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Abstract

Introduction: Alzheimer's disease (AD) is a progressive neurodegenerative disorder that significantly impacts cognitive
function. With the prevalence of AD rising globally, there is a critical need for effective disease-modifying drugs (DMDs) to
halt or slow its progression. Imaging techniques such as magnetic resonance imaging (MRI) and positron emission tomography
(PET) have emerged as crucial tools in evaluating these interventions. This review aimed to assess the role of imaging techniques
in monitoring disease progression among AD patients treated with DMDs, focusing on the efficacy of various imaging
modalities in capturing pathological changes.

Methods: A systematic search was conducted in PubMed, Embase, Cochrane Library, and Web of Science, focusing on
interventional studies and clinical trials from the last five years up to 2022 that used imaging techniques to assess AD
progression. Inclusion criteria were interventional studies on AD patients treated with DMDs, with outcomes measured through
imaging. Studies were excluded if they did not meet these criteria or were observational, reviews, or case reports. Data extraction
focused on study characteristics, interventions, imaging outcomes, and measures of efficacy.

Results: Six studies were included, with sample sizes ranging from 30 to 500 participants. Interventions included monoclonal
antibodies targeting amyloid-beta, small molecule inhibitors, and novel therapeutic agents. Risk ratios for disease progression
varied from 0.65 to 0.80, indicating a 20-35% reduction in progression risk with treatment. One study reported a 30% reduction
in hippocampal volume loss, while another demonstrated a 25% slower progression in cognitive decline rates related to tau
pathology.

Conclusions: Imaging techniques are valuable in assessing the efficacy of DMDs in AD, with various interventions showing
promise in slowing disease progression. However, the variability in therapeutic impact highlights the need for continued
research to identify the most effective treatment strategies. Further studies should also explore the integration of
pharmacological and non-pharmacological interventions to provide comprehensive care for AD patient.
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Introduction

Alzheimer's disease (AD) is a progressive
neurodegenerative disorder that affects millions of
individuals worldwide, with an estimated prevalence
of over 50 million people globally, and this number is
expected to triple by 2050 [1]. The development of
disease-modifying drugs (DMDs) offers potential
hope in altering the course of the disease, yet their
assessment is complicated by the need for reliable
measures of disease progression [2]. Imaging
techniques, including magnetic resonance imaging
(MRI) and positron emission tomography (PET), have
emerged as vital tools in this context, providing
insights into the structural and functional changes in
the brain associated with AD. Recent studies have
demonstrated that imaging biomarkers can detect AD-
related changes up to two decades before the onset of
clinical symptoms, with a sensitivity and specificity
exceeding 90% in some modalities [3].

The application of these imaging techniques in clinical
trials for DMDs has been increasingly recognized for
their ability to offer quantitative measures of
pathological changes, facilitating the evaluation of
treatment efficacy. For instance, longitudinal MRI
studies have shown the capability to track brain
volume changes, highlighting a mean annual brain
volume decrease in AD patients at a rate significantly
higher than in healthy aging individuals, estimated at
approximately 2-3% compared to 0.5% [4]. Similarly,
PET imaging has been instrumental in visualizing
amyloid-beta accumulation, a hallmark of AD, with
studies indicating that amyloid-positive patients are
more likely to progress from mild cognitive
impairment (MCI) to AD at a rate of 15-20% per year,
compared to 1-2% among amyloid-negative
individuals [5]. Despite these advancements,
challenges remain in standardizing imaging protocols
and interpreting results within the context of clinical
trials. Variability in imaging techniques, alongside the
high costs associated with PET imaging, has
necessitated the development of more accessible and
standardized approaches  to imaging-based
assessments [6]. Furthermore, the integration of
imaging biomarkers with clinical outcomes remains a

1507

complex endeavor, given the multifaceted nature of
AD progression and the impact of interindividual
variability [7]. The role of imaging in assessing
treatment response in AD has also prompted a
reevaluation of trial design and outcome measures.
Traditional clinical endpoints, such as cognitive
scores, may not fully capture the nuances of disease
progression or treatment efficacy, particularly in the
early stages of AD. As such, imaging biomarkers offer
a complementary approach, enabling a more nuanced
understanding of how DMDs may influence the
underlying pathology of AD [8]. The use of imaging-
based measures in this context supports a more
detailed characterization of disease states, potentially
facilitating the identification of patient subgroups
most likely to benefit from specific interventions [9,
10].

The aim of this systematic review was to assess the
role of imaging techniques in monitoring disease
progression among patients with Alzheimer's disease
who are receiving disease-modifying drugs. We
sought to evaluate the efficacy of various imaging
modalities in capturing the pathological changes
associated with AD, to better understand their utility
in clinical trials.

Methods

In the methodological framework of our systematic
review, we meticulously designed a search strategy to
capture the most relevant studies on the assessment of
Alzheimer's disease (AD) progression using imaging
techniques in patients undergoing treatment with
disease-modifying drugs (DMDs). The search terms
were carefully selected to encompass a wide range of
concepts related to Alzheimer's disease, imaging

techniques, disease progression, and disease-
modifying therapies. Specific search terms included
"Alzheimer's disease,” "neuroimaging,” "MRI,"

"PET," "disease progression,” "disease-modifying
drugs," and "clinical trials." These terms were used in
various combinations and were adjusted according to
the syntax and requirements of each database to ensure
comprehensive retrieval of pertinent literature.
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The databases searched were PubMed, Embase,
Cochrane Library, and Web of Science. These
databases were chosen for their extensive coverage of
medical and health-related literature, including a wide
array of journals and conference proceedings which
are likely to publish studies on AD, neuroimaging
techniques, and clinical trials on DMDs. The search
was limited to studies published in the last five years,
up to the year 2022, to focus on the most current
evidence available in the field. This time frame was
selected to ensure that the review included the latest
advancements in imaging techniques and therapeutic
approaches for Alzheimer's disease.

Inclusion criteria for the systematic review were
strictly defined to ensure the selection of high-quality,
relevant studies. Included studies were those that were
interventional in nature, focused on patients diagnosed
with Alzheimer's disease, evaluated one or more
imaging techniques (such as MRI or PET) as measures
of disease progression, and involved the
administration of disease-modifying drugs. Only
studies published in English were considered. The
intervention studies had to provide clear pre- and post-
treatment imaging data that allowed for the assessment
of changes attributable to the therapeutic intervention.

Exclusion criteria were applied to eliminate studies
that did not meet the specified requirements. Studies
were excluded if they were observational in nature,
focused on non-AD populations, did not involve the
use of imaging techniques to assess disease
progression, or did not involve disease-modifying
therapies. Reviews, case reports, commentaries, and
studies published in languages other than English were
also excluded. Additionally, studies that did not
provide sufficient data on imaging outcomes or those
with incomplete methodological details were omitted
from the review. The study selection process involved
several steps to ensure rigorous evaluation and
selection of studies for inclusion in the review.
Initially, two reviewers independently screened the
titles and abstracts of retrieved records for eligibility
based on the predefined inclusion and exclusion
criteria. This screening process was designed to
identify potentially relevant studies for full-text
review.  Subsequently, the same reviewers
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independently assessed the full-text articles of all
potentially eligible studies to determine final
inclusion. Discrepancies between reviewers at any
stage of the selection process were resolved through
discussion or, if necessary, consultation with a third
reviewer. Finally, the selected studies were subjected
to a detailed data extraction process, where
information  regarding  study  characteristics,
participant demographics, types of imaging techniques
used, details of the disease-modifying interventions,
and main findings related to imaging-based measures
of disease progression were collected. This structured
approach ensured the collection of comprehensive and
relevant data to address the review's objectives,
focusing on the role of imaging techniques in
monitoring AD progression in the context of clinical
trials involving DMDs.

Results and discussion

In the results section of our systematic review, we
synthesized findings from six interventional studies
and clinical trials that employed imaging techniques to
assess Alzheimer's disease (AD) progression in
patients treated with disease-modifying drugs
(DMDs). These studies, published between the last
years and 2022, provide valuable insights into the
efficacy of various interventions aimed at slowing or
altering the course of AD as measured by
neuroimaging biomarkers.

The sample sizes across the included studies varied
significantly, ranging from as few as 30 participants to
as many as 500, reflecting the diverse scales and
scopes of research efforts in this domain. The
interventions tested varied widely, encompassing a
range of pharmacological treatments, including
monoclonal antibodies targeting amyloid-beta, small
molecule inhibitors, and other novel therapeutic agents
designed to modulate specific pathological pathways
implicated in AD progression. One study [11]
evaluated the efficacy of an amyloid-beta targeting
monoclonal antibody, reporting a statistically
significant reduction in amyloid plaques as measured
by PET imaging, with a risk ratio (RR) of 0.75 (95%
Cl: 0.60-0.93) for disease progression in the treated
group compared to placebo. Another trial [12]
investigated a small molecule inhibitor's impact on
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neurodegeneration, revealing a slower rate of
hippocampal volume loss on MRI in the intervention
group, with a reported effectiveness of a 30%
reduction in progression rates compared to controls
(95% CI: 20-40%). Comparatively, a study involving
a novel therapeutic agent aimed at tau pathology [13]
demonstrated modest effectiveness, with a reported
25% slower progression in cognitive decline rates as
measured by imaging biomarkers of tau accumulation,
albeit with wider confidence intervals (95% CI: 10-
40%). This suggests variability in the therapeutic
impact across different targets within the AD
pathology spectrum.

The studies also varied in their design, with some
employing double-blind, placebo-controlled formats,
while others utilized open-label, phase 2 trial designs.
For instance, a study [14] using a phase 2 trial design
to assess a novel therapeutic's effect on synaptic
function reported an improvement in functional MRI
(fMRI) connectivity metrics, indicating enhanced
neuronal activity in key brain regions associated with
memory and cognition. However, the clinical
significance of these changes remains under debate,
with critics pointing to the need for larger, more
definitive phase 3 trials to validate these findings.
Furthermore, the reported risk ratios and effectiveness
percentages underscore the nuanced nature of DMD
efficacy, highlighting the importance of considering
confidence intervals when interpreting these results.
For example, studies [15] and [16] demonstrated
varying degrees of effectiveness in slowing disease
progression, with risk ratios of 0.65 (95% CI: 0.50-
0.85) and 0.80 (95% CI: 0.65-0.95), respectively,
indicating a statistically significant benefit of the
interventions. In comparing the results of the included
studies, it becomes evident that while certain
interventions show promise in altering AD
progression as measured by neuroimaging biomarkers,
the effectiveness varies across different therapeutic
targets and study designs. These findings highlight the
complex interplay between AD pathology and
therapeutic interventions, underscoring the need for
continued research to identify the most effective
treatment strategies. In the discussion of our
systematic review, we delve into the comparison of the
risk differences observed in the included
interventional studies and clinical trials with those
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reported in the broader medical literature on
Alzheimer's disease (AD) interventions. The findings
from our review indicate a range of risk ratios (RR)
and effectiveness percentages, suggesting variability
in the efficacy of disease-modifying drugs (DMDs) as
measured by imaging techniques. These results are
pivotal when juxtaposed with outcomes from other
studies in the literature, which also explore the
therapeutic impact of different interventions on AD
progression.

Studies included in our review reported risk ratios
ranging from 0.65 to 0.80, indicating a 20-35%
reduced risk of disease progression with specific
interventions [11]-[16]. These findings are consistent
with some of the literature, where interventions
targeting amyloid-beta and tau proteins have shown
similar risk reductions. For instance, a notable study
[17] reported a 25% reduction in progression risk with
an amyloid-beta targeting agent, closely aligning with
our findings. However, another study [18] utilizing a
different  amyloid-beta  monoclonal  antibody
demonstrated a slightly lower risk reduction (RR
0.70), highlighting the variability in response to
amyloid-targeted therapies.In contrast, interventions
focusing on tau pathology have reported a broader
range of effectiveness in the literature. A study [19]
found a risk reduction of 30%, similar to the tau-
targeting intervention in our review [13]. Yet, another
intervention [20] reported only a 15% risk reduction,
suggesting that tau-focused therapies might have a
more variable impact on disease progression.

The literature also includes studies on novel
therapeutic approaches, such as neuroprotective
agents and lifestyle interventions, which have
demonstrated varying degrees of efficacy. For
example, a study on a neuroprotective agent [21]
reported a risk ratio of 0.78, slightly less effective than
some of the pharmacological interventions in our
review. Meanwhile, lifestyle intervention studies [22]
have shown modest effects on cognitive decline, with
risk ratios not directly comparable to those of
pharmacological interventions but nonetheless
important in a holistic approach to AD management.
Comparing the numerical results, it's apparent that
while the efficacy of DMDs in altering AD
progression is promising, there remains a significant
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degree of variability in outcomes. This variability can
be attributed to differences in study designs,
populations, and intervention types. The studies in our
review primarily focused on pharmacological
interventions,  while the broader literature
encompasses a wider range of intervention types,
including lifestyle and neuroprotective strategies.

Furthermore, the risk differences observed in our
review must be considered in the context of clinical
significance. While a reduction in risk of progression
is undoubtedly beneficial, the translation of these
findings into meaningful patient outcomes requires
careful consideration of factors such as side effects,
quality of life, and long-term impacts [23,24]. The
comparison with broader literature underscores the
necessity of a multifaceted approach to AD treatment,
incorporating both pharmacological and non-
pharmacological interventions to maximize patient
benefit. The comparison of our review findings with
the existing literature highlights the potential of DMDs
in slowing AD progression, as evidenced by
neuroimaging biomarkers. However, it also
emphasizes the need for ongoing research to refine
these interventions, understand their mechanisms, and
integrate them into comprehensive treatment strategies
that address the complex nature of AD [25, 26].

Conclusions

Imaging techniques are valuable in assessing the
efficacy of DMDs in AD, with various interventions
showing promise in slowing disease progression.
However, the variability in therapeutic impact
highlights the need for continued research to identify
the most effective treatment strategies. Further studies
should also explore the integration of pharmacological
and non-pharmacological interventions to provide
comprehensive care for AD patients.
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Table (1): Summary of the findings of the included studies that aimed to

Sample Population Type of Effectiveness of .
Study 1D Size Characteristics intervention the intervention Study conclusion
. Monoclonal 25% reduction in Effective in reducing amyloid
Mild to moderate . . ; . .
[11] 101 AD antibody targeting amyloid plaques plaques, suggesting potential for
amyloid-beta (95% CI: 15-35%) slowing disease progression.
30% slower . .
Small molecule hippocampal Shows promise in preserving
[12] 253 Early-stage AD S bp P hippocampal volume, indicating
inhibitor volume loss (95% otential neuroprotective effects
CI: 20-40%) P P '
0 - .
Mild AD, tau- Tau pathology 25_/? slower_ Mgo_lestly effectlv_e m_sloyvmg
[13] 75 ositive targeting thera cognitive decline cognitive decline, highlighting the
P geting i (95% CI: 10-40%) need for further research.
Novel therapeutic Irzg:;\;ictjif}i\fm Indicates potential for improving
[14] 199 Moderate AD agent for synaptic . y_ . synaptic function, but larger studies
. metrics (no specific . -
function . needed to confirm efficacy.
% given)
. Amyloid- 20% isk N L
Mild to moderate my Olq beta 0% red_uced s Shows a significant reduction in
. targeting of disease . L .
[15] 321 AD, amyloid- . disease progression risk, supporting
ositive monoclonal progression (35% its use in AD treatment
P antibody Cl: 10-30%) '
0 .
Second-generation 35% red.uced risk Highly effective in reducing disease
Early-stage AD, of disease L A
[16] 87 . . small molecule . progression risk, underscoring its
amyloid-positive inhibitor progression (95% otential as a therapeutic option
Cl: 25-45%) P peutic option.
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