31.4% and 13.6%
of donanemab and placebo recipients. The proportion of
patients with ARIA-H with microhaemorrhages and no
ARIA-E was similar between the two groups (12.7% vs
12.4%) [1].

IRRs occurred in 8.7% and 0.5% of donanemab and
placebo recipients, respectively [1]. Most were mild-to-
moderate in severity, occurred within 30 m of the end of an
infusion, and developed most frequently between the second
to fifth infusions. Serious IRRs and anaphylactic reactions
(mild-to-moderate) were reported in donanemab recipients
only (both 0.4% of patients) [1].

In TRAILBLZER-ALZ 4, AEs were reported in 78.9%
and 82.6% of donanemab and aducanumab recipients,
respectively [8]. ARIA developed in 29.6% and 40.6% of
patients, and was serious in 1.4% and 2.9% of patients. A
higher incidence of ARIA was seen in patients who were
ApoE &4 carriers [8].

2.5 Ongoing Clinical Trials

The efficacy and tolerability of donanemab are being inves-
tigated in several ongoing randomized, double-blind, pla-
cebo-controlled, parallel-group, phase III clinical trials:
TRAILBLAZER-ALZ 2, NCT05026866 (TRAILBLAZER-
ALZ 3), NCT05508789 (TRAILBLAZER-ALZ 5) and
NCT05738486 (TRAILBLAZER-ALZ 6).

3 Current Status

Donanemab received its first approval on 2 July 2024 in the
USA for Alzheimer’s disease in patients with mild cognitive
impairment or mild dementia stage of disease [3].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-024-02087-4.
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