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ABSTRACT

This article examines the expanding role of therapeutic plasma exchange (TPE) in Alzheimer's disease (AD),
alongside recent developments in diagnostic approaches, disease mechanisms, and emerging disease-modifying
treatments. Although AD has historically been considered a disorder defined by amyloid and tau pathology,
contemporary models increasingly emphasize a multifactorial systems-biology framework that includes immune
dysregulation, oxidative stress, vascular injury, impaired protein clearance, and synaptic dysfunction. Within this
evolving model, TPE has emerged as a biologically rational, broadly acting therapeutic strategy that contrasts
mechanistically with selective anti-amyloid monoclonal antibodies. This article reviews the global burden of AD
and the need for safer disease-modifying therapies; current understanding of AD pathophysiology and biomarker-
based diagnosis; available symptomatic and disease-modifying treatments; the AMBAR trial and the earlier pilot
work that supported it; real-world cohort evidence; the author's clinical experience with TPE in AD; the mech-
anism of action of TPE in comparison with anti-amyloid monoclonal antibodies; the evolution of TPE from acute
hospital-based therapy to chronic outpatient disease management; and future directions for TPE in neurode-

generative disease.

1. Alzheimer's disease: global burden and the need for safe,
effective disease-modifying therapies

Alzheimer's disease (AD) is the leading cause of dementia worldwide
and one of the most important health challenges associated with aging
populations [1]. Approximately 57 million people worldwide were
living with dementia in 2021, with AD accounting for nearly 60-70% of
cases, corresponding to an estimated 34-40 million individuals with AD
globally [1,2].

Prevalence rises sharply with age: approximately 1 in 9 individuals
aged 65 and older (~11%) are affected, prevalence roughly doubles
every five years after age 65, and it exceeds 30% in those older than 85
in many populations [3,4]. Women account for nearly two-thirds of
patients, an approximate 2:1 female-to-male ratio that reflects longer
female life expectancy as well as likely biological, hormonal, inflam-
matory, and genetic contributions [4,5].

This burden is expected to increase substantially over the coming
decades, driven by demographic aging, particularly in low- and middle-
income countries [1,2]. AD already imposes a major economic burden;
annual costs in the United States exceed $360-400 billion, while
worldwide dementia-related costs exceed $1.3 trillion annually [4,6,7].
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Median survival after diagnosis averages approximately 4-8 years [8,9].
Even modest improvements in the rate of cognitive and functional
decline can translate into substantial societal benefit, and they justify
the careful evaluation of mechanistically novel strategies such as ther-
apeutic plasma exchange (TPE).

2. Current understanding of the pathophysiology of Alzheimer's
disease

Although AD has long been defined by amyloid and tau pathology,
the contemporary view is more complex. AD is now recognized as a
complex multifactorial neurodegenerative disorder rather than a disease
caused solely by amyloid deposition [10,11]. While the two major
pathological hallmarks remain extracellular amyloid-p (Af) plaques and
intracellular hyperphosphorylated tau neurofibrillary tangles [12],
increasing evidence suggests that soluble oligomeric forms of Ap may be
more neurotoxic than mature plaques, disrupting synaptic transmission
and neuronal signaling early in disease [11]. Tau pathology correlates
even more closely with neuronal loss and cognitive decline than amyloid
plaque burden alone [12]; hyperphosphorylated tau disrupts microtu-
bule stability, axonal transport, and neuronal communication,
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ultimately producing progressive neuronal degeneration.

Neuroinflammation has also emerged as a central contributor to AD
pathogenesis rather than a secondary response to neuronal injury [13].
Activated microglia and astrocytes drive chronic inflammatory cas-
cades, cytokine release, complement activation, and synaptic injury, and
cellular senescence in neurons, glia, and endothelial cells may sustain
this inflammation through senescence-associated secretory pathways
[14]. Genome-wide association studies have identified multiple AD
susceptibility genes linked to immune regulation and microglial func-
tion, including TREM2 and CD33, supporting a central role for immune
dysregulation [15]. Oxidative stress and mitochondrial dysfunction
contribute further to neuronal injury [11], and vascular dysfunction
with blood-brain barrier (BBB) disruption may impair amyloid clear-
ance and sustain chronic neuroinflammation [13]. In parallel, impaired
glymphatic and meningeal lymphatic clearance, including aquaporin—4
(AQP4)-mediated dysfunction, are now implicated in the accumulation
of AB and tau, particularly with aging; because glymphatic clearance is
most active during sleep, sleep dysfunction may accelerate disease
progression [16,17]. Additional mechanisms include disruption of
cholinergic neurotransmission, glutamatergic excitotoxicity, and
impaired proteostasis, each contributing to cognitive decline early in
disease and potentially preceding substantial neuronal loss [11,16,18].

Taken together, the modern view of AD is an integrated systems-
biology model in which amyloid, tau, neuroinflammation, vascular
dysfunction, oxidative stress, impaired protein clearance, mitochondrial
dysfunction, synaptic failure, and immune dysregulation interact
dynamically (Table 1) [10,13]. This broader understanding has rein-
forced the need for multimodal and potentially combination-based
therapeutic approaches capable of addressing the complex nature of
the disease.

3. Advances in early diagnosis and monitoring of Alzheimer's
disease

Earlier recognition of AD opens a therapeutic window during which
the disease process may still be more biologically responsive to

Table 1
Current understanding of the pathophysiology of Alzheimer's disease.

Pathophysiologic Domain Key Features

Amyloid pathology Extracellular Ap plaques; soluble Af oligomers
likely more neurotoxic than mature plaques
Tau pathology Hyperphosphorylated tau tangles correlate

strongly with neuronal loss and cognitive decline
Early impairment of neurotransmission, synaptic
plasticity, and neuronal communication
Chronic microglial and astrocytic activation with
cytokine release, complement activation, and
progressive neuronal injury
Immune-related genes (TREM2, CD33) implicate
abnormal microglial regulation and impaired Ap/
tau clearance; maladaptive immune activation may
drive chronic neurodegeneration
Increased oxidative injury and impaired
mitochondrial energy metabolism contribute to
neuronal damage
Endothelial injury, impaired cerebral perfusion,
and BBB leakiness worsen inflammation and
reduce amyloid clearance
Impaired glymphatic and meningeal lymphatic
drainage reduces removal of amyloid and tau
Sleep dysfunction may impair glymphatic
clearance and accelerate protein accumulation
Senescent neurons and glial cells promote chronic
inflammatory signaling and neurodegeneration
Integrated systems-biology AD is a multifactorial disorder involving
model interacting amyloid, tau, immune, vascular,
inflammatory, oxidative, and protein-clearance
pathways

Synaptic dysfunction

Neuroinflammation

Immune dysregulation

Oxidative stress /
mitochondrial dysfunction

Vascular / BBB dysfunction

Glymphatic clearance failure
Sleep-related effects

Cellular senescence

Abbreviations: AD, Alzheimer's disease; BBB, blood-brain barrier
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intervention, and it supports clinical decision-making, long-term care
planning, and patient and family preparation [19]. Recent biomarker
advances have transformed AD from a purely clinical diagnosis into a
biologically defined disorder that can be identified years before overt
dementia develops. The clinical availability of plasma phosphorylated
tau—217 (p-tau2l7) testing beginning around 2023-2024, together
with amyloid-specific PET imaging (the first FDA-approved tracer,
florbetapir F18, in 2012), has substantially improved the ability to di-
agnose AD at earlier and more accurate stages; elevated plasma
p-tau217 combined with a positive amyloid PET scan provides strong
biological evidence of underlying AD pathology in many patients [20].
Accurate diagnosis and longitudinal monitoring also continue to rely on
standardized cognitive assessments of memory, attention, language,
executive function, and visuospatial abilities [21].

3.1. Commonly used cognitive assessment tools

The Mini-Mental State Examination (MMSE) is one of the most
widely used bedside cognitive screening tools and remains a workhorse
of dementia care. It evaluates orientation, attention, recall, language,
and visuospatial function in 5-10 min; its advantages are speed,
simplicity, and suitability for serial follow-up, but it is less sensitive for
mild cognitive impairment (MCI) and very early AD (reported sensitivity
~70-80%, specificity ~80-90%) [22,23]. It is therefore best suited to
rapid office screening and to monitoring moderate disease progression
[24,25].

The Montreal Cognitive Assessment (MoCA) is more sensitive than
the MMSE for MCI, early AD, and executive dysfunction, evaluating
executive function, delayed recall, visuospatial abilities, attention, lan-
guage, and abstraction over 10-15 min. Its broader coverage allows
better detection of subtle early impairment (reported sensitivity for MCI
~90%, specificity ~75-85%), making it especially useful for early
diagnosis, outpatient screening, and follow-up of high-functioning in-
dividuals [26,27].

The Alzheimer's Disease Assessment Scale-Cognitive Subscale
(ADAS-Cog) is the most widely used cognitive outcome measure in AD
clinical trials [28]. It evaluates memory, language, praxis, orientation,
and comprehension in 30-45 min. Its detail and sensitivity to longitu-
dinal change make it valuable for monitoring disease progression and
therapeutic response, but those same features make it time-consuming
and dependent on trained personnel, so it is generally reserved for
clinical trials and detailed longitudinal follow-up [29].

The Clinical Dementia Rating (CDR) evaluates both cognitive and
functional impairment across six domains in 15-30 min, often longer
when a caregiver interview is included. Because it explicitly in-
corporates functional decline, it is particularly useful for staging de-
mentia severity, although its scoring is somewhat subjective and a
caregiver informant is often needed, making it less practical than the
MMSE or MoCA for rapid follow-up [21].

In a busy clinic with limited time, the MMSE remains the quickest
and most practical bedside test for rapid screening and serial follow-up,
while the MoCA offers the best balance between practicality and sensi-
tivity for detecting early disease and monitoring progression (Table 2)
[25,26].

3.2. Biomarker testing

Advances in biomarker testing have significantly improved the
ability to detect AD during early and even preclinical stages. Plasma p-
tau217 has emerged as one of the most promising blood-based bio-
markers; it can accurately identify AD pathology years before clinical
dementia develops, reflects abnormal tau phosphorylation associated
with amyloid-driven neurodegeneration, correlates strongly with amy-
loid PET positivity, and frequently shows sensitivity and specificity
above 85-90% for distinguishing AD from other neurodegenerative
disorders [20,30,31].
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Table 2
Practical comparison of common cognitive tests in AD.
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Test Time to Administer Sensitivity for Early AD/MCI Best Use Practicality in Busy Clinic

MoCA ~10 min High (~90% for MCI) Early diagnosis + follow-up Best balance overall

MMSE ~5-7 min Moderate (~70-80%) Quick screening + longitudinal trend Fastest/easiest

ADAS-Cog ~30-45 min High (trial-based change detection) Research/therapeutic monitoring Impractical for busy clinics

CDR ~15-30 min (often longer) Good staging tool Functional staging/severity Less practical for routine follow-up

CSF analysis remains one of the most validated methods for biolog-
ical confirmation, although it is invasive, with combined sensitivity and
specificity commonly in the 85-95% range; the characteristic CSF pro-
file in AD includes decreased AB42 (amyloid deposition), increased total
tau (neuronal injury), and increased phosphorylated tau (tau pathology)
[19,32,33].

The apolipoprotein E €4 (APOE4) allele is the strongest genetic risk
factor for late-onset sporadic AD; homozygotes have a substantially
higher lifetime risk and earlier onset (an approximately 8-12-fold
increased lifetime risk) [34,35]. APOE4 status has gained added
importance in the era of anti-amyloid monoclonal antibodies because
carriers, particularly homozygotes, have significantly increased risk of
amyloid-related imaging abnormalities (ARIA), including cerebral
edema and microhemorrhages [36,37].

Neuroimaging is central to diagnosis, staging, and therapeutic
monitoring. MRI assesses structural change (hippocampal and medial
temporal lobe atrophy, cortical atrophy, ventricular enlargement), ex-
cludes other causes of cognitive decline, and is essential for monitoring
ARIA during anti-amyloid antibody therapy [37-39]. Amyloid PET de-
tects cerebral AP deposition in vivo with sensitivity and specificity
generally exceeding 85-90% and is increasingly important for identi-
fying candidates for anti-amyloid therapies and confirming pathology in
atypical or early presentations [19,37,40,41]. In a patient with a clinical
presentation consistent with AD, elevated plasma p-tau217 plus a pos-
itive amyloid PET scan provides high-probability biological confirma-
tion, often making additional CSF testing unnecessary; CSF studies
remain useful in atypical, diagnostically uncertain, or research settings.

4. Current therapeutic interventions in Alzheimer's disease
4.1. Earlier symptomatic oral therapies

The first generation of AD treatments focused on symptomatic
improvement rather than altering the underlying disease process [42].
Donepezil (FDA-approved 1996), rivastigmine (2000), galantamine
(2001), and memantine (2003) modestly improve cognition, behavior,
or activities of daily living in selected patients, but they have not
demonstrated a clear disease-modifying effect or meaningful slowing of
neurodegeneration. Cholinesterase inhibitors primarily enhance
cholinergic neurotransmission, whereas memantine modulates gluta-
matergic excitotoxicity through NMDA receptor antagonism.

4.2. Amyloid-clearing monoclonal antibodies

More recent strategies have shifted toward biologic therapies
designed to reduce cerebral amyloid burden and slow clinical progres-
sion [37,39,42]. Aducanumab received accelerated FDA approval in
2021 but is no longer commercially marketed and is therefore not dis-
cussed further here. Lecanemab received traditional FDA approval in
2023 and donanemab in 2024. These antibodies target amyloid-p ag-
gregates and have demonstrated measurable, though modest, slowing of
cognitive and functional decline in early AD, providing important
proof-of-concept that modification of disease biology may alter clinical
progression. However, treatment requires repeated intravenous in-
fusions, MRI monitoring, and substantial financial cost, and carries the
risk of ARIA, particularly in APOE4 carriers (Table 3).

4.3. Emerging systems-based therapy: therapeutic plasma exchange (TPE)

The limitations of currently available symptomatic and anti-amyloid

Table 3
Comparative therapeutic effects in Alzheimer's disease.
Parameter Cholinesterase Memantine Lecanemab
Inhibitors

Donanemab TPE

Primary therapeutic Symptomatic therapy Symptomatic therapy

Anti-amyloid mAb

Anti-amyloid mAb Systems-based biologic modulation

role
Short-term clinical ~0% disease ~0% disease ~27% slowing (18 ~35-36% slowing ~66% less cognitive decline (ADAS-Cog); ~52% less
slowing modification modification mo, CDR-SB) (18 mo) functional decline (ADCS-ADL) in AMBAR
Long-term slowing 0% 0% ~25-30% sustained ~30-40% Long-term durability under investigation; real-world
benefit sustained benefit studies suggest sustained stabilization in selected
patients
Primary outcome Symptomatic Symptomatic CDR-SB iADRS / CDR-SB ADAS-Cog and ADCS-ADL
measure improvement only improvement only
Mechanistic target Cholinergic NMDA receptor AP clearance Ap clearance Multimodal: amyloid dynamics, inflammation,
neurotransmission modulation oxidative stress, vascular dysfunction, plasma proteins
ARIA risk 0% 0% ~12-13% ARIA-E ~24-40% ARIA-E No ARIA reported
Higher risk in APOE4  No No Yes Yes No known APOE4-specific risk
carriers
Monitoring Routine clinical follow- Routine clinical MRI monitoring MRI monitoring Apheresis monitoring and vascular access
requirements up follow-up required required management
Administration Oral Oral IV infusion IV infusion Outpatient plasma exchange with albumin

Treatment concept

Symptomatic only

Symptomatic only

Single-target
therapy

Single-target
therapy

replacement
Broad systems-based therapeutic approach

Abbreviations: ADAS-Cog, Alzheimer's Disease Assessment Scale-Cognitive Subscale; ADCS-ADL, Alzheimer's Disease Cooperative Study-Activities of Daily Living;
ARIA, amyloid-related imaging abnormalities; CDR-SB, clinical dementia rating—sum of boxes; -E, edema/effusions; iADRS, integrated Alzheimer's Disease rating scale;

IV, intravenous
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therapies have increased interest in alternative or complementary stra-
tegies that may target multiple pathogenic mechanisms while main-
taining favorable safety and tolerability. TPE represents a fundamentally
different therapeutic concept based on broader systemic biologic mod-
ulation rather than selective targeting of a single pathological protein
[43-45]. It may simultaneously influence amyloid transport and
peripheral-central equilibrium, inflammatory mediators, oxidative
stress pathways, endothelial and vascular dysfunction, and abnormal
plasma protein homeostasis. The Alzheimer Management by Albumin
Replacement (AMBAR) trial and subsequent real-world investigations
suggest that plasma exchange with albumin replacement may slow
cognitive and functional decline in selected patients with
mild-to-moderate AD, reflecting a broad multimodal strategy that may
be especially relevant given the multifactorial biology of neurodegen-
erative disease [20,43,44,46]. Its evolving role is the focus of the
remainder of this article.

5. The role of therapeutic plasma exchange in Alzheimer's
disease—rationale

Therapeutic plasma exchange is an established extracorporeal ther-
apy with well-documented immunomodulatory effects across a range of
autoimmune and inflammatory neurological diseases. Its benefits are
primarily attributed to the broad removal and replacement of circulating
pathogenic factors rather than a single-target mechanism: depletion of
autoantibodies, immune complexes, complement components, cyto-
kines, and other soluble mediators of immune activation, together with
partial restoration of normal plasma protein balance and endothelial
function [47-49]. Because AD is increasingly thought to be a multifac-
torial disorder with significant immune and inflammatory
involvement—in some frameworks even considered to have
autoimmune-like features, though its precise immunopathological
drivers remain incompletely defined—there is growing interest in
whether the broad, non-target-specific immunological "reset" induced
by TPE may be relevant in this setting [10,13,44].

A central premise underlying both the pilot studies and AMBAR is
that approximately 90% of circulating Af is bound to albumin in plasma,
positioning albumin as a major transport reservoir for peripheral amy-
loid [44]. On this basis, investigators hypothesized that plasma ex-
change could remove albumin-bound Ap from circulation, shift the
equilibrium between brain and blood compartments (the peripheral sink
effect), reduce circulating inflammatory and oxidative mediators,
improve vascular and endothelial function, and restore functional
plasma protein balance via albumin replacement [43]. Albumin
replacement was additionally hypothesized to confer antioxidant and
anti-inflammatory effects, since endogenous albumin in AD may be

Table 4
Proposed mechanisms of therapeutic plasma exchange (TPE) in Alzheimer's
disease.

Mechanism Key Concept

Peripheral amyloid
"sink" effect
Inflammatory mediator

Removes albumin-bound Ap — shifts amyloid
equilibrium from brain to plasma
Clears circulating cytokines, complement, and

removal inflammatory proteins
Oxidative stress Replaces oxidized albumin — restores antioxidant
reduction capacity

Tau-related modulation Indirect effects via amyloid, inflammation, and systemic
clearance pathways

Alters circulating immune factors and dysregulated
inflammatory signaling

Improves endothelial function and cerebral

Immune modulation

Vascular/endothelial

effects microcirculation
Albumin replacement Restores normal transport, binding, and detoxification
functions
System-wide biological Multi-pathway modulation (amyloid + inflammation +
reset vascular + oxidative + plasma proteins)
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oxidatively modified and functionally impaired (Table 4) [44].
6. Early pilot studies

The clinical development of TPE in AD evolved from early pilot
studies and culminated in the AMBAR trial. Early pilot work consisted of
small, exploratory investigations designed to evaluate feasibility, safety,
and preliminary cognitive signals in patients with mild-to-moderate AD
dementia [44,50]. Patients were diagnosed clinically without systematic
biomarker confirmation, and interventions typically consisted of
repeated plasma exchange sessions, with or without albumin replace-
ment, over short treatment periods, with cognition assessed primarily by
MMSE and ADAS-Cog. These studies reported signals of possible
cognitive stabilization or slowed decline in subsets of patients, although
responses were variable and the studies were not powered for efficacy.
Their limitations—very small sample sizes, lack of sham-controlled
randomization, short follow-up, and heterogeneous patient
selection—meant they were best regarded as hypothesis-generating
proof-of-concept investigations that established the rationale and
feasibility for the much larger AMBAR trial [44,50].

7. The AMBAR trial

The AMBAR trial remains the largest and most rigorously designed
investigation of TPE with albumin replacement in AD. It was designed to
test whether systemic modification of plasma composition could slow
clinical progression by targeting both amyloid-related and non-amyloid
circulating factors, and across multiple cognitive, functional, and
behavioral endpoints it suggested clinically meaningful slowing of
decline while demonstrating procedural feasibility and acceptable safety
in elderly patients with mild-to-moderate AD [43,44].

7.1. Design, treatment arms, and protocol

AMBAR was a multicenter (41 sites across Spain and the United
States), randomized, double-blind, sham-controlled, phase IIb/III study.
A total of 347 patients were randomized from 496 screened participants,
all with mild-to-moderate AD dementia (MMSE 18-26) and probable AD
by NINCDS-ADRDA criteria; baseline characteristics included a mean
MMSE of ~21-22, mean age in the late 60 s, and balanced sex distri-
bution [44]. Participants were randomized to four groups: sham plasma
exchange (control), low-dose albumin, low-dose albumin plus IVIG, and
high-dose albumin plus IVIG. The intensive phase consisted of weekly
plasma exchange for 6 weeks (~2500-3000 mL plasma exchanged per
session, replaced with 5% albumin), followed by a maintenance phase of
monthly low-volume plasma exchange for 12 months, for a total treat-
ment duration of 14 months.

7.2. Outcomes and key results

The co-primary outcomes were cognition (ADAS-Cog) and function
(ADCS-ADL); secondary outcomes included MMSE, detailed neuropsy-
chological testing, behavioral and neuropsychiatric measures, quality of
life, CSF and plasma biomarkers, and MRI and FDG-PET imaging. TPE
showed statistically significant benefit versus sham on primary end-
points. In the overall pooled population, there was an approximately
66% reduction in cognitive decline on the ADAS-Cog, with the strongest
effect in moderate AD (MMSE 18-21): approximately 61% less decline
in both ADAS-Cog and ADCS-ADL. The functional endpoint (ADCS-ADL)
was statistically significant (P = 0.03) and the cognitive endpoint
(ADAS-Cog) showed a strong trend (P = 0.06). Secondary effects
included memory stabilization, slower decline in executive function,
language preservation, reduced neuropsychiatric symptoms, and
improved or stabilized quality of life. Subgroup and dose-response an-
alyses suggested greater benefit in moderate than mild AD, a stronger
effect with higher-intensity TPE, and heterogeneous response across



B.O. Khatri

subgroups. Biomarker findings supported biological activity: CSF Af42
showed relative stabilization versus decline in controls, CSF total tau
was significantly lower in treated patients (P = 0.002), and CSF phos-
phorylated tau showed a lower rise compared with placebo (P = 0.04).

Overall, TPE demonstrated clinical and biomarker evidence of
disease-modification signals, with the strongest effects in moderate AD,
suggesting stage-dependent therapeutic responsiveness.

7.3. Safety and feasibility

The trial demonstrated that repeated plasma exchange is feasible in
elderly AD populations when performed in specialized centers [51].
Nearly 5000 procedures were performed (active-treatment total ~3486:
1283 TPE plus 2203 LVPE). Most adverse events were mild-to-moder-
ate—commonly vascular access complications, hypotension, citrate re-
actions, and catheter-related issues—and serious adverse events were
uncommon.

7.4. Strengths

Several features make AMBAR the most robust evidence base
currently available for TPE in AD. It was the largest randomized, sham-
controlled trial of plasma exchange in this disease (n = 347), with a
strong multicenter, double-blind design and a 14-month treatment
period that allowed assessment of sustained effects. Outcome assessment
was unusually broad for a trial of this size, spanning cognition, daily
function, neuropsychiatric symptoms, CSF and plasma biomarkers, im-
aging, and quality of life. The mild-to-moderate study population was
closer to typical clinical practice than the early-stage populations
enrolled in most anti-amyloid antibody trials, increasing real-world
relevance. Finally, AMBAR established the procedural feasibility of
repeated plasma exchange in elderly patients over an extended period
and provided proof-of-concept that a multimodal intervention—one that
simultaneously affects amyloid dynamics, inflammation, oxidative
stress, vascular function, and plasma protein homeostasis—can yield
measurable cognitive and functional signals in AD.

On the basis of available clinical studies, biologic rationale, and
emerging experience including AMBAR, the American Society for
Apheresis (ASFA) has classified TPE in Alzheimer's disease as a Category
III indication, reflecting that its precise role remains to be fully defined
while acknowledging that it may represent a reasonable individualized
therapeutic consideration in selected patients when standard options are
ineffective, contraindicated, or no longer safe [52].

8. Real-world evidence: the argentine cohort

Although AMBAR provided the foundational randomized evidence
base, the next critical question was whether comparable benefits could
be reproduced in routine clinical practice using practical, scalable pro-
tocols. The Argentine cohort study of Taragano and colleagues directly
addressed this question—a real-world observational cohort (Buenos
Aires, 2022-2024) assessing the feasibility, safety, and effectiveness of
TPE in routine AD care [46]. It enrolled 32 treated patients versus 194
historical controls, all with mild-to-moderate AD (MMSE 15-26), amy-
loid PET-confirmed diagnosis, and a mean age of approximately 72
years. The protocol used an induction phase of 6 sessions over 6-8 weeks
(weekly or biweekly, 1 plasma volume exchange) followed by a main-
tenance phase of 10 or more sessions every 30-45 days (~50% plasma
volume) with 5% albumin replacement, delivered fully outpatient using
peripheral venous access only, with no central lines.

The primary outcome was MMSE decline versus historical controls.
The study demonstrated a 45% reduction in MMSE decline (P < 0.001),
corresponding to approximately 2.2 points of MMSE preservation; im-
mediate recall decline was reduced by 88% (P < 0.001), delayed recall
decline by 74% (P = 0.04), with relative preservation of language,
attention, and executive function. The functional measure (FAQ)
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favored TPE numerically but was not statistically significant (P = 0.51).
Across 514 procedures, 81.5% were uneventful and 18.5% were asso-
ciated with mild-to-moderate adverse events—mainly venipuncture is-
sues and transient hypotension—with no severe treatment-related
events.

These findings were generally consistent with AMBAR, including
slowed cognitive decline, preservation of memory function, and an
acceptable safety profile, though important differences exist: AMBAR
was a randomized controlled trial with amyloid PET confirmation,
whereas the Argentine study was a real-world observational experience
that used a fully peripheral outpatient approach in contrast to the more
invasive access methods employed in AMBAR. Although smaller, the
Argentine setting may better reflect pragmatic clinical implementation
[44,46]. Collectively, these observations provide early real-world evi-
dence that the cognitive benefits seen in AMBAR may be reproducible
outside a controlled trial, support the feasibility of delivering TPE in
routine outpatient care using peripheral venous access alone, and sug-
gest the potential for a more practical and scalable outpatient TPE model
in biomarker-confirmed AD.

9. Clinical experience with TPE in Alzheimer's disease

Our preliminary clinical experience with TPE in Alzheimer's disease
includes two patients with early-stage disease who initially received
lecanemab (Leqembi) but subsequently developed significant intracra-
nial hemorrhage requiring discontinuation of therapy. One patient was
51 years old and the second was 72 years old. In both cases, authori-
zation for TPE was obtained from their respective insurance carriers
before treatment initiation.

TPE was selected as an alternative strategy based on its safety, its
proposed multimodal mechanisms of action—including peripheral am-
yloid-p removal and modulation of inflammatory and immune
pathways—and the supportive evidence from AMBAR and emerging
real-world experience.

The younger patient demonstrated biologic responsiveness to leca-
nemab prior to hemorrhage, with improvement in amyloid PET burden.
Following transition to TPE, the patient has completed seven plasma
exchange procedures and remains clinically stable, with MMSE scores
ranging from 28 to 30 and plasma p-tau217 levels stable to slightly
improved (0.68-0.63). The second patient has completed four TPE
procedures and has similarly demonstrated relative cognitive stability
on serial MMSE assessments.

Both patients are being treated using a standardized protocol of one-
plasma-volume exchange every other week for six treatments over 12
weeks, followed by monthly maintenance exchanges planned for 12
months, with longitudinal monitoring that includes serial MMSE testing,
plasma biomarkers including p-tau217, immunoglobulin levels, and
amyloid PET imaging. Although preliminary and uncontrolled, these
observations suggest that TPE may represent a feasible investigational
alternative for selected AD patients who develop serious complications
from anti-amyloid monoclonal antibody therapy. More broadly, in our
outpatient apheresis practice we have applied TPE in carefully selected
patients with biomarker-supported AD, using a protocol that mirrors the
Argentine cohort: an induction phase of repeated 1-plasma-volume ex-
changes with 5% albumin replacement, followed by individualized
maintenance sessions tailored to clinical response and tolerability,
delivered entirely in the outpatient setting using peripheral venous ac-
cess whenever possible.

10. Mechanism of action and comparison with anti-amyloid
monoclonal antibodies

Direct comparison of TPE with anti-amyloid monoclonal antibodies
is inherently limited: no head-to-head trials exist between TPE and
lecanemab or donanemab, and differences in populations, endpoints,
and disease stages make any comparison indirect and hypothesis-
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generating [37,39]. Despite these limitations, comparative evaluation is
clinically relevant given the high burden of AD, limited
disease-modifying options, and the increasing need for therapeutic
decision-making in practice. TPE represents a systems-based, multi-
modal approach, potentially affecting amyloid dynamics, inflammation,
oxidative stress, vascular function, immune signaling, and plasma pro-
tein homeostasis simultaneously, whereas anti-amyloid antibodies act
primarily through amyloid plaque binding and clearance [37,39,45,47,
53]. These mechanistic differences are important because AD is
increasingly understood as a multifactorial disorder, supporting the
evaluation of both targeted and systems-based strategies (Tables 5-7).

Several interpretation points warrant emphasis. Anti-amyloid anti-
bodies were studied primarily in early-stage AD populations, with
limited inclusion of moderate disease, whereas AMBAR included mild-
to-moderate AD with signals suggesting potentially greater effect in
more advanced symptomatic stages. Differences in population, end-
points, and trial design make these comparisons indirect and hypothesis-
generating rather than definitive. Nonetheless, the distinctions may be
clinically relevant, given that many real-world patients present beyond
the very early disease stages in which the antibodies were principally
evaluated.

11. Future directions and the evolution of TPE toward chronic
outpatient management

TPE was historically developed and primarily utilized as an acute
hospital-based intervention for rapidly progressive, life-threatening, or
severe immune-mediated disorders requiring urgent
stabilization—conditions such as thrombotic thrombocytopenic pur-
pura, Guillain-Barré syndrome, myasthenic crisis, hyperviscosity syn-
dromes, and severe antibody-mediated neurological disorders [47].
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Table 6
Efficacy summary of TPE compared with anti-amyloid monoclonal antibodies.
Outcome TPE (AMBAR) Lecanemab Donanemab
Primary ~66% less decline ~27% slowing ~35-36% slowing
outcome (ADAS-Cog, (CDR-SB) (iADRS/CDR-SB)
effect pooled)
Functional ~52% less decline  Modest slowing Moderate-significant
outcome (ADCS-ADL) slowing
Secondary Memory, Modest global Integrated cognitive/
outcomes executive functional functional benefit
function, benefit
language, QoL
stabilization
Ad hoc Stronger effect in Greater benefit Greater benefit in
findings moderate AD; in earlier intermediate tau burden
dose-response disease
with intensity
Long-term Sustained signal ~25-30% ~30-40% sustained/

sustained effect
(extension data)

trend suggested (limited
long-term data)

trajectory-adjusted effect

Table 5
Comparison of TPE vs anti-amyloid monoclonal antibodies in Alzheimer's
disease.
Feature TPE Lecanemab Donanemab
(Leqembi) (Kisunla)
Core Systemic plasma Anti-amyloid Anti-amyloid
mechanism modulation + albumin protofibril plaque antibody
replacement antibody
Primary Multimodal systemic Amyloid Amyloid
biological modulation clearance clearance
effect

Amyloid action

Indirect (peripheral
sink)

Direct reduction

Direct reduction

Pathways Amyloid, inflammation, Mainly amyloid Mainly amyloid
affected oxidative stress,
vascular, immune
Inflammation /  Broad systemic Indirect Indirect
immune modulation
Oxidative Albumin replacement Minimal Minimal
stress restores antioxidant
capacity
Vascular Possible endothelial ARIA risk ARIA risk
effects improvement
Tau effects Indirect modulation Minimal Minimal
Monitoring No routine MRI MRI required MRI required
needs
ARIA risk Not characteristic ~12-13% ARIA- ~24-40%
E ARIA-E
Administration ~ Repeated apheresis IV infusion IV infusion

Care setting

sessions
Apheresis unit

Infusion + MRI
center

Infusion + MRI
center

Best studied Mild-moderate AD Early AD / MCI Early
stage symptomatic AD
Key limitation Procedure burden; Modest clinical ARIA risk;
evolving evidence effect vsamyloid  treatment
reduction complexity

Abbreviations: AD, Alzheimer's disease; ARIA, amyloid-related imaging abnor-

malities; MCI, mild cognitive impairment

Table 7
Comparative safety and treatment burden.
Category TPE (AMBAR) Lecanemab Donanemab
Main safety Procedural/ ARIA-E / ARIA-H ARIA-E / ARIA-H
concern vascular access
issues
Brain edema risk Not typical Present Present
Intracerebral Low Reported Reported
hemorrhage
risk
MRI monitoring No routine Yes Yes
required requirement
Infusion/ High (repeated Moderate (IV Moderate (IV
procedural apheresis) infusions) infusions)
burden
Central line Rare No No
requirement (peripheral
access usually
possible)
Hospitalization Low ARIA-related ARIA-related
risk hospitalizations hospitalizations
possible possible
APOE ¢4 risk Not clearly Strong ARIA risk Strong ARIA risk

effect

established

increase

increase

Abbreviations: APOE, apolipoprotein E; ARIA, amyloid-related imaging abnor-
malities; -E, edema/effusion; -H, hemorrhage, hemosiderin

Over the past several decades, advances in apheresis technology,
vascular access techniques, anticoagulation protocols, machine safety
systems, and outpatient infusion-center infrastructure have progres-
sively transformed TPE into a safer and more practical long-term mo-
dality that can be performed in outpatient settings with low rates of
serious complications when conducted by experienced multidisciplinary
teams [47,54]. This outpatient model has been particularly important in
chronic neurological disorders requiring maintenance therapy,
including chronic inflammatory demyelinating polyneuropathy, myas-
thenia gravis, autoimmune encephalitis, neuromyelitis optica spectrum
disorder, and stiff-person syndrome, and has been facilitated by
increasing use of peripheral venous access or temporary radial artery
catheterization, which substantially reduces the complications associ-
ated with central venous catheters [47,51,54]. AMBAR extended this
trajectory by demonstrating that repeated plasma exchange could be
safely performed over 14 months in elderly AD patients, helping
establish the feasibility of applying TPE not only to acute
immune-mediated diseases but also to chronic neurodegenerative dis-
orders requiring long-term outpatient management [43,44,51]. Modern
outpatient apheresis centers increasingly function like chronic infusion
programs, allowing individualized long-term maintenance protocols
tailored to disease severity, clinical response, biomarker changes, and
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patient tolerability [54].

This shift reflects a broader conceptual change in medicine, from
short-term rescue interventions toward long-term biologic modulation
of chronic inflammatory, autoimmune, and neurodegenerative disease.
The rationale is especially compelling in neurodegenerative
diseases—including AD, Parkinson's disease, Lewy body disease, fron-
totemporal dementia, and amyotrophic lateral sclerosis—which are
increasingly recognized as multifactorial disorders involving abnormal
protein aggregation, neuroinflammation, oxidative stress, vascular
dysfunction, mitochondrial injury, immune dysregulation, and impaired
protein clearance [10,13]. Because most biologic therapies in develop-
ment target a single protein or pathway, they may not fully address this
broader systemic biology, whereas TPE may simultaneously influence
multiple pathogenic pathways through removal of circulating patho-
genic proteins and inflammatory mediators, reduction of oxidative
stress, modulation of immune dysregulation and autoantibodies,
improvement of endothelial and vascular function, and replacement of
dysfunctional plasma proteins such as oxidized albumin [43,45,55,56].

Looking forward, several directions seem especially worth pursuing:
earlier biomarker-guided intervention; individualized and lower-
volume maintenance schedules; combination therapy with monoclonal
antibodies or neuroprotective agents; portable or simplified outpatient
apheresis systems; and expansion into additional neurodegenerative and
neuroinflammatory disorders [43]. Combination approaches integrating
TPE with monoclonal antibodies are particularly attractive because they
may provide complementary benefits—simultaneously targeting
abnormal proteins while modulating broader inflammatory, vascular,
oxidative, and immune-mediated pathways [10,13]. As neurodegener-
ative disease research increasingly shifts toward integrated
systems-biology models, therapies with broader mechanistic effects such
as TPE may become correspondingly more important.

12. Conclusion

Alzheimer's disease is increasingly recognized as a complex multi-
factorial neurodegenerative disorder involving interactions among am-
yloid pathology, tau dysfunction, neuroinflammation, immune
dysregulation, oxidative stress, vascular injury, mitochondrial dysfunc-
tion, and impaired protein clearance. Although anti-amyloid mono-
clonal antibodies have established proof-of-concept that disease
modification is achievable, their overall clinical benefits remain modest
and are accompanied by substantial logistical, financial, and safety
challenges, particularly ARIA-related complications. Therapeutic
plasma exchange represents a fundamentally different therapeutic
paradigm based on broader systemic biologic modulation rather than
selective single-target intervention. Emerging evidence from the
AMBAR trial and subsequent real-world studies suggests that TPE may
slow cognitive and functional decline while simultaneously influencing
multiple interconnected pathogenic pathways, and modern outpatient
apheresis platforms have transformed it from a primarily acute hospital-
based rescue therapy into a feasible long-term treatment strategy for
chronic neurological disease. While larger confirmatory studies are still
needed, current evidence suggests that TPE may represent an important
emerging systems-based therapeutic approach in Alzheimer's disease,
and potentially in other neurodegenerative disorders characterized by
complex multifactorial pathophysiology. Future directions will likely
focus on biomarker-guided patient selection, optimization of mainte-
nance protocols, combination therapeutic strategies, and expansion of
practical outpatient treatment models.
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