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ABSTRACT

Background: A new era of Alzheimer’s disease (AD) research is beginning with multiple approved anti-amyloid
monoclonal antibodies (mABs). These drugs are currently not widely used, but may be soon, especially at
clinical trial sites. Putative disease-modifying therapies (DMTs) may alter the progression rate, potentially
reducing our ability to detect effects on top of mABs. Co-administration of amyloid-targeted agents may diminish
benefit (antagonism, due to the overlapping mechanism of action); alternatively, complementary treatment
mechanisms may increase benefit (synergy).

Method: We consider several clinical trial design scenarios: a 2-arm trial added-on to a mAB, a 2-arm combination
compared to double placebo, and a 4-arm full factorial trial. We calculate the required sample sizes for the
shortest practical study for secondary prevention (prevention of AD clinical diagnosis in biomarker positive
individuals, 2-year study), early AD (18-months), and mild-to-moderate AD (1-year). We consider additivity,
antagonism, and synergy.

Result: The expected interaction between investigational and mAB treatment can have a large effect on power
and study design. Antagonistic treatment effects often require double the sample size of synergistic effects. The 4-
arm scenario required ~10-fold increase compared to a 2-arm combination study.

Conclusion: Studies evaluating investigational therapies as add-on to mABs are complex, and their cost will
depend on the interaction between treatments. An inescapable fact in add-on trials is the slower progression of
the control arm; and it is difficult to further slow already slow progression. Treatments that are likely to work
better with amyloid removal will be easier to study due to their complementary MOA. Symptomatic treatments
may require fewer additional subjects than disease-modifying treatments since they are less affected by the
presence or absence of mABs.

1. Introduction

1.1. Research setting

1.2. Development of combination therapy is urgently needed in AD

AD is a complex disease, likely with more than one pathogenetic
mechanism contributing to the onset and progression of the disease

The disease modifying treatments (DMTs) lecanemab and donane-
mab have received full approval from FDA in June 2023 and July 2024
for the treatment of early Alzheimer’s disease; and are covered by
Medicare and Medicaid for eligible patients. Subsequently, they are now
receiving regulatory authorization in ex-US regions, albeit at a slow
pace. These treatments usher in a new era for the AD field, with wide-
spread ramifications, including for the design of investigational drug
trials.

[1-3]. Treatment is further complicated by the frequent presence of
co-pathologies, such as alpha-synuclein and TDP-43, alongside amyloid
and tau pathology. Given this heterogeneity, therapies that target more
than one underlying mechanism may be necessary to achieve significant
clinical benefit, and combination treatment is a straight-forward
approach to target multiple mechanisms.

For example, the approved mABs treatments reduce amyloid burden
markedly in the brain, to sub-pathogenic levels in many patients;
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however, this results in only moderate average slowing of cognitive
decline[4,5]. Other than amyloid beta accumulation, possible patho-
genic mechanisms of AD include p-Tau aggregation and neurotoxicity,
nueroinflammation[6], synaptic dysfunction and demyelination, mito-
chondrial dysfunction, lysosomal dysfunction, lipid abnormalities, in-
sulin resistance [7,8], and more [1-3].

Combination treatments have been at the heart of key medical
breakthroughs in the treatment of cancer[9,10] and AIDS[11,12], and
about 25 % oncology trials are combination therapy trials[13]. Combi-
nation therapies are also commonly used in other complex diseases,
including cardiovascular disease[14], pulmonary disease, and autoim-
mune diseases. Given the complexity of AD, it would not be surprising if
therapies that combine drugs with different MOAs may be more effica-
cious than a single drug that works on a single mechanism. Beyond
increased efficacy, combination therapy may offer additional advan-
tages over monotherapy, such as reduced required dosages with main-
tained efficacy, lower toxicity, fewer side effects, and decreased risk of
drug resistance[15].

1.3. Design options (Combination trial and add-on trial)

Combination therapy is when both treatments are included and
provided as part of the study. Add on therapy is when patients come to
the study already taking some medication that is not the main focus of
the study.

When acetylcholinesterase inhibitors (ChEi) were the only available
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treatments for AD and later when memantine was also available, some
AD treatment trials were designed as an add-on to standard of care
(ChEi, memantine, both or neither),These add-on trials required the use
of existing treatments[16], with examples trails like memantine and
ChEi, ginkgo biloba extract EGb 761 and donepezil[17], multivitamin
(Be, B16, and folic acid) and ChEi [18].

For these add-on trials, treatment effects were assessed in two arms,
ChEi + investigational therapy and ChEi + placebo. Different designs
have been used for investigational drug add-on trials, including 2-arm,
3-arm, and 4-arm designs. A simple 2-arm design allows the approved
treatment as a background treatment, which must be stabilized prior to
the randomization to add-on either placebo or the investigational drug.
Stabilization periods of 2-6 months have typically been used [19-23].

A variation of the simple add-on design is the controlled/sequential
add-on design in which treatment naive participants are enrolled. All
participants start the approved treatment at the start of the trial for a
stabilization period, then the investigational treatment or placebo is
added to the approved background treatment based on randomization
[24]. Considering that the appropriate use recommendations for Dona-
nemab suggested discontinuation of treatment based on amyloid clear-
ance[25], a sequential add-on trial where the investigational treatment
and placebo are administered right after mAB discontinuation could be
considered in such a case.

Another variation is the de-novo add-on design that also enrolls
treatment naive participants but participants are randomized to start
both the approved treatment and the investigational treatment or
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Fig. 1. Example clinical trial designs for add-on and combination trial. a, 2-arm designs; b, 4-arm designs.



S.P. Dickson et al.

placebo at the same time, immediately after randomization [26]. Other
variations of these add-on designs include testing multiple doses of the
investigational treatment [27,28]. Many other variations also exist and
are not enumerated here.

Another option called the 2-arm combination design has a combi-
nation treatment arm and a double placebos arm. Examples of 2-arm
designs are illustrated in Fig. la.

Common implementations of 4-arm add-on designs entail a two-by-
two factorial arrangement of treatments: 1) investigational drug +
placebo, 2) approved drug + placebo, 3) investigational drug +
approved treatment, 4) placebo + placebo. As with the 2-arm design,
participants could be de novo or stabilized on the background /
approved treatment prior to randomization. The 4-arm design allows
testing the following hypotheses: 1) investigational drug vs placebo; 2)
investigational drug vs approved treatment, as either a superiority or
non-inferiority test; 3) combination treatment vs approved treatment; 4)
approved treatment vs placebo as a positive control to assess assay
sensitivity; and 5) combination arm vs placebo, although this hypothesis
is commonly of less scientific and regulatory interest. Examples of 4-arm
designs are illustrated in Fig. 1b

Add-on trials can use 3-arm designs to either include the combina-
tion arm and the two single treatment arms[17] or the combination arm,
background only arm, and the double placebo arm[29,30]. In the double
placebo arm, one placebo matches the investigational treatment, and the
other placebo matches the approved treatment.

The choice of design is driven by trial objectives and regulatory
considerations. However, these design choices can have major impli-
cations on trial size and feasibility. For example, the two-by-two facto-
rial, 4-arm design can provide the most information regarding the
various treatment combinations, but at the cost of a larger trial.

The recent approvals of anti-amyloid mABs in AD motivates
consideration of trial designs to investigate combination treatments that
include an approved mAB treatment and an investigational treatment.
The primary aim of this investigation is to assess the sample sizes
required and summarize other design considerations for combination
trials.

2. Methods

The sample size implications of three combination trial designs (2-
arm add-on, 2-arm combination, and 4-arm combination) were inves-
tigated across scenarios defined by three disease stages (AD prevention,
early AD, and mild-to-moderate AD). Three general types of combina-
tion drug effects were investigated: additive, synergistic, and
antagonistic.

2.1. Placebo mean to standard deviation ratio (MSDR) for clinical
outcomes in different stages

The progression rate and the most prevalent symptoms vary
throughout the course of AD [31-33]. The mean to standard deviation
ratio (MSDR) is a metric that provides a standardized method to
compare magnitude of disease progression across outcomes within a
trial and between trials. Mathematically, the MSDR is the mean change
from baseline divided by the standard deviation in change from base-
line. MSDR is most often applied to the control arm of a trial as an
assessment of how much progression the investigational drug has the
opportunity to prevent.

Consistent with this, we assumed different primary outcomes for
populations at different AD stages. These selections were based on
outcomes optimized for the specific populations, even if there has not
been universal acceptance of these outcomes by regulators. In practice,
slow adoption by regulators of optimized outcomes will lead to larger
sample sizes or greater type II error, but for pivotal trials, traditional
outcomes may be necessary. For the prevention population (participants
have confirmed AD pathology but on clinical diagnosis), the Alzheimer’s
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Prevention Initiative Preclinical Composite Cognitive test (APCC), an
optimal composite cognitive test score comprised of seven cognitive
tests/subtests is chosen, with an MSDR = 0.34 for 2-year studies [34].
For the early AD population, ADCOMS, a composite clinical outcome for
prodromal Alzheimer’s disease trials, is chosen, with an estimated
MSDR of 0.55 for 18-month trials [35]. For the mild to moderate AD
population, the combined MSDR of the Alzheimer’s Disease Assessment
Scale (ADAS-cog), the Mini-Mental State Examination (MMSE), and
Clinical Dementia Rating Sum of Boxes (CDR-SB) is 0.67 for 1-year
studies [36].

2.2. Scenarios for treatment interaction

The combined effect of two treatments can be additive, synergistic,
or antagonistic, when the effect of the combination is equal to, greater
than, or less than the sum of the effects of the individual drugs,
respectively.

Table 1 summarizes the % slowing of disease progression for each of
the 3 types of combination effects in each of the 3 designs, assuming the
investigational treatment and the mAB treatment both have 100 % of the
reference effect size (though the actual reference effect size may be large
or small), and the synergistic and the antagonistic effects are 30 %
higher or lower. The standardized treatment effect (Cohen’s D) is equal
to the MSDR in the control arm multiplied by the % slowing of the
investigational treatment. For example, if MSDR = 0.55 and % slowing
= 40 % (similar to the population and slowing of anti-amyloid mAB
trials), the Cohen’s D = 0.55 x 0.40 = 0.22; if the MSDR = 0.34 and %
slowing = 60 % (which may not be unreasonable for a prevention trial),
Cohens D = 0.204.

The Cohen’s D for the various combination arms in each scenario are
summarized in Fig. 2. These effect sizes were used to determine power
and sample size based on the t-test for the treatment contrast at the
endpoint visit.

3. Results
3.1. General considerations

Detailed results for each of the three clinical trial scenarios (pre-
vention, early AD, mild-moderate AD) are presented in the following
respective subsections. General results that apply to all scenarios are
summarized here.

Within scenarios, the effect size for a synergistic treatment effect is
always > additive effect, which is always > than the antagonistic effect.
Therefore, within every scenario the synergistic effect always has the
highest power for a given sample size and the smallest sample size for a

Table 1
Interactions between Investigational treatment and background anti-amyloid
mAB.

Scenarios Effect size (relative

to reference)*

Add-on trial (Combination Additive with 100 %
Treatment vs background background therapy
therapy) Synergistic with 130 %
background therapy
Antagonistic with 70 %
background therapy
2-Arm Combination trial Additive 200 %
(Combination Treatment vs Synergistic additive 230 %
Double Placebo) Antagonistic additive 170 %
4-Arm Combination trial Additive 100 %
(Combination Treatment vs Each  Synergistic additive 130 %

Component) Antagonistic additive 70 %

" Here we assume each treatment has 100% of an anti-amyloid mAB or other
approved treatments (when available), and the synergistic and the antagonistic
effects are 30% higher or 30% lower (relative to the mAB or base treatment).
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Fig. 2. Demonstration of Cohen’s d effect size clinical trial designs with single investigational treatment, add-on investigational treatment to mABs, and 4-arm

combination trials in AD populations.

given power.

Commensurate with the MSDRs, within each type of combination
drug effect (additive, synergistic, antagonistic), power was greater and
sample size lower for mild-moderate AD than for early AD, and early AD
had greater power and smaller sample size than prevention.

3.2. Prevention population

Results are summarized below for the prevention trial scenarios (2-
year treatment duration and MSDR = 0.34). Table 2 summarizes the
number of patients needed for each arm in the trial and the total for the
trial under specific conditions. Fig. 3 depicts sample sizes required
across a range of effect sizes as described by % slowing.

A, Sample size (per group) vs treatment effect (percent slowing
relative to placebo) in single group or add-on trial designs, assuming 80
% power. B, Power vs treatment effect in single group or add-on trial
designs, assuming 100 completers per group. C, Sample size (per group)
vs treatment effect in 4-arm combination trials, assuming 80 % power.

Table 2
Sample size calculation for 2-arm combination, 2-arm add-on, and 4-arm com-
bination trial designs in AD prevention population for 2-year studies.

Scenario N Per Group 80 %  Total N 80 % Power with 100
power power per arm

2-Arm Add-on Trial

Single Treatment is 545 1090 22.2 %
additive

Synergistic: + 30 % 323 646 34.2%

Antagonistic: - 30 % 1111 2222 13.1%

2-Arm Combination Trial (Combination Treatment vs Placebo)

Additive Treatments 137 274 66.7 %

Synergistic: Additive + 104 208 78.5 %
30 %

Antagonistic: additive- 190 380 52.9 %
30 %

4-Arm Combination Trial (All 4 comparisons — Combination vs each, each vs Placebo)

Additive 882 3528 <1%

Synergistic: Additive + 741 2964 1%
30 %

Antagonistic: additive- 1477 5908 <1%
30 %

Assuming a 50 % effect size on disease progression slowing for 2-year studies.
The last column assumes 100 completers per arm.

3.3. Early AD population

Results are summarized below for the early AD trial scenarios (18-
month treatment duration and MSDR = 0.55). Table 3 summarizes the
number of patients needed for each arm in the trial and the total for the
trial under specific conditions. Fig. 4 depicts sample sizes required
across a range of effect sizes as described by % slowing.

A, Sample size (per group) vs treatment effect (percent slowing) in
single group or add-on trial designs, assuming 80 % power. B, Power vs
treatment effect (percent slowing) in single group or add-on trial de-
signs, assuming 100 completers per group. C, Sample size (per group) vs
treatment effect (percent slowing) in 4-arm combination trials,
assuming 80 % power.

3.4. Mild-moderate AD population

Results are summarized below for the mild-moderate AD trial sce-
narios (12-month treatment duration and MSDR = 0.67). Table 4 sum-
marizes the number of patients needed for each arm in the trial and the
total for the trial under specific conditions. Fig. 5 depicts sample sizes
required across a range of effect sizes as described by % slowing.

A, Sample size (per group) vs treatment effect (percent slowing) in
single group or add-on trial designs, assuming 80 % power. B, Power vs
treatment effect (percent slowing) in single group or add-on trial de-
signs, assuming 100 completers per group. C, Sample size (per group) vs
treatment effect (percent slowing)

4. Discussion

In this analysis, we investigated trial design options when combining
an investigational treatment with a standard treatment. The specific
findings of this study apply to the scenarios investigated; however, the
basic approach can be extended and generalized, for example, to any
mechanism of action for background and investigational treatments.
The concepts of synergy, additivity, and antagonism apply universally to
combination treatments even though the type and magnitude of com-
bination effect will vary.

Among the 2-arm combination, 2-arm add-on, and 4-arm combina-
tion trial designs, 2-arm combination trials had the greatest power and
required the smallest sample sizes under the conditions assumed here.
This finding was consistent across all AD populations investigated. These
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Fig. 3. Sample size requirements with different treatment effect sizes for 2-arm combination trials, 2-arm add-on trials, and 4-arm combination trials in AD pre-

vention population.

Table 3
Sample size calculation for 2-arm combination, 2-arm add-on, and 4-arm com-
bination trial designs in early AD population for 18-month studies.

Scenario N Per Group 80 %  Total N 80 % Power with 100
power power per arm

2-Arm Add-on Trial

Single Treatment is 209 418 49.0 %
additive

Synergistic: + 30 % 124 248 71.1 %

Antagonistic: - 30 % 425 850 27.2%

2-Arm Combination Trial (Combination Treatment vs Placebo)

Additive Treatments 53 106 97.2 %

Synergistic: Additive + 41 82 99.4 %
30 %

Antagonistic: additive- 73 146 90.8 %
30 %

4-Arm Combination Trial

Additive 338 1352 5.8 %

Synergistic: Additive + 284 1136 121 %
30 %

Antagonistic: additive- 565 2260 1.8%
30 %

Assuming a 50 % effect size on disease progression slowing for 1.5-year studies.
The last column assuming 100 completers per arm.

results should be unsurprising given that 2-arm combination trials
compare the combined effect of two treatments to placebo, creating the
greatest expected difference in effect between treatment arms, and 4-

arm combination trials have the smallest expected difference in effect
size between arms and the most number of arms; however, these are
important concepts for development programs to consider when deter-
mining the direction of development. For instance, there may be sce-
narios where a 4-arm combination trial is the most efficient design to
address the current needs of a development program, but preference
should usually be given to smaller more focused trials, when possible.

2-arm add-on studies should be considered for an investigational
treatment in an environment where approved treatment is becoming
common. 2-arm combination trials are suitable for treatments with low
risk of side effects, and when drugs are being considered for alternative
indications. Scenarios to consider four-arm studies include when mul-
tiple questions are necessary to move development forward, especially
when treatment interactions are likely both with respect to efficacy and
safety.

By definition, a synergistic effect yields larger effect sizes than an
additive effect, which is larger than an antagonistic effect. In the sce-
narios investigated here, power and sample size varied markedly by type
of treatment interaction. An antagonistic effect (additive effect — 30 %)
resulted in up to double the sample size for the same power compared
with an additive effect. The difference in sample size between antago-
nistic and synergistic scenarios was as much as 3-4-fold increase.

These sample size implications highlight the importance of under-
standing if, and if so how the investigation drug interacts with the
standard / background therapy. Therefore, as much information as is
feasible should be leveraged from pre-clinical and early phase clinical
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Table 4
Sample size calculation for 2-arm add-on, 2-arm combination, and 4-arm com-
bination trial designs in mild to moderate AD population for 1-year studies.

Scenario N Per Group 80 %  Total N 80 % Power with 100
power power per arm

2-Arm Add-on Trial

Single Treatment is 141 282 65.4 %
additive

Synergistic: + 30 % 84 168 86.5 %

Antagonistic: - 30 % 287 574 37.8%

2-Arm Combination Trial (Combination Treatment vs Placebo)

Additive Treatments 36 72 99.7 %

Synergistic: Additive + 28 56 >99.9 %
30 %

Antagonistic: additive- 50 100 98.0 %
30 %

4-Arm Combination Trial

Additive 228 912 18.3 %

Synergistic: Additive + 192 768 321 %
30 %

Antagonistic: additive- 381 1524 6.1 %
30 %

Assuming a 50 % effect size on disease progression slowing for 1-year studies.
The last column assuming 100 completers per arm.

studies to anticipate either additive, synergistic, or antagonistic effects
for the two treatments. In addition, studying a novel therapy alone in a
phase 2/ proof of concept study provides critical information for study
design. Although this investigation focused on efficacy considerations,
the possible interaction of the two treatments in a combination is also
critically important to safety.

Although sample size is a key consideration for combination trials,
other operational issues are also important to consider. For example,
with > 2 active treatments, multiple placebos are needed to blind each
active arm; inclusion and exclusion criteria and adverse event man-
agement and reporting must factor in both active arms.

The 4-arm combination trial allows testing multiple hypotheses
simultaneously: 1) investigational drug vs placebo; 2) combination
treatment vs standard treatment; 3) investigational drug vs standard
treatment, either in a superiority or non-inferiority testing scheme; and
4) standard treatment vs placebo as a positive control to assess assay
sensitivity of the trial. However, the total sample size required for such
studies is formidable. Given the common scenario where many sites in a
trial will enroll a small number of patients, many sites will not have
patients randomized to every arm, creating a confounding of site with
treatment, which can increase variability in the data, thereby diluting
the treatment signal and leading to need for an even larger sample size.
Studies requiring such large sample sizes may benefit from Bayesian or
other adaptive sample size determination, but these designs should be
discussed with regulators prior to use.

In inescapable fact of combination trials that use an approved



S.P. Dickson et al. The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100391

A B

Sample Sizes were Calculated for 80% Power Power for 100 Subjects Per Arm
800 A 100% A== -}-_-_,-..4...._
. iy .*
A S ‘4
A
[} A S
€ 600 ) 7e Trial Design Type
8 * —e— 2-Arm Add-on Trial
SE [y . =& 2-Arm Combination Trial
53 A :
o i 400 *. s Treatment Interaction Type
58 S 50 Additive
o A =o— Synergistic 30%
o ~. =&~ Antagonistic 30%
S A ~
S 200 ~s %
z
25
0 30 40 50 60 70 80
30 40 50 6 70 80 Percent Slowing

50
Percent Slowing

Sample Sizes were Calculated for 80% Power

1000
]
S 750
g 4-Arm Combination Trial
A Z Treatment Interaction Type
55 Additive
$Q 500 ~#= Synergistic 30%
g ~ ~#- Antagonistic 30%
Z

250

30 40 70 80

50 60
Percent Slowing

Fig. 5. Sample size requirements with different treatment effect sizes for 2-arm combination trials, 2-arm add-on trials, and 4-arm combination trials in moderate to
mild AD population.

treatment as the control arm, the control arm will have less progression Declaration of competing interests
than a placebo arm and therefore sample sizes for a given level of power
will be larger than with placebo control. The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
4.1. Considerations of treatment interaction in combination treatment Suzanne Hendrix reports the APC fee for this publication was pro-
vided by Alzheimer’s Drug Discovery Foundation. Suzanne Hendrix
An important consideration for combination trials is the possible reports a relationship with Pentara Corporation that includes: employ-
interaction between two treatments. As our results suggest, the effect ment and equity or stocks. Samuel P Dickson, Craig Mallinckrodt,
size is greater with synergistic interaction and therefore easier to detect Chenge Zhang reports a relationship with Pentara Corporation that in-
in the add-on or combination trials. Whereas antagonistic interaction cludes: employment. Aaron H Burstein, Laura Nisenbaum, Howard M
makes it harder to detect an effect and requires a larger sample size. Fillit reports a relationship with Alzheimer’s Drug Discovery Foundation
Factors influencing interactions of combination treatment include that includes: employment. If there are other authors, they declare that
Mechanism of Action (MOA), pharmacokinetic, and pharmacodynamic. they have no known competing financial interests or personal re-
Oncology trials with combination treatment targeting the same pathway lationships that could have appeared to influence the work reported in
may result in antagonism or increased toxicity [37-39]. To inform as- this paper.
sumptions in sample size determination, early phase pharmacokinetic
and pharmacodynamic studies are recommended, since it may lend References
insight into the nature of the combination drug effect, for example, is
drug absorption, distribution, and/or elimination of each drug influ- [11 Tailor. B, Piloz;i A, Huang X .Contr?buting. Factors of Neurod.egeneration in
. . Alzheimer’s Disease. In: Wisniewski T, editor. Alzheimer’s Disease. Codon
enced by the other; or are effects on pharmacodynamic biomarkers Publications; 2019. Accessed January 22, 2025, http://www.ncbi.nlm.nih.
additive or synergistic. Further consideration should be given to the gov/books/NBK552140/.
merits of evaluating novel investigational drugs as monotherapy to [2] Zhang J, Zhang Y, Wang J, Xia Y, Zhang J, Chen L. Recent advances in Alzheimer’s
T . . disease: mechanisms, clinical trials and new drug development strategies. Signal
understand the effects of the individual agent on biomarkers and clinical Transduct Target Ther 2024;9(1):1-35. https://doi.org/10.1038,/541302-024.
outcome measures, thereby providing information to enable the design 01911-3.

of later stage add-on or combination trials.


http://www.ncbi.nlm.nih.gov/books/NBK552140/
http://www.ncbi.nlm.nih.gov/books/NBK552140/
https://doi.org/10.1038/s41392-024-01911-3
https://doi.org/10.1038/s41392-024-01911-3

S.P. Dickson et al.

[31

[4]

[5]

[6]

[7

—

[8

—

[9

o}

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Kamatham PT, Shukla R, Khatri DK, Vora LK. Pathogenesis, diagnostics, and
therapeutics for Alzheimer’s disease: breaking the memory barrier. Ageing Res Rev
2024;101:102481. https://doi.org/10.1016/j.arr.2024.102481.

Sims JR, Zimmer JA, Evans CD, et al. Donanemab in early symptomatic Alzheimer
disease: the TRAILBLAZER-ALZ 2 randomized clinical trial. JAMA 2023;330(6):
512-27. https://doi.org/10.1001/jama.2023.13239.

van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in early Alzheimer’s Disease.
N Engl J Med 2023;388(1):9-21. https://doi.org/10.1056/NEJMo0a2212948.
Kinney JW, Bemiller SM, Murtishaw AS, Leisgang AM, Salazar AM, Lamb BT.
Inflammation as a central mechanism in Alzheimer’s disease. Alzheimers Dement
Transl Res Clin Interv 2018;4(1):575-90. https://doi.org/10.1016/j.
trci.2018.06.014.

Abolhassani N, Leon J, Sheng Z, et al. Molecular pathophysiology of impaired
glucose metabolism, mitochondrial dysfunction, and oxidative DNA damage in
Alzheimer’s disease brain. Mech Ageing Dev 2017;161(Pt A):95-104. https://doi.
org/10.1016/j.mad.2016.05.005.

Gonzélez A, Calfio C, Churruca M, Maccioni RB. Glucose metabolism and AD:
evidence for a potential diabetes type 3. Alzheimers Res Ther 2022;14:56. https://
doi.org/10.1186/513195-022-00996-8.

Zhou Z, Edil BH, Li M. Combination therapies for cancer: challenges and
opportunities. BMC Med 2023;21(1):171. https://doi.org/10.1186/5s12916-023-
02852-4.

Boshuizen J, Peeper DS. Rational cancer treatment combinations: an urgent clinical
need. Mol Cell 2020;78(6):1002-18. https://doi.org/10.1016/j.
molcel.2020.05.031.

Dubé K, Kanazawa J, Dee L, et al. Considerations for designing and implementing
combination HIV cure trials: findings from a qualitative in-depth interview study in
the United States. AIDS Res Ther 2021;18(1):75. https://doi.org/10.1186/512981-
021-00401-8.

Domingo P, Vidal F. Combination antiretroviral therapy. Expert Opin
Pharmacother 2011;12(7):995-8. https://doi.org/10.1517/
14656566.2011.567001.

WU M, SIROTA M, BUTTE AJ, CHEN B. Characteristics of drug combination
therapy in oncology by analyzing clinical trial data on clinicaltrials.Gov. In: Pac
Symp Biocomput Pac Symp Biocomput; 2015. p. 68-79. Published online.

Giles TD, Weber MA, Basile J, et al. Efficacy and safety of nebivolol and valsartan
as fixed-dose combination in hypertension: a randomised, multicentre study.
Lancet L Engl 2014;383(9932):1889-98. https://doi.org/10.1016/50140-6736
(14)60614-0.

Zimmermann GR, Lehdr J, Keith CT. Multi-target therapeutics: when the whole is
greater than the sum of the parts. Drug Discov Today 2007;12(1-2):34-42. https://
doi.org/10.1016/j.drudis.2006.11.008.

Knorz AL, Quante A. Alzheimer’s Disease: efficacy of mono- and Combination
therapy. A systematic review. J Geriatr Psychiatry Neurol 2022;35(4):475-86.
https://doi.org/10.1177,/08919887211044746.

Yancheva S, Ihl R, Nikolova G, et al. Ginkgo biloba extract EGb 761(R), donepezil
or both combined in the treatment of Alzheimer’s disease with neuropsychiatric
features: a randomised, double-blind, exploratory trial. Aging Ment Health 2009;
13(2):183-90. https://doi.org/10.1080/13607860902749057.

Sun Y, Lu CJ, Chien KL, Chen ST, Chen RC. Efficacy of multivitamin
supplementation containing vitamins B6 and B12 and folic acid as adjunctive
treatment with a cholinesterase inhibitor in Alzheimer’s disease: a 26-week,
randomized, double-blind, placebo-controlled study in Taiwanese patients. Clin
Ther 2007;29(10):2204-14. https://doi.org/10.1016/j.clinthera.2007.10.012.
Araki T, Wake R, Miyaoka T, et al. The effects of combine treatment of memantine
and donepezil on Alzheimer’s disease patients and its relationship with cerebral
blood flow in the prefrontal area. Int J Geriatr Psychiatry 2014;29(9):881-9.
https://doi.org/10.1002/gps.4074.

Tariot PN, Farlow MR, Grossberg GT, et al. Memantine treatment in patients with
moderate to severe Alzheimer disease already receiving donepezil: a randomized
controlled trial. JAMA 2004;291(3):317-24. https://doi.org/10.1001/
jama.291.3.317.

Grossberg GT, Manes F, Allegri RF, et al. The safety, tolerability, and efficacy of
once-daily memantine (28 mg): a multinational, randomized, double-blind,
placebo-controlled trial in patients with moderate-to-severe Alzheimer’s disease
taking cholinesterase inhibitors. CNS Drugs 2013;27(6):469-78. https://doi.org/
10.1007/540263-013-0077-7.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100391

Porsteinsson AP, Grossberg GT, Mintzer J, Olin JT, Memantine MEM-MD-12 Study
Group. Memantine treatment in patients with mild to moderate Alzheimer’s
disease already receiving a cholinesterase inhibitor: a randomized, double-blind,
placebo-controlled trial. Curr Alzheimer Res 2008;5(1):83-9. https://doi.org/
10.2174/156720508783884576.

Cornelli U. Treatment of Alzheimer’s disease with a cholinesterase inhibitor
combined with antioxidants. Neurodegener Dis 2010;7(1-3):193-202. https://doi.
org/10.1159/000295663.

Choi SH, Park KW, Na DL, et al. Tolerability and efficacy of memantine add-on
therapy to rivastigmine transdermal patches in mild to moderate Alzheimer’s
disease: a multicenter, randomized, open-label, parallel-group study. Curr Med Res
Opin 2011;27(7):1375-83. https://doi.org/10.1185/03007995.2011.582484.
Rabinovici GD, Selkoe DJ, Schindler SE, et al. Donanemab: appropriate use
recommendations. J Prev Alzheimers Dis 2025;12(5):100150. https://doi.org/
10.1016/j.tjpad.2025.100150.

Peters O, Fuentes M, Joachim LK, et al. Combined treatment with memantine and
galantamine-CR compared with galantamine-CR only in antidementia drug naive
patients with mild-to-moderate Alzheimer’s disease. Alzheimers Dement N N 2015;
1(3):198-204. https://doi.org/10.1016/j.trci.2015.10.001.

Atri A, Frolich L, Ballard C, et al. Effect of Idalopirdine as adjunct to cholinesterase
inhibitors on change in cognition in patients with Alzheimer Disease: three
randomized clinical trials. JAMA 2018;319(2):130-42. https://doi.org/10.1001/
jama.2017.20373.

Gauthier S, Rountree S, Finn B, LaPlante B, Weber E, Oltersdorf T. Effects of the
acetylcholine release agent ST101 with Donepezil in Alzheimer’s disease: a
randomized phase 2 study. J Alzheimers Dis JAD 2015;48(2):473-81. https://doi.
org/10.3233/JAD-150414.

Peters O, Lorenz D, Fesche A, et al. A combination of galantamine and memantine
modifies cognitive function in subjects with amnestic MCI. J Nutr Health Aging
2012;16(6):544-8. https://doi.org/10.1007/512603-012-0062-8.

Mowla A, Mosavinasab M, Haghshenas H, Borhani Haghighi A. Does serotonin
augmentation have any effect on cognition and activities of daily living in
Alzheimer’s dementia? A double-blind, placebo-controlled clinical trial. J Clin
Psychopharmacol 2007;27(5):484-7. https://doi.org/10.1097/
jcp.0b013e31814b98c1.

Jack CR, Knopman DS, Jagust WJ, et al. Tracking pathophysiological processes in
Alzheimer’s disease: an updated hypothetical model of dynamic biomarkers.
Lancet Neurol 2013;12(2):207-16. https://doi.org/10.1016/51474-4422(12)
70291-0.

Hampel H, Hardy J, Blennow K, et al. The amyloid-§ pathway in Alzheimer’s
disease. Mol Psychiatry 2021;26(10):5481-503. https://doi.org/10.1038/541380-
021-01249-0.

van der Flier WM, de Vugt ME, Smets EMA, Blom M, Teunissen CE. Towards a
future where Alzheimer’s disease pathology is stopped before the onset of
dementia. Nat Aging 2023;3(5):494-505. https://doi.org/10.1038/543587-02.3-
00404-2.

Langbaum JB, Hendrix SB, Ayutyanont N, et al. An empirically derived composite
cognitive test score with improved power to track and evaluate treatments for
preclinical Alzheimer’s disease. Alzheimers Dement J Alzheimers Assoc 2014;10
(6):666-74. https://doi.org/10.1016/j.jalz.2014.02.002.

Wang J, Logovinsky V, Hendrix SB, et al. ADCOMS: a composite clinical outcome
for prodromal Alzheimer’s disease trials. J Neurol Neurosurg Psychiatry 2016;87
(9):993-9. https://doi.org/10.1136/jnnp-2015-312383.

Thomas RG, Albert M, Petersen RC, Aisen PS. Longitudinal decline in mild-to-
moderate Alzheimer’s disease: analyses of placebo data from clinical trials.
Alzheimers Dement J Alzheimers Assoc 2016;12(5):598-603. https://doi.org/
10.1016/j.jalz.2016.01.002.

Pritchard JR, Bruno PM, Gilbert LA, Capron KL, Lauffenburger DA, Hemann MT.
Defining principles of combination drug mechanisms of action. Proc Natl Acad Sci
2013;110(2):E170-9. https://doi.org/10.1073/pnas.1210419110.

Kwak EL, Clark JW, Chabner B. Targeted agents: the rules of combination. Clin
Cancer Res 2007;13(18):5232-7. https://doi.org/10.1158/1078-0432.CCR-07-
1385.

Azad NS, Posadas EM, Kwitkowski VE, et al. Combination targeted therapy with
sorafenib and bevacizumab results in enhanced toxicity and antitumor activity.

J Clin Oncol J Am Soc Clin Oncol 2008;26(22):3709-14. https://doi.org/10.1200/
JCO.2007.10.8332.


https://doi.org/10.1016/j.arr.2024.102481
https://doi.org/10.1001/jama.2023.13239
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1016/j.trci.2018.06.014
https://doi.org/10.1016/j.trci.2018.06.014
https://doi.org/10.1016/j.mad.2016.05.005
https://doi.org/10.1016/j.mad.2016.05.005
https://doi.org/10.1186/s13195-022-00996-8
https://doi.org/10.1186/s13195-022-00996-8
https://doi.org/10.1186/s12916-023-02852-4
https://doi.org/10.1186/s12916-023-02852-4
https://doi.org/10.1016/j.molcel.2020.05.031
https://doi.org/10.1016/j.molcel.2020.05.031
https://doi.org/10.1186/s12981-021-00401-8
https://doi.org/10.1186/s12981-021-00401-8
https://doi.org/10.1517/14656566.2011.567001
https://doi.org/10.1517/14656566.2011.567001
http://refhub.elsevier.com/S2274-5807(25)00333-4/sbref0013
http://refhub.elsevier.com/S2274-5807(25)00333-4/sbref0013
http://refhub.elsevier.com/S2274-5807(25)00333-4/sbref0013
https://doi.org/10.1016/S0140-6736(14)60614-0
https://doi.org/10.1016/S0140-6736(14)60614-0
https://doi.org/10.1016/j.drudis.2006.11.008
https://doi.org/10.1016/j.drudis.2006.11.008
https://doi.org/10.1177/08919887211044746
https://doi.org/10.1080/13607860902749057
https://doi.org/10.1016/j.clinthera.2007.10.012
https://doi.org/10.1002/gps.4074
https://doi.org/10.1001/jama.291.3.317
https://doi.org/10.1001/jama.291.3.317
https://doi.org/10.1007/s40263-013-0077-7
https://doi.org/10.1007/s40263-013-0077-7
https://doi.org/10.2174/156720508783884576
https://doi.org/10.2174/156720508783884576
https://doi.org/10.1159/000295663
https://doi.org/10.1159/000295663
https://doi.org/10.1185/03007995.2011.582484
https://doi.org/10.1016/j.tjpad.2025.100150
https://doi.org/10.1016/j.tjpad.2025.100150
https://doi.org/10.1016/j.trci.2015.10.001
https://doi.org/10.1001/jama.2017.20373
https://doi.org/10.1001/jama.2017.20373
https://doi.org/10.3233/JAD-150414
https://doi.org/10.3233/JAD-150414
https://doi.org/10.1007/s12603-012-0062-8
https://doi.org/10.1097/jcp.0b013e31814b98c1
https://doi.org/10.1097/jcp.0b013e31814b98c1
https://doi.org/10.1016/S1474-4422(12)70291-0
https://doi.org/10.1016/S1474-4422(12)70291-0
https://doi.org/10.1038/s41380-021-01249-0
https://doi.org/10.1038/s41380-021-01249-0
https://doi.org/10.1038/s43587-023-00404-2
https://doi.org/10.1038/s43587-023-00404-2
https://doi.org/10.1016/j.jalz.2014.02.002
https://doi.org/10.1136/jnnp-2015-312383
https://doi.org/10.1016/j.jalz.2016.01.002
https://doi.org/10.1016/j.jalz.2016.01.002
https://doi.org/10.1073/pnas.1210419110
https://doi.org/10.1158/1078-0432.CCR-07-1385
https://doi.org/10.1158/1078-0432.CCR-07-1385
https://doi.org/10.1200/JCO.2007.10.8332
https://doi.org/10.1200/JCO.2007.10.8332

	The impact of recent approvals on future alzheimer’s disease clinical development: Statistical considerations for combinati ...
	1 Introduction
	1.1 Research setting
	1.2 Development of combination therapy is urgently needed in AD
	1.3 Design options (Combination trial and add-on trial)

	2 Methods
	2.1 Placebo mean to standard deviation ratio (MSDR) for clinical outcomes in different stages
	2.2 Scenarios for treatment interaction

	3 Results
	3.1 General considerations
	3.2 Prevention population
	3.3 Early AD population
	3.4 Mild-moderate AD population

	4 Discussion
	4.1 Considerations of treatment interaction in combination treatment

	Declaration of competing interests
	References


