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Alzheimer Disease (AD) constitutes a major global
healthcare problem. Standard AD pharmacotherapies
offer only modest transient cognitive and behavioral
benefits. Aducanumab, an amyloid monoclonal
antibody, was the first disease modifying agent to
be approved for AD treatment. However, concerns
about its efficacy and side effects led regulatory
institutions around the world to restrict its use.
Lecanemab was the second amyloid antibody to
receive accelerated approval for use in early AD.
This review and consensus statement was prepared
by the Saudi Chapter of Cognitive and Behavioral
Neurology to review the current developments in
AD immunotherapies from a Saudi perspective. We
outline recommendations with regards to offering
aducanumab and other future immunotherapies
to Saudi AD patients. We describe resources,
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infrastructure, research, and clinical practice changes
that must be attained to transform the patient journey
and clinical pathways of AD in Saudi Arabia to enable
offering AD immunotherapies in Saudi Arabia.
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Izheimer disease (AD) is the most prevalent

neurodegenerative disorder in the world. It is
estimated that more than 50 million individuals around
the world suffer from AD and this number is expected
to reach 75 million by 2030." In Saudi Arabia, there is a
lack of population-based epidemiological studies but the
overall prevalence of AD is expected to be in agreement
with the global data. It is estimated the overall prevalence
of AD in Saudi Arabia is 5%, with a progressive
increase in prevalence after the age of 65 years.”* In
the Middle East, it is estimated that the prevalence of
dementia is 10% in individuals aged 75-79 years, 16%
in individuals aged 80-84 years, and 29% in individuals
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who are 85 years and older." The AD causes incurable
and debilitating progressive memory impairment and
cognitive decline. This is invariably associated with
progressive disability, eventually resulting in complete
dependency, behavioral dysregulation, vulnerability to
infections and other complications, and death."” The
socioeconomic burden of AD on societies is huge.
The global cost of dementia care is estimated to be
more than US $800 billion dollars in 2015,' and is
expected to reach US $1.6 trillion dollars by 2050.¢ The
pharmacotherapeutic options to treat AD are limited
to acetylcholinesterase inhibitors such as donepezil,
rivastigmine, and galantamine and the NMDA receptor
antagonist, memantine. Although these medications
confer temporary mild cognitive and behavioral benefits
in AD, they do not alter AD’s progression and clinical
outcomes.” Decades of basic science and clinical research
have failed to find an effective disease modifying agent
that prevents or delays the progression of AD.” Without
such an agent, there is a huge unmet healthcare need
and unaddressed public health problem.’

In June of 2021, the US Food and Drug
Administration (FDA) granted a conditional approval
for aducanumab, a monoclonal antibody targeting
amyloid species thought to contribute to the
pathophysiology of AD.® The decision was unique in
terms the FDA unprecedently used the “accelerated
approval program” to approve a new therapy for a
neurological disorder. Aducanumab became the first
medication to be approved for AD in 18 years since
the approval of memantine and had the potential
promise of being the first approved AD modifying
agent. The approval of this medication, however, was a
controversial decision.” Although statistically significant
clinical benefit was demonstrated in a pivotal phase III
clinical trials (EMERGE), another pivotal clinical trial
(ENGAGE) failed to meet its primary and secondary
endpoints.® The FDA’s conditional approval required
the pharmaceutical company Biogen to conduct a
confirmatory phase 4 trial to verify the anticipated
clinical benefits of the drug, with the potential for
withdrawing the aducanumab from the market if the
clinical benefits were not confirmed.®

The FDA’s accelerated conditional approval of
aducanumab initiated a global debate whether this
treatment should be offered to patients with AD.
Several leading academic medical centers in the US
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declined to offer aduncanumab for their AD patients.
The US Center for Medicare and Medicaid Services
(CMS) announced it would cover the costs of treatment
with aducanumab only if patients were enrolled in
clinical trials under their “Coverage with Evidence
Development” program, which is a major restriction
to who will have access to the treatment.'” Relevant
regulatory and insurance agencies in Europe and Japan
restricted or refused authorization to use aducanumab
in treating AD patients."" On the other hand, the
United Arab Emirates (UAE) approved treatment with
aducanumab based on the FDA’s approval, becoming
the second country after the USA to approve the drug
and allowing prescribers to offer this treatment to all
patients with AD.'?> More recently, the US FDA granted
a similar accelerated approval to lecanemab, another
monoclonal amyloid antibody."

It is important to ponder what these developments
mean for AD patients, their families and healthcare
providers in Saudi Arabia and the Gulf region. How
does the available evidence about aducanumab apply
in Saudi Arabia and the Gulf region? Should patients
consider treatment with this agent? Should clinicians
recommend it for their patients? The proximity of the
UAE may be enticing for many able patients and families
dealing with AD to cross the border and get treated
with aducanumab. What should guide the positions of
professional societies and regulatory agencies dealing
with aducanumab, lecanemab, and with potential
future immunotherapies?

Answers to these questions require a careful
review of the evidence with the Saudi context kept
in perspective, and necessitate expert consensus that
chart the path forward toward offering current and
future immunotherapies to AD patients in Saudi
Arabia. This paper constitutes a consensus statement
of the Saudi Chapter of Cognitive and Behavioral
Neurology (SCBN), a chapter of the Saudi Neurology
Society. We review the state of the evidence behind
amyloid immunotherapies in AD that have reached
late-stage clinical trials, with a focus on perspectives
and implications relevant for Saudi Arabia and the
Gulf region. We then state reasons for and against
use of aducanumab in Saudi AD patients, as well
as recommendations with regards to resources and
infrastructural transformations that must be fulfilled to
be able to offer immunotherapies to AD patients in an
ideal setting.

The amyloid cascade hypothesis. More than
a hundred years ago, Alois Alzheimer described
the histopathological hallmarks of AD, including
extracellular brain deposits of aggregated amyloid £,
termed the amyloid plaques, and intraneuronal deposits

WWW.NSj.org.sa



Alzheimer disease immunotherapies ... Zayeb et al

Table 1 - Reasons for and against offering aducanumab and lecanemab to Saudi patients at this stage.

For

Against

Statistically significant cognitive and behavioral benefits were
demonstrated in the EMERGE clinical trial

Subgroup analysis of data collected from thr ENGAGE clinical trial
showed cognitive benefits of a sufficient duration exposure to 10
mg/kg of aducanumab

Clarity-AD trial demonstrates benefit in AD patients

Effective, dose-dependent clearance of cerebral amyloid as
determined by amyloid PET scance

There is a huge unmet need to develop disease-modifying therapies
for patients with AD and decrease the family and socioeconomic
burdens of the disease

Approving AD immunotherapies takes a long time; these are the
first new for AD in nearly 2 decades

The clinical significance of benefits demonstrated in the EMERGE trial is
questionable

No statistically significant cognitive and behavioral benefits demonstrated in the
ENGAGE trial

Lecanemab is only supported with one trial with other trial results pending
Clearance of cerebral amyloid has not been confirmed as a biomarker that
correlated with clinical efficacy

There is a risk of doing harm and even increasing the risk of mortality associated
with some forms of ARIA. Careful monitoring of AD patients throughout
treatment is essential to detect early signs of ARTA

Approval of new, potentially better, immunotherapies may be impending, eligibility
for which may be complicated if patients were already treated with aducanumab
Lack of representation of patients with different genetic and ethnic backgrounds in
clinical trials

Saudi-specific gaps in the patient care journey, including lack of streamlined clinical
care pathways, definitively validated neuropsychological and behavioral assessment

tools, availability of CSF and PET scan biomarkers

Table 2 - Consensus recommendations regarding clinical practice and resource requirements for developing AD immunotherapy programs in Saudi

Arabia.

Clinical practice recommendations

cerebrovascular events.

the risks of ARIA.

extrapolation of data from phase III clinical trials
Resources and infrastructure

dementia

ADCS, others.

- Regular and immediate access to MRI scans

- A multidisciplinary cognitive and behavioral neurology clinic setting is required for AD immunotherapy programs.

- Supervision by neurologists, geriatricians and/or psychiatrists with subspecialty training in behavioral neurology is required.

- Offering treatment only to amnestic MCI or early AD patients who otherwise meet criteria for being good candidates for
treatment, excluding patients with moderate and severe patients with AD, and patients with other forms of dementia or history or

- Adherence to protocols of pivotal clinical trial of each of the immunotherapeutic agents being used, particularly with regards to
inclusion criteria, dosing, neuropsychological and biomarker assessment, and frequent safety monitoring to detect and minimize

- Collection of phase 4 data for medications not sufficiently demonstrated to be effective and safe in Saudi AD patients by

- Recruitment and training of neurologists, geriatricians, and/or geriatric psychiatrists in cognitive and behavioral neurology or
- Recruitment and training of neuropsychologists, psychotherapists and key supportive staff to work in dementia clinics

- Validating the minimum neuropsychological and behavioral psychometric tools: ADAS-Cog 13, MMSE, CDR, NPI, MCI-

- Access to reliable amyloid tests: amyloid PET scans and amyloid tracers
- Access to reliable and widely available testing of CSF a-beta42 and p-tau, apoE4 genetic testing

of tau, termed the neurofibrillary tangles (NFTs).
Today’s most prevalent theory to explain AD, termed the
“amyloid cascade hypothesis”, stipulates a major role for
amyloid in the pathogenesis of AD. It is thought that
amyloid f3, due to several genetic and acquired reasons,
accumulates progressively in the brains of patients who
would ultimately develop AD. Amyloid deposition
is believed to start decades before patients become
symptomatic. This amyloidopathy would initiate a
cascade of neuronal injury and synaptic dysfunction,
leading to formation of NFTs and neuronal cell death.
This leads to progressive dysfunction of neuronal
networks subservient of memory and other cognitive,
executive, and behavioral functions, thereby leading
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to the progressive symptoms of the disease. The fact
that autosomal dominant genetic forms of AD involve
mutations in genes related to amyloid metabolism
supports a central role for amyloid in the pathogenesis
of AD. These genes include presenilin 1, presenilin 2,
and the amyloid precursor protein.’

Although the amyloid cascade hypothesis remains
the longest surviving and prevalently considered theory
to explain the pathophysiology of AD, doubts about
its validity and alternative contending theories have
long existed. Not all patients with amyloid plaques
develop symptomatic AD, and many patients with AD
symptomatology have no abnormal accumulation of
toxic amyloid plaques. As discussed below, numerous
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clinical trials of anti-amyloid agents failed in improving
the behavioral symptoms of AD despite their ability in
reducing the cerebral amyloid burden. On the other
hand, the topographic distribution and deposition
of tau closely follows brain networks that subserve
memory. Tau deposition has been demonstrated
in several other neurodegenerative disorders. This
has raised the possibility that tauopathy rather than
amyloidopathy may be central to AD pathology, and
that amyloidopathy may be an epiphenomenon rather
than a causative force in AD pathogenesis. Alternative
theories have established themselves as key pathogenic
mechanisms in AD, including neuroinflammation,
neurovascular dysfunction, insulin resistance, immune
system abnormalities and glial cell dysfunction. These
are now the focus of extensive preclinical and clinical
investigation and may lead to new and improved
approaches in AD treatment.’

Amyloid directed therapies in AD. A large gamut
of amyloid directed therapies have been examined in
preclinical studies and clinical trials enrolling AD
patients to see whether altering the amyloid cascade
would modify the relentlessly progressive cognitive and
functional decline seen in AD.” Drug trials aiming to
reduce amyloid production failed for different reasons
at various stages in clinical trials, shifting emphasis
to drugs that would instead clear deposited cerebral
amyloid. Active immunization with antigens derived
from the amyloid B protein was demonstrated to
clear cerebral amyloid effectively in clinical trials
of AD patients but failed to improve cognitive and
behavioral symptoms. Moreover, it was associated
with unacceptable complications, including aseptic
meningitis.” Accordingly, trials shifted to passive
immunization with monoclonal amyloid antibodies.
These trials focused on patients with early AD and mild
cognitive impairment (MCI) due to AD, assuming that
prior immunotherapy trials failed in part due to focus
on moderate and late AD patients who could potentially
have reached a stage of irreversible neurodegeneration.”
The most notable monoclonal antibodies that were
tried in the early 2000s included bapinuzumab and
solanezumab."® These were two monoclonal antibodies
targeting different epitopes in the B amyloid protein.
Despite initial promise, both these agents failed to
significantly delay the progression of AD.' The search
for an effective amyloid antibody continued, however,
which brings us to the first approved monoclonal
antibody for AD: aducanumab.’

Aducanumab clinical trials. Aducanumab is a
monoclonal antibody targeting amyloid 3 oligomers and
fibrils. After passing phase I and II studies, two phase 111
trials were conducted to test its efficacy and safety in AD
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patients. The EMERGE and ENGAGE trials were large,
multicenter, double-blind, placebo-controlled, phase II1
trials of monthly intravenous infusion of aducanumab
in patients with early AD and MCI due to AD.*" These
two trials recruited 3285 patients between 50-85 years
of age with MCI and early AD (MMSE=24-30) who
had positive amyloid positron emission tomography
(PET) scans. These patients were randomized to receive
either placebo, low-dose aducanumab (3 or 6 mg/kg
after titration), or high-dose aducanumab (6 or 10 mg/
kg after titration). The planned treatment duration was
78 weeks. The primary endpoint of the studies was the
change in the Clinical Dementia Rating Scale Sum of
Boxes (CRD-SB). Secondary endpoints included scores
on the Mini-mental Status Examination (MMSE),
the Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog 13), and the Alzheimer’s Disease
Cooperative Study-Activities of Daily Living Scale
adapted for Mild Cognitive Impairment (ADCS-
ADL-MCI). A tertiary end point was score on the
Neuropsychiatric Inventory (NPI). In addition, the
effect of aducanumab treatment on amyloid load was
assessed using [18F]-florbetapir positron emission
tomography (PET) scans and CSF (3 amyloid 1-42 CSF
levels.®"

Results from both ENGAGE and EMERGE
trials demonstrated that aducanumab was effective in
significantly and dose-dependently reducing the cerebral
amyloid burden as demonstrated by amyloid PET and
CSF studies. ENGAGE and EMERGE differed however
in terms of reaching the clinical endpoints. ENGAGE
failed in demonstrating significant differences in any of
the clinical endpoints between the placebo and treatment
groups. The EMERGE succeeded in demonstrating
that patients receiving the high-dose of aducanumab
worsened significantly less than the low-dose treatment
and placebo groups, with a CDR-SB benefit of -0.39
points (95% CI=-0.69 to -0.09), a -1.4 benefit on
ADAS-Cog 13 (95% Cl= -2.46 to -0.34), and a benefit
of 1.7 points on the ADCS-ADL-MCI scores. These
results were robust and statistically significant, although
their clinical significance has been questionable.®"
Subsequent analyses of data from ENGAGE
demonstrated that its negative results could have been
related to the fact that the proportion of patients that
was titrated rapidly enough to reach the target 10 mg/
kg was lower than hoped for, resulting in an insufhcient
duration of exposure to that dose. Specific subgroup
analysis of data of ENGAGE patients who stayed on the
high dose for a sufhcient duration had similar responses
to those seen in EMERGE.®

The most significant adverse event of aducanumab
is the occurrence of Amyloid Related Imaging
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Abnormalities (ARIA). This is a phenomenon that is
seen with most amyloid removing agents and is thought
to result from an inflammartory reaction to the removal
of amyloid. The ARIA includes ARIA-E (where the
brain MRI reveals vasogenic edema), ARIA-H (where
there are microhemorrhages in addition to vasogenic
edema), and ARIA-H with superficial siderosis.
ARIA can be mild, moderate, or severe depending on
how sizable the edematous areas are and the number
of microhemorrhages and superficial siderosis. The
incidence of ARIA in patients receiving the 10 mg/kg
dose of aducanumab in EMERGE and ENGAGE was
41.3%. ARIA-E occurred in 35.2%, whereas ARIA-H
in 19.1%, and ARIA-H with superficial siderosis in
14.7%. Only a quarter of patients with ARIA were
symptomatic with headache, confusion, or nausea. In
addition, most ARIA cases resolved in 3-4 months.
Mild ARIA is typically managed conservatively without
interruption of treatment, whereas moderate ARIA
necessitates delaying or even terminating treatment.
In 10% of the cases, ARIA was severe and necessitated
discontinuation of the treatment. A single death was
potentially attributable to ARIA-H.™'® Nonetheless,
there is a need to monitor patients treated with
aducanumab by sequential MRIs every 3-6 months to
detect early signs of ARIAs and intervene if needed to
ameliorate their adverse events.

Following the announcement of ENGAGE and
EMERGE results, the US FDA granted a controversial
approval to use aducanumab in AD patients. This
approval was conditional upon a requirement that
Biogen conduct a phase 4 trial, collecting real world data
about the clinical effects of aducanumab. Currently,
Biogen and Eisai are conducting this trial, known as the
ICARE AD-US study.”

Future Alzheimer immunotherapies in the pipeline.
Several other monoclonal antibodies are in advanced
stages of clinical trials. Donanemab (Eli Lilly)
gantenerumab (Roche), and Lecanemab (Biogen/Eisai).
have all been demonstrated by amyloid PET scans to
significantly reduce the amyloid burden in patients
with AD. They have shown promising results in phase
IT trials, and have progressed in phase III clinical
trials.””'® that recruited large numbers of patients with
amyloid-PET-positive early AD. The ongoing trial of
donanemab, TRAILBLAZER-ALZ 2, has interestingly
been designed so that patients are stratified according to
their tau PET burden, hoping to compare the clinical
response of patients with cerebral amyloidopathy
according to whether they have an intermediate or
high associated tau burden.””?® Results of donanemab
trials are expected in the near future. Gantenerumab
has the advantage of being a subcutaneous injection
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over the other AD immunotherapies that are available
only in intravenous formulations. However, the recent
results of the Phase IIl GRADUATE I and I trials were
disappointing as both trials failed to meet their primary
endpoints of slowing clinical decline in people with early
AD. Roche attributed the failure of trials to the lower-
than-expected clearance of amyloid by gantenerumab.?!

Lecanemab, a humanized IgGl monoclonal
antibody that binds with high affinity to AP soluble
protofibrils, was demonstrated to confer significant
cognitive benefit in early AD in the CLARITY-AD
trial. This phase III trial showed that early AD patients
treated with lecanemab had a a lower mean increase
in the CDR-SB at 18 months in comparison to
placebo (1.21 vs 1.66,; p<0.001)." There were also
significant benefits in secondary endpoints, including
the ADASCog 14 (difference: -1.44; p<0.001); the
Alzheimer’s Disease Composite Score (ADCOMS;
difference: -0.050; p<0.001) and ADCS-ADL-MCI
(difference: 2.0; p<0.001)." These findings led the US
FDA to grant an accelerated approval for use in early
AD. Of note, the drug carries a similar risk for ARIA
to aducanumab and at least 1 deaths has been suspected
to be related to cerebral hemorrhage associated with the
drug.”

Discussion. The AD isasignificant health challenge
facing the Saudi society. News about the approval of
aducanumab sparked hope in the minds of many
patients, families and healthcare professionals facing the
daily challenges of AD in Saudi Arabia and worldwide.
The question is whether aducanumab treatment should
be offered to patients with AD in Saudi Arabia. After all,
this was the first therapy approved for treatment of AD
in nearly two decades. It appeared to fill the desperate
unmet needs of AD patients and their families. There are
reasons for and against offering aducanumab as a new
therapy for AD patients in Saudi Arabia (Table 1). There
isample reason for caution. Evidently, the positive results
of EMERGE and the cognitive benefits demonstrated
in the subset of ENGAGE patients exposed long
enough to the highest dose of aducanumab suggest
that aducanumab may be ready for use in clinical
practice to treat AD patients.® However, it cannot be
overlooked that one of the 2 pivotal phase III trials
was negative and failed to meet primary or secondary
endpoints. In addition, the positivity of the EMERGE
trial was argued to potentially relate to a poorer than
usual trajectory for the placebo group in EMERGE in
comparison with the placebo group in ENGAGE.*
Moreover, the clinical meaningfulness of the cognitive
benefit demonstrated in the trials is questionable. It has
been estimated that a clinically meaningful change in
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the CDR-SB is 1-2 points, which is clearly higher than
the 0.39 demonstrated in the EMERGE trial.** The
American Academy of Neurology (AAN) Guidelines
Subcommittee report highlighted that aducanumab’s
benefits are of questionable clinical meaningfulness.’
This is especially important in the context of the
potential approval of other immunotherapies, which
are in late stages of clinical development. Starting
patients on aducanumab may potentially complicate
their eligibility for these newer potentially improved
immunotherapies and may require careful switching to
avoid an increased risk of ARIA and other undesirable
adverse events.

In Saudi Arabia, there are specific reasons warranting
caution with regards to widely approving and using
aducanumab. The cohorts recruited for the pivotal trials
EMERGE and ENGAGE do not represent the typical
Saudi AD patients. Patients in these trials were mostly
white Caucasians, with very few patients from minority
groups. One cannot therefore extrapolate from the data
of these trials to judge the efficacy and effectiveness
of aducanumab in patients with AD in Saudi Arabia
who are of different ethnic and genetic backgrounds.
In addition, most patients recruited in EMERGE and
ENGAGE had 14-18 years of education. A significant
proportion of Saudi AD patients are illiterate or of
lower education than those recruited in the trials.*
This may mean that they have lower levels of cognitive
reserve and a lower amyloid burden to cognitive burden
ratio,” which may impact treatment responsiveness.
Furthermore,  illiteracy =~ complicates  cognitive
assessment, particularly without an assessment tool
validated for assessing illiterate Saudi AD patients and
staging their disease based on cognitive performance.**

The more recent approval of lecanemab sparked yet
another hope for AD patients and families. However,
it must be kept in mind that the lecanemab data
are very comparable to the aducanumab data, with
similarly questionable benefits, similar rates of ARIA,
and similar draw backs related to the study population.
Furthermore, lecanemab is only backed by one phase
II trial and additional longer term data are needed.'>?!

In addition, to be able to offer immunotherapy to
Saudi AD patients, there are obstacles at various steps
of the journey of AD medical care in the Saudi context.
The journey of AD patients starts with early accurate
diagnosis. To date, none of the key assessment tools
used in pivotal immunotherapy trials was definitively
validated for the purpose of diagnosing, staging,
treating, and following Saudi AD patients. This has
practical significance. For example, it has been suggested
based on the psychometric properties of the MMSE
that patients with a score of 21/30 are candidates for
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immunotherapy. This eligibility cut off may be different
in the AD population in Saudi Arabia.” Initial key
work has been published documenting use in Saudi
individuals of the MMSE, the Montreal Cognitive
Assessment (MoCA), the Bristol activity of daily living
scale, and the NPI in Saudi individuals.”** The Arabic
version of the battery of the Consortium to Establish
a Registry for Alzheimers Disease (CERAD) was
validated in older Omanis.?’ Some additional tools,
including the CDR and the ADAS-Cog, were validated
in other Arab countries.’*®" Additional studies must
build on this work to examine the need for cultural
modifications, demonstrate clinical practicality, as
well as validity and reliability of cut off scores of the
various assessment tools in Saudi patients who may be
candidates for immunotherapy.

Another diagnostic obstacle that must be bypassed
to enable accurate diagnosis and staging of AD and
determine eligibility for immunotherapy programs is
the lack of easily available and reliable AD biomarker
testing. methods to measure amyloid biomarkers prior
to the initiation of treatment. Measuring CSF af} 42
and the af} 40:42 ratio is available but not widely used.
Furthermore, patients in the pivotal immunotherapy
trials were recruited based on amyloid PET scan
results and not CSF analysis. Although CSF analysis
may indicate the presence of toxic amyloid species, it
is not certain that it reflects cerebral amyloid plaque
burden, which is the main source of amyloid PET scan
positivity.?? Therefore, offering AD immunotherapies to
patients based on CSF results only may notbe sufficiently
adherent to the criteria of phase III trials. This is in
addition to the issue of patient and family reluctance
to have lumbar puncture to obtain CSF samples. Blood
based amyloid biomarkers are in development and hold
great promise,” but they are still not sensitive enough
and it is also not clear they would reflect amyloid PET
scan burden. Therefore, to use a reliable intervention to
accurately assess the amyloid burden prior to initiation
of treatment with aducanumab, amyloid PET scans
remain the best diagnostic tool to rely on. Having
said that, amyloid PET scan tracers are not currently
available in Saudi Arabia yet. It has been suggested,
however, that a clinical diagnosis of probable AD, made
by experienced and trained clinicians using appropriate
diagnostic criteria may be sufficient to presume the
presence of AD pathology with or without support
of biomarkers.* However, the authors recommend
remaining adherent to recruitment using amyloid PET
scan and considering a move to other means of judging
the presence of amyloidopathy later on when prescribers
in AD immunotherapy programs develop experience
and enough data are collected to demonstrate validity
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of other means of measuring the amyloid burden.

Finally, another challenge in Saudi Arabia is that
the infrastructure to support dementia care is currently
fragmented. AD patients mostly receive care in non-
specialized clinics without access to resources or a
standardized behavioral neurology or memory clinic
setups that would enable accurate diagnosis, treatment
and follow up of AD patients. This may have been
manageable with the previous repertoire of treatment
options but would likely be insufficient for developing
sophisticated AD immunotherapy treatment programs.
Table 2 describes the authors’ recommendations
regarding minimal requirements for developing optimal
immunotherapy programs for AD patients in Saudi
Arabia. The journey of patients with dementia starts
with early case finding and referral to the appropriate
dementia care program, accurate comprehensive
diagnostic testing, longitudinal monitoring, and finally
support and management. To ensure successful delivery
of the novel disease modifying therapy in the near
future, it is crucial to build the required capacity that
fulfills these best practices for appropriate dementia
care management, including the actual administration
of novel therapies. It is crucial to transform care to
streamlined, multidisciplinary clinics that involve
subspecialty ~ trained  behavioral = neurologists,
geriatricians, psychiatrists, neuropsychologists,
psychotherapists, and supportive services is crucial to
be able to offer the specialized services to AD patients.
This would require a strategic plan to assess resources
required for this transformation, including the need
to train physicians, psychologists, therapists, and
other supportive staff. While planning these strategic
transformations, the cost effectiveness of aducanumab
and other immunotherapies may become a concern.
It has been demonstrated that even if the original
cost of aducanumab treatment in the US was halved
to $28,000/year, it would still not be cost-effective.**
This raises a question of resource allocation in a country
that is overhauling its healthcare system. It may be an
overall disservice to the community of AD patients and
their families to divert resources away from projects
that may directly impact their current quality of life or
from future research or infrastructure projects to fund
a medication that is not supported by a solid evidence
base. Finally, The issues encountered in Saudi Arabia
may not be unique to the Saudi setting and likely
apply at a global level.* The emerging treatments will
require urgent development of a global framework
and close collaboration with all stakeholders including
the patients, specialists, the pharmaceutical industry,
regulators and payors to collectively address these
issues.*
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Conclusions. 'This is a momentous time in the
history of AD. The approval of the first two disease-
modifying therapies opened the door to other
potentially beneficial amyloid monoclonal antibodies
to continue their clinical development and march with
more confidence towards FDA approval. The personal
and socioeconomic burdens of AD are huge, and these
medications may indeed be what patients and families
living through the long journey of this horrible disease
are waiting for. However, we still do not have sufhcient
evidence to unequivocally recommend immediate use
of any of these immunotherapies yet. In addition, there
are major infrastructural changes and specific practice
obstacles that need to be overcome in the context of
Saudi Arabia, the Gulf countries and the Arab world at
large to make these therapies more accessible. The pivotal
clinical trials did not recruit patients that represent the
typical Saudi AD patients. We recommend waiting for
additional clinical studies before deciding to offer any of
the AD immunotherapies to patients in Saudi Arabia.
AD care in Saudi Arabia must transition to streamlined
multidisciplinary clinics staffed by subspecialty trained
physicians, neuropsychologists and supporting staff that
are able to accurately diagnose, stage and treat AD. Key
clinical assessment tools need to be validated in Arabic.
Amyloid PET scans need to be made available and
accessible to patients prior to initiation of treatment.
Before all these recommendations are accomplished,
offering immunotherapies to AD patients in Saudi
Arabia may be premature.
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