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Background and Purpose  Oral administration of cholinesterase inhibitors is often associ-
ated with adverse gastrointestinal effects, and so developing an alternative administration 
route, such as transdermal, is urgently needed. The primary objective of this study was to de-
termine the efficacy and safety of the IPI-301 donepezil transdermal patch compared with 
donepezil tablets (control) in mild-to-moderate probable Alzheimer’s disease (AD).
Methods  This prospective, randomized, double-blind, double-dummy, two-arm parallel, 
multicenter trial included 399 patients, among whom 303 completed the trial. For randomiza-
tion, the patients were stratified based on previous treatment and donepezil dose; patients in 
each stratum were randomized to the test and control groups at a 1:1 ratio. 
Results  The difference between the control group and the IPI-301 group, quantified as the 
Hodges–Lehmann estimate of location shift, was 0.00 (95% confidence interval: -1.00 to 1.33), 
with an upper limit of less than 2.02. The change in Alzheimer’s Disease Cooperative Study–
Activities of Daily Living (ADCS-ADL) score differed significantly between the IPI-301 and 
control groups (p=0.02). However, the changes in the full-itemized ADCS-ADL scores at week 
24 did not differ significantly between the two groups. There were no differences between the 
two groups regarding the scores for the Clinician Interview-Based Impression of Change 
(p=0.9097), Mini-Mental State Examination (p=0.7018), Neuropsychiatric Inventory (p=0.7656), 
or Clinical Dementia Rating (p=0.9990). Adverse events, vital signs, and laboratory test re-
sults were comparable between the two groups. 
Conclusions  IPI-301 was safe and efficacious in improving cognitive function in patients with 
mild-to-moderate AD. 
Keywords    donepezil transdermal patch; Alzheimer’s disease; efficacy; safety; 
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A Multinational, Multicenter, Randomized, Double-Blind, 
Active Comparator, Phase III Clinical Trial to Evaluate 
the Efficacy and Safety of Donepezil Transdermal Patch 
in Patients With Alzheimer’s Disease

INTRODUCTION

Alzheimer’s disease (AD) is the most common type of senile dementia, affecting 6–8% of 
people aged >65 years and nearly 30% of people aged >85 years.1 Every 5 years there is a 
twofold increase in the number of people aged >60 years affected by AD, and so AD is ex-
pected to affect more than 115 million people worldwide by 2050.2 Donepezil, an oral cholin-
esterase inhibitor, is widely used in clinical practice to treat mild-to-severe AD symptoms. 
The oral cholinesterase inhibitor class of drugs is effective for improving the cognitive and 
global functioning of patients with AD, and is the main pharmacological intervention used 
in the clinical management of AD.3,4 However, the incidence of adverse events (AEs) asso-
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ciated with donepezil (e.g., abdominal pain, nausea and vom-
iting, anorexia, and diarrhea) increases with the administered 
dose, which can lead to difficulty in achieving and maintaining 
high therapeutic doses in clinical practice.5-7 These dose-de-
pendent adverse symptoms linked to cholinergic hyperstim-
ulation are related to plasma concentration fluctuations.8 A 
novel therapeutic approach using a transdermal delivery sys-
tem may be a solution to the above-mentioned limitations. 
Delivering a drug through the skin directly into the blood-
stream avoids first-pass effects, therefore reducing rates of nau-
sea and vomiting.9,10 Compared with oral formulations, trans-
dermal patch formulations can reduce the maximum systemic 
drug concentration by decreasing the absorption rate, which 
decreases the necessary dosing frequency; this lower frequency 
leads to improved treatment compliance. Indeed, this admin-
istration route is particularly useful in patients with chronic 
neurological disorders because it can circumvent their unwill-
ingness or inability to swallow; it also avoids the need for intra-
muscular injections or intravenous infusions.11,12 Moreover, it 
provides stable blood drug levels over an extended period and 
improves patient compliance because there is no requirement 
to manage medication timing or carry pills.13 The present study 
was performed to determine the efficacy and safety of IPI-301 
donepezil transdermal patches in comparison with oral done-
pezil tablets after 24 weeks of treatment in patients with mild-
to-moderate AD.

METHODS

Study design
This clinical trial had a phase III prospective, double-dum-
my, double-blind, multidose, active comparator, randomized, 
two-arm parallel, cohort expansion, multicenter design; it 
began on October 11, 2017 and ended on July 20, 2020. The 
trial was performed at 46 study sites: 22 in Republic of Korea, 
12 in Taiwan, 4 in Malaysia, and 8 in Australia. For random-
ization, the patients were stratified based on their previous 
experiences with and doses of donepezil; each stratum was 
randomized to either the IPI-301 or oral donepezil (control) 
group at a 1:1 ratio. The test drug, a transdermal patch, or its 
placebo applied twice a week (3- or 4-day intervals) before bed-
time. If it was not possible to apply the patch before bedtime, it 
was applied at a different time point based on the judgment 
of the investigator. Follow-ups were performed whenever 
the patch was applied. The control drug or its placebo was ad-
ministered orally once daily before bedtime. If it was not pos-
sible to take the drug before bedtime, it was administered at 
the appropriate time based on the judgment of the investiga-
tor and a follow-up was carried out after the tablet was admin-
istered. All patients completed the following questionnaires: 

Alzheimer’s Disease Assessment Scale–Cognitive (ADAS-
Cog),14 Clinician Interview-Based Impression of Change plus 
caregiver input (CIBIC-Plus),15 Alzheimer’s Disease Coopera-
tive Study–Activities of Daily Living (ADCS-ADL),16 Neuro-
psychiatric Inventory (NPI),17 and the Columbia Suicide Se-
verity Rating Scale (C-SSRS).18 The patients were administered 
either IPI-301 or oral donepezil (or rescue medication if nec-
essary) for 24 weeks as specified in the study design with re-
gard to doses and dosage regimens. Data regarding treatment 
dosing (oral tablet intake and patch application) and patch re-
moval time points were also collected from the provided pa-
tient diaries over 24 weeks. Visits were carried out at 6-week 
intervals throughout the treatment period. Donepezil-naïve 
patients were administered the assigned treatment at a lower 
dose (i.e., 87.5 mg/25 cm2 IPI-301 or 5-mg donepezil tablets) 
for the first 6 weeks and then changed to the higher dose (i.e., 
175 mg/50 cm2 IPI-301 or 10-mg donepezil tablets) at the third 
visit if no serious adverse drug reactions or other clinically sig-
nificant symptoms occurred. To monitor the safety of drug-
naïve patients, follow-up phone calls were performed at weeks 
2 and 4 after the dose increase at the third visit. AE occurrenc-
es and concomitant medication use were also evaluated. The 
treatment visits ended at week 24 after the first treatment, and 
safety was monitored until 4 weeks after the final dose (Fig. 1).

Participants
The study population consisted of patients with mild-to-
moderate AD, all of whom had a clinical diagnosis of prob-
able AD according to the criteria of the text revision of the 
fourth edition of the Diagnostic and Statistical Manual of 
Mental Disorders,19 National Institute of Neurological and 
Communicative Disorders and Strokes, and Alzheimer’s Dis-
ease and Related Disorders Association.20 Our inclusion crite-
ria were as follows: age 50–85 years prior treatment with done-
pezil at 5 or 10 mg/day for at least 3 months prior to screening 
or no prior treatment with donepezil (naïve patients), mild-
to-moderate AD defined as Mini-Mental State Examination 
(MMSE) score21 ≥10 and ≤26 at screening, global Clinical 
Dementia Rating (CDR) score22 ≤2, presence of a reliable 
caregiver sufficiently familiar with the patient who could pro-
vide accurate information to the investigators, and both the 
patient and their caregiver agreeing to participate. The exclu-
sion criteria were as follows: any diagnosis of possible, prob-
able, or confirmed vascular dementia according to the crite-
ria of the National Institute of Neurological Disorders and 
Stroke and Association Internationale pour la Recherche et 
I’Enseignement en Neurosciences;23 history or evidence (e.g, 
computed tomography (CT) or magnetic resonance imag-
ing (MRI) findings obtained within the last 12 months or at 
screening) of other central nervous system disorders (cere-
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brovascular disease, structural or developmental anomaly, ep-
ilepsy, or communicable, degenerative, or infectious/demye-
linating central nervous system conditions) as the cause of 
dementia (e.g., more than three lacunar infarcts larger than 
10 mm each, or severe white-matter disease equaling an eval-
uation rating of 3 on the Age-Related White Matter Changes 
scale); any severe or unstable medical disease that could in-
terfere with the patient participating in any processes of the 
study (e.g, severe pulmonary, cardiovascular, gastrointestinal, 
hematological, endocrine, hepatic, or renal disease); and an-
tidementia drug treatment with other than donepezil (galan-
tamine, rivastigmine, and/or memantine) within 3 months 
prior to the date that informed consent was provided. Writ-
ten informed consent was obtained from each patient prior 
to study initiation. Patients were considered eligible if they 
had voluntarily consented to participate in the clinical trial, 
met the inclusion criteria, and did not have of the exclusion 
criteria. All patients underwent medical history assessments, 
physical examinations, clinical laboratory tests, and other 
assessments at screening within 4 weeks prior to the first 
treatment administration (day 1). However, if a previous 
neuroimaging (MRI or nonenhanced CT) result within the 
previous 12 months was not available for review, an extended 
screening period of up to 6 weeks (i.e., 42 days prior to day 0) 
was permitted for the patient, in which they underwent MRI 
or nonenhanced CT. The study was conducted in accordance 

with the Declaration of Helsinki and principles of Good 
Clinical Practice. The institutional review board of each hos-
pital approved the protocol and consent forms prior to study 
initiation. 

Outcome measures and safety
The primary objective of this trial was to determine the non-
inferiority of IPI-301 transdermal patch relative to oral done-
pezil tablets after 24 weeks of treatment in patients with mild-
to-moderate AD by assessing cognitive function improvements 
based on the ADAS-Cog. Secondary efficacy endpoints were 
as follows: the CIBIC-Plus score at the end of dosing (week 
24), the change in MMSE score after 24 weeks of treatment 
(compared to screening [prior to week 4]), the change in ADCS-
ADL score after 24 weeks of treatment (compared with baseline 
[day 0]), and NPI score improvement after 24 weeks of treat-
ment (compared with baseline [day 0]). The changes in degree 
(frequency×severity) and the amount of change in the total 
score for suffering experienced by the caregiver were evaluat-
ed. The changes in global CDR and CDR–Sum of Box (CDR-
SOB) scores after 24 weeks of treatment (compared with 4 
weeks prior) were also included in the assessment. Safety 
was followed up until 4 weeks after administration of the last 
dose. At the end of each visit, medical examinations (inter-
views, physical examinations, vital-sign checkups, C-SSRS 
score, and clinical laboratory tests) were performed in accor-

Donepezil

IPI-301 87.5 mg/25 cm2 or donepezil tablet 5 mg

IPI-301 175 mg/50 cm2 or donepezil tablet 10 mg

IPI-301 87.5 mg/25 cm2 or donepezil tablet 5 mg

IPI-301 175 mg/50 cm2 or donepezil tablet 10 mg

Safety FU

Screening 
(-W4)

W4 W6
W2 

(D±7)
W4 

(D±7)

W6 W6 W6 W4

Randomization 
(D0)

Interim visit 
(W6)

Monitoring 1 
(Phone calls)

Monitoring 2 
(Phone calls)

EoT (W24), end of treatment visit; EoS (W28), end of study visit

Interim visit 
(W12)

Interim visit 
(W18)

EoT 
(W24)

EoS 
(W28)

Previous dose 5 mg

Previous dose 10 mg

Drug-naïve

Fig. 1. Clinical protocol of the study.
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dance with the planned study timeline.

Sample size and randomization
In this clinical trial, 376 patients were randomly assigned to 
the two groups to ensure recruitment of at least 131 patients 
in each, considering a possible 30% dropout rate. The crite-
rion for noninferiority in this study was evaluated based on 
the change in ADAS-Cog score as the primary endpoint, 
with the statistical power of the test set at 83%. The sample 
size calculated based on a significance level (α) of 0.025 (one-
sided), an allocation ratio of study samples between the two 
groups (λ) of 1, and a noninferiority margin was 2.02 (lower 
limit of the 95% confidence interval [CI] based on a previ-
ous meta-analysis). 

Statistical analysis
The data obtained in this clinical trial were analyzed in both 
a per-protocol set (PPS) and full-analysis set (FAS). The safe-
ty data were analyzed in the safety set. PPS analysis was re-
garded as the main analysis in this clinical trial. The primary 
endpoint in this trial was noninferiority of IPI-301, defined as 
a two-sided 95% CI upper bound for the difference between 
the IPI-301 and donepezil tablet (control) groups of <2.02 
regarding the ADAS-Cog score change after 24 weeks of 
treatment compared with baseline (day 0). Between-group 
comparisons of continuous data were performed using paired 
t-tests or Wilcoxon rank-sum tests. These tests were also used 
to assess within-group differences. Pearson’s chi-squared or 
Fisher’s exact tests were used to examine differences in cate-
gorical data. Any missing values that arose during the primary 

efficacy evaluation after treatment were corrected. However, 
raw data were used in the secondary efficacy and safety eval-
uations without missing-value corrections. All analyses were 
performed using SAS software (version 9.4, SAS Institute Inc., 
Cary, NC, USA), and p<0.05 was considered significant in 
all analyses.

RESULTS

Baseline demographics
In total, 498 patients were initially screened for inclusion in 
the trial. Among the 399 patients remaining after excluding 
99 patients, 303 (75.9%) completed the trial. Overall, 96 pa-
tients (24.1%) were withdrawn or dropped out during the 
clinical trial: 33 (8.3%) experienced safety-related acute reac-
tions, 9 (2.3%) experienced serious AEs and adverse drug re-
actions, 32 (8.0%) withdrew consent, 12 (3.0%) had other 
reasons, and 10 (2.5%) violated eligibility criteria. The patients 
included in the FAS consisted of 159 males (42.6%) and 214 
females (57.4%) aged 73.07±7.30 years (mean±SD). Regarding 
previous donepezil use and dosages used as stratification fac-
tors during patient recruitment, 219 (58.7%) and 62 (16.6%) 
patients had received doses of 10 and 5 mg/day, respectively, 
and 92 patients (24.7%) were naïve. The safety set included 393 
(98.5%) of the 399 randomized patients: 195 (98.0%) and 198 
(99.0%) in the IPI-301 and donepezil tablet control groups, re-
spectively. The FAS included 373 patients (93.5%): 183 (92.0%) 
and 190 (95.0%) in the IPI-301 and donepezil tablet control 
groups, respectively. The PPS included 257 patients (64.4%): 
119 (59.8%) and 138 (69.0%) in the IPI-301 and donepezil tab-

Screened 
n=498

Randomized 
n=399

Withdrawal 
n=57

Experiences an acute reaction, n=23
Does not meet the inclusion/exclusion criteria, n=4
An SAE or ADR, n=4
Subject demands withdrawal from the study, n=18
Other, n=8

Experiences an acute reaction, n=10
Does not meet the inclusion/exclusion criteria, n=6
An SAE or ADR, n=4
Subject demands withdrawal from the study, n=13
Other, n=4

Withdrawal 
n=37

Treatment completion 
n=142

Study completion 
n=141

      Withdrawal: 
      Subject demands withdrawal from 
        the study, n=1

      Withdrawal: 
      An SAE or ADR, n=1

Study completion 
n=162

Treatment completion 
n=163

Donepezil tablet 
n=200

IPI-301 
n=199

Fig. 2. Sample flowchart of participant inclusion throughout the trial. ADR, adverse drug reaction; SAE, serious adverse event.
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Table 1. Demographics and baseline characteristics (full-analysis set)

IPI-301 (n=183) Donepezil tablet (n=190) p Total (n=373)
Age (yr) 0.6059*

Mean±SD 72.90±7.12 73.24±7.49 73.07±7.30

Median (min, max) 73.00 (52.00, 85.00) 74.00 (55.00, 85.00) 74.00 (52.00, 85.00)

Sex, n (%) 0.8328†

Male 77 (42.08) 82 (43.16) 159 (42.63)

Female 106 (57.92) 108 (56.84) 214 (57.37)

Ethnicity, n (%) -

Hispanic or Latino 0 (0) 0 (0) 0 (0)

Not Hispanic or Latino 181 (98.91) 186 (97.89) 367 (98.39)

Not reported 2 (1.09) 4 (2.11) 6 (1.61)

Unknown 0 (0) 0 (0) 0 (0)

Race, n (%) 0.7372†

American Indian or Alaskan native 0 (0) 0 (0) 0 (0)

Asian 171 (93.44) 174 (91.58) 345 (92.49)

Black or African American 0 (0) 0 (0) 0 (0)

Native Hawaiian or other Pacific islander 0 (0) 0 (0) 0 (0)

White 12 (6.56) 14 (7.37) 26 (6.97)

Not reported 0 (0) 2 (1.05) 2 (0.54)

MMSE 0.3799*

Mean±SD 18.87±4.23 19.20±4.29 19.04±4.25

Median (min, max) 19.00 (10.00, 26.00) 20.00 (10.00, 26.00) 19.00 (10.00, 26.00)

Global CDR scores 0.7980*

Mean±SD 0.92±0.50 0.88±0.44 0.90±0.47

Median (min, max) 1.00 (0.50, 2.00) 1.00 (0.50, 2.00) 1.00 (0.50, 2.00)

CDR sum of box scores 0.5987*

Mean±SD 5.21±2.84 4.96±2.56 5.08±2.70

Median (min, max) 4.50 (0.50, 14.00) 4.50 (0.50, 14.00) 4.50 (0.50, 14.00)

*Wilcoxon rank-sum test; †chi-square test.
CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination.

let control groups, respectively (Fig. 2). Ages, sex ratios, pre-
vious donepezil use or dosages used, and racial profiles did 
not differ significantly between the two groups (Table 1).

Efficacy and safety
The primary objective of the present trial was to determine 
the noninferiority of IPI-301 donepezil transdermal patch-
es relative to donepezil tablets after 24 weeks of treatment 
in patients with mild-to-moderate AD by assessing cognitive 
function improvements based on the ADAS-Cog. PPS analy-
sis indicated that there were no significant differences in the 
changes of ADAS-Cog score at week 24 between the IPI-301 
and donepezil tablet control groups compared with baseline 
(-0.47±5.74 vs. -0.93±4.89, p=0.8975) (Table 2). There was also 
a difference—quantified as the Hodges–Lehmann estimate of 
location shift—of 0.00 (95% CI: -1.00 to 1.33) between the 
IPI-301 and donepezil tablet control groups. Noninferiority 
was established as the upper bound of the 95% CI of the dif-
ference (<2.02) (Fig. 3). PPS analysis of the secondary out-

come measures indicated that there were no significant dif-
ferences between the two groups in the change in MMSE scores 
at week 24 compared with baseline (p=0.7018). PPS analysis 
also indicated that there were no significant differences be-
tween the two groups in CIBI-Plus scores at baseline (day 0) or 
CIBIC-Plus scores after 24 weeks of treatment (p=0.6974 and 
p=0.9097, respectively), in the changes in NPI intensity and 
caregiver suffering scores at week 24 compared with baseline 
(p=0.7656 and p=0.3433, respectively), or in the changes in 
global CDR score at weeks 12 and 24 compared with base-
line (p=0.5417 and p=0.9990, respectively). The changes in 
CDR-SOB score at weeks 12 and 24, compared with baseline, 
also did not differ significantly between the two groups (p= 
0.9947 and p=0.9520, respectively). 

PPS analysis indicated that there were no significant dif-
ferences between the two groups in the changes in ADCS-ADL 
score at week 12 compared with baseline (p=0.1924). The 
change in ADCS-ADL score at week 24, compared with base-
line, differed significantly between the two groups (p=0.0200) 
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Fig. 3. Effect of IPI-301 (donepezil transdermal patch) on Alzheimer’s Disease Assessment Scale–Cognitive (ADAS-Cog) scores in patients with 
mild-to-moderate probable Alzheimer’s disease (AD). The change in the ADAS-Cog score from baseline to 24 weeks was considered the primary 
endpoint. In both the per-protocol set (PPS) and full-analysis set (FAS), the patients assigned to the IPI-301 group experienced similar effects to the 
control group (donepezil tablets) from the baseline scores at week 24 (95% two-sided confidence interval upper bound for the difference of <2.02). 

-1.00
0.00

1.33

-0.67 0.33
1.34

-1.5 -0.5 0 0.5 1 1.5 2

Difference in the ADAS-Cog score changes (PPS)

Difference in the ADAS-Cog score changes (FAS)

Noninferiority margin 2.02

-1

Table 2. Changes from baseline at week 24 for primary efficacy measures (Alzheimer’s Disease Assessment Scale–Cognitive score, per-protocol set) 

IPI-301 (n=119) Donepezil Tablet (n=138)
Mean±SD Median (min, max) Mean±SD Median (min, max)

Baseline (day 0) 25.13±8.77 23.67 (6.67, 54.00) 23.93±7.38 23.5 (6.67, 43.00)

Week 24   24.66±10.37 23 (8.00, 62.00) 23.00±8.41 23.33 (6.66, 49.67)

Change from baseline to week 24 -0.47±5.74 -0.33 (-15.33, 25.00)  -0.93±4.89 -1 (-17.00, 17.33)

Hodges-Lehmann estimation-location shift (IPI-301 - Donepezil tablet): 0.00 (95% CI, -100 to 1.33), p=0.8975. If the upper limit of 95% two-sided CI 
<2.02 (noninferiority margin), test group is not inferior to the control group. Assumption of normality is rejected. Nevertheless, parametric 
method=treatment difference (95% CI) =0.46* (-0.85, 1.76), p=0.4911* (*t-test).
ADAS-Cog, Alzheimer’s Disease Assessment Scale–Cognitive.

(Table 3). However, the subgroup analysis of changes in the 
full-itemized ADCS-ADL score excluding missing individu-
al values at week 24 indicated that there was no significant dif-
ference between the two groups. Results of the full-itemized 
ADCS-ADL “improvement” responder analysis (involving 
patients with less-than-maximal functionality at baseline, but 
who improved during the study course) are provided in Sup-
plementary Fig. 1 (in the online-only Data Supplement). The 
amounts and percentages of patients who experienced AEs 
are listed in Table 4. Serious adverse drug reactions and deaths 
only occurred in the donepezil tablet control group. However, 
the IPI-301 group presented significantly more local treat-
ment-emergent AEs (TEAEs) such as pruritus or erythema 
compared with the control group. There were 36 TEAEs in 
27 patients (13.85%) and 19 in 12 patients (6.06%) that led to 
early study termination in the IPI-301 and donepezil tablet 
control groups, respectively. Specifically, pruritus occurred in 
10 patients (5.13%, 10 events) in the IPI-301 group and in 1 
(0.51%, 1 event) in the donepezil tablet control group. Erythe-
ma occurred in four patients (2.05%, four events) in the IPI-
301 group and in one (0.51%, one event) in the control group. 

Therefore, two types of events, pruritus or erythema, led to 
the difference in TEAE incidence that resulted in withdrawal 
from the trial between the two groups, which constituted 12 of 
the 15 events. The score for the C-SSRS, a subindicator ques-
tionnaire that assesses suicide risk, did not increase compared 
with baseline in either group during the study period.

DISCUSSION

Donepezil is a well-known reversible noncompetitive cho-
linesterase inhibitor that is used worldwide to treat cognitive 
symptoms in patients with mild-to-severe AD.24,25 The most 
commonly used cholinesterase inhibitor formulations are 
currently oral tablets. However, oral cholinesterase inhibitors 
frequently induce adverse effects, such as gastrointestinal 
disorders and hepatic dysfunction caused by elevated periph-
eral acetylcholine levels.5,26 In comparison with oral formula-
tions, patch formulations can reduce the maximum systemic 
drug concentration by decreasing the absorption rate, leading 
to a reduced dosing frequency and to improving treatment 
compliance. The present 24-week, multinational, multicenter, 
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randomized, double-blind, prospective clinical trial was per-
formed to determine the efficacy and safety of a novel done-
pezil transdermal patch formulation, IPI-301, in comparison 
to the standard donepezil tablet formulation as a control. 
The percentages of patients with ≥80% treatment compliance 
in the FAS were 89.81% and 88.74% for the IPI-301 and do-
nepezil tablet control groups, respectively, indicating that over-
all treatment compliance was favorable. 

This study found no significant difference in the change in 
ADAS-Cog between the two groups with noninferiority in 
the main analysis set (PPS) and in the FAS. The clinical bene-
fit of applying an IPI-301 donepezil transdermal patch twice 
weekly in maintaining cognitive function was therefore simi-
lar to that for daily treatment with donepezil tablet. The IPI-
301 donepezil transdermal patch was suitable for use in pa-
tients who experienced difficulty in oral administration, and 
had a similar efficacy. We also observed that the ADCS-ADL 
score after 24 weeks was slightly lower in the IPI-301 group 
than in the control group. However, subgroup analysis accord-
ing to each individual factor of ADCS-ADL indicated that 
there was no significant difference between the two groups 
(Supplementary Fig. 1 in the online-only Data Supplement). 
We therefore suggest that IPI-301 had no meaningful influ-

ence on the activities of daily living compared with the control. 
Notably, there were no significant differences in other second-
ary outcome measures (NPI, CIBIC-Plus, MMSE, CDR-SOB 
scores) between the IPI-301 and control groups compared 
with baseline. Among the 399 randomized patients, 393 
(98.5%) were included in the safety set: 195 (98.0%) and 198 
patients (99.0%) in the IPI-301 and donepezil tablet control 
groups, respectively. Evaluations of AEs, vital signs, and labo-
ratory test results (e.g., hematology, blood chemistry, and uri-
nalysis) indicated that the safety of the IPI-301 donepezil 
transdermal patch did not differ from that of oral donepezil 
tablets. Serious adverse drug reaction or death cases were only 
reported in the control group, but the rates of local TEAEs, 
including pruritus and erythema, were higher in the IPI-301 
group. In particular, most events responsible for the significant 
intergroup difference in TEAEs leading to withdrawal from 
the trial were caused by pruritus or erythema (12 of 15 events). 

A previous clinical trial found that switching from oral riv-
astigmine to transdermal rivastigmine patch was safe and 
tolerable in patients with AD, despite an increased incidence 
of skin reactions (e.g., itching and erythema).27 Pruritus and 
erythema are subjective and objective symptoms, respectively, 
that can easily be recognized without the need for any partic-

Table 3. Changes from baseline at week 24 for secondary efficacy measures (per-protocol set)

Outcome measures 
Changes from baseline at week 24

IPI-301 (n=119) Donepezil tablet (n=138) p*

CIBIC-plus  4.15±0.91, 4.00   4.11±0.86, 4.00 0.9097

MMSE -0.55±2.49, 0.00 -0.40±2.32, 0.00 0.7018

ADCS-ADL  -3.06±8.11, -2.00 -1.05±6.96, 0.00 0.0200

Total score of intensity  -2.16±8.96, -1.00   -1.66±8.69, -1.00 0.7656

Total score of distress felt by the caregivers  -1.78±4.34, -1.00 -1.06±5.36, 0.00 0.3433

Global CDR Scores  0.05±0.28, 0.00   0.06±0.26, 0.00 0.9990

CDR sum of Box Scores  0.47±1.33, 0.00   0.38±1.35, 0.00 0.9520

Values are presented as mean±SD, median.
*Wilcoxon rank-sum test.
ADCS-ADL, Alzheimer’s Disease Cooperative Study-Activities Daily Living; CDR, Clinical Dementia Rating; CIBIC-plus, Clinician Interview-Based Impres-
sion of Change, plus caregiver interview; MMSE, Mini-Mental State Examination.

Table 4. Summary of adverse events observed during the clinical trial

Advers events
IPI-301 (n=195) Donepezil tablet (n=198)

p
n (%) Events (95% CIs) n (%) Events (95% CIs)

Pretreatment AEs 13 (6.67) 17 (3.17, 10.17) 16 (8.08) 18 (4.28, 11.88) 0.5919*

Total TEAEs 129 (66.15) 396 (59.51, 72.80) 115 (58.08) 333 (51.21, 64.95) 0.0991*

Total local TEAEs   78 (40.00) 132 (33.12, 46.88)   38 (19.19)   79 (13.71, 24.68) <0.0001*

Total SAEs 16 (8.21) 18 (4.35, 12.06) 15 (7.58) 17 (3.89, 11.26) 0.8170*

Total SADRs - -   3 (1.52)   3 (0.00, 3.22) 0.2481†

Total treatment-related TEAEs   87 (44.62) 186 (37.64, 51.59)   56 (28.28)   143 (22.01, 34.56) 0.0008*

Total TEAEs that led to study withdrawal   27 (13.85) 36 (9.00, 18.69) 12 (6.06) 19 (2.74, 9.38) 0.0098*

Total deaths - -   2 (1.01)   2 (0.00, 2.40) 0.4988†

*Chi-square test; †Fisher’s exact test.
AEs, adverse events; SADR, serious adverse drug reactions; SAEs, serious adverse events; TEAEs, treatment emergent adverse events.
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ular diagnostic tool. IPI-301 was generally well-tolerated, as 
indicated by the mild severity of most TEAEs; the few serious 
AEs in this study all occurred in the control group. IPI-301 is 
a new patch formulation that can reduce the maximum sys-
temic drug concentration by decreasing the absorption rate, 
leading to reduced dosing frequency and improved treatment 
compliance. Previously reported pharmacokinetic analyses 
of IPI-301 predicted that a 175-mg donepezil patch applied 
at 72- and 96-h intervals would have similar concentration 
profiles to oral dosing with 10 mg of donepezil at a 24-h in-
terval, while an 87.5-mg patch applied at 72- and 96-h inter-
vals would be similar to oral dosing with 5 mg of donepezil at 
a 24-h interval.28 Previous studies found that the mean con-
centration and 72-h area under the curve in the steady state 
were slightly higher for patch regimens than for the corre-
sponding oral dosing regimens; the plasma concentration over 
time was much more stable in each individual after applying 
the patch formulation than after oral administration.29 The 
pharmacokinetic mechanism of IPI-301 is presumed to main-
tain stable clinical effects even if applied twice weekly. More-
over, the slower increase in its plasma concentration is known 
to reduce AEs, while the higher Cmax and sustained efficacy 
may increase cognitive benefits.12,30 IPI-301 may therefore be a 
useful new alternative that can address needs arising from 
patient preferences or health conditions, including gastroin-
testinal disorders and liver diseases; it can also aid in treating 
patients who experience difficulty in taking oral medications, 
when applied with symptom monitoring after patch applica-
tion (for pruritus), application-site examinations (e.g., for er-
ythema), patch hypersensitivity reaction history evaluations, 
and appropriate medication counseling. On the basis of the 
above points, IPI-301 is considered noninferior to an existing 
donepezil preparation for oral use in patients with mild-to-
moderate AD regarding the efficacy of cognitive function im-
provement, as assessed by the ADAS-Cog, and it has a favor-
able safety profile.

In conclusion, a novel donepezil transdermal patch for-
mulation, IPI-301, was safe and efficacious for patients with 
mild-to-moderate AD when compared with oral donepezil. 
Based on the results of this study, IPI-301 can be recom-
mended for patients with mild-to-moderate AD who experi-
ence hypersensitivity reactions during oral donepezil formula-
tion treatment and for patients who have swallowing difficulties 
or refuse to take oral medications.
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