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Introduction: This phase 2b/3 trial examined the effects of plasma exchange (PE) in
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co-primary endpoints: change from baseline of Alzheimer’s Disease Cooperative

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Alzheimer’s & Dementia published by Wiley Periodicals, Inc. on behalf of Alzheimer’s Association.

1412 wileyonlinelibrary.com/journal/alz Alzheimer’s Dement. 2020;16:1412-1425.


mailto:antonio.paez@grifols.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/alz
http://crossmark.crossref.org/dialog/?doi=10.1002%2Falz.12137&domain=pdf&date_stamp=2020-07-27

BOADAET AL.

Alzheimer’s &Dementia® | 1413

decline) scales.

KEYWORDS

1 | INTRODUCTION

The initial pathological event that triggers the process that leads to
Alzheimer’s disease (AD) is unknown. However, autopsy studies have
shown that AD is a neurodegenerative process (loss of neurons) asso-
ciated with the accumulation of amyloid plaques in the brain formed
from extracellular aggregates of brain amyloid beta (AgB) protein, and
the formation of intracellular neurofibrillary tangles of phosphorylated
tau (P-tau) proteins.! AD pathology is often accompanied by vascu-
lar disease,? the presence of other proteinopathies,® and markers of
inflammation.*

Currently there are only symptomatic treatments for AD aimed
to modulate neurotransmission, such as acetylcholinesterase
inhibitors (AChEI) and N-methyl-d-aspartate receptor antagonists
(memantine).>¢ Unfortunately, none of the pharmacologic treatments
available today for AD have yet been shown to inhibit or slow down
the damage and neuronal death ultimately leading to morbidity and
mortality associated with the disease. Despite the fact that clinical
trials studying small molecule pharmacotherapy and immunotherapies
to reduce brain AS protein have, to date, failed to demonstrate any
effects on cognition and/or functional performance,” 12 Ag can still be
avalid therapeutic target.13

Plasma exchange (PE) with albumin replacement is being investi-
gated as a new therapeutic approach for AD'#"18 on the basis that A8
in the cerebrospinal fluid (CSF) is in dynamic equilibrium with plasma
Ag through the blood-brain barrier'? and that sequestration of AS in
the peripheral blood would alter such balance to induce CSF AS to pass
to plasma.2923 Hence, routine PE removal of an AD patient’s plasma
would favor elimination of albumin-bound Ag,%¢18 and possibly, other
pathogenic elements.?42> In addition, replacement with fresh ther-
apeutic albumin can restore the antioxidant capacity of AD patient
plasma,?® as albumin is highly oxidized and glycated.1627-2% Further-
more, a therapeutic action at the vascular level can have a positive
impact on dementia.®®

Following this line of research, a preliminary pilot study (EudraCT#:
2005-001616-45)1° conducted in 2005 and a phase 2 trial (EudraCT#:
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Study-Activities of Daily Living (ADCS-ADL; P = .03; 52% less decline) with a trend for
Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog; P = .06; 66%
less decline) scores at month 14. Moderate-AD patients (baseline Mini-Mental State
Examination [MMSE] 18-21) scored better on ADCS-ADL (P = .002) and ADAS-Cog
(P = .05), 61% less decline both. There were no changes in mild-AD patients (MMSE
22-26). PE-treated patients scored better on the Clinical Dementia Rating Sum of
Boxes (CDR-sb) (P = .002; 71% less decline) and Alzheimer’s Disease Cooperative
Study-Clinical Global Impression of Change (ADCS-CGIC) (P < .0001; 100% less

Discussion: This trial suggests that PE with albumin replacement could slow cognitive

and functional decline in AD, although further studies are warranted.

albumin, albutein, Alzheimer’s disease, clinical trial, plasma exchange, plasmapheresis

2007-000414-36; ClinicalTrials.gov 1D: NCT00742417)417 con-
ducted in 2007 showed that the decline in memory and language
abilities, and in brain perfusion, was attenuated in patients treated
with PE with albumin replacement. The effects on cognition persisted
up to 44weeks after PE was discontinued. In this paper, we present
the primary results of the Alzheimer’s Management By Albumin
Replacement (AMBAR) study, a phase 2b/3 trial started in 2011 to
further evaluate the previously observed findings by testing PE with
different replacement volumes of albumin, with or without intra-
venous immunoglobulin (IVIG) to ameliorate a possible decrease in
endogenous immunoglobulins.3!

2 | METHODS

The AMBAR trial (EudraCT#: 2011-001598-25; ClinicalTrials.gov ID:
NCT01561053) enrolled patients at 41 sites: 19 in Spain and 22 in the
United States. Institutional Review Boards or Ethics Committees from
the sites and the health authorities from both countries approved the
protocol. Due to the invasive nature of the study procedures, a Data
Safety Monitoring Committee met when approximately half of patients
were recruited. The patient and a close relative or legal representative
read the patient information sheet, agreed to participate in the trial,

and then signed the informed consent form.

2.1 | Patients

Eligible patients were men and women between 55 and 85 years of age,
had a diagnosis of probable AD dementia according to the National
Institute of Neurological Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association criteria,32 whose baseline
Mini-Mental State Examination (MMSE) scored from 18 to 26, and
were on stable dose of AChEls and/or memantine within the previous
3 months of screening. Exclusion criteria included cerebrovascular

disease and any condition in which PE is contraindicated. Full details
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of eligibility criteria are available elsewhere®! and in Appendix A in
supporting information.

2.2 | Interventions

Enrolled patients were randomly allocated to four groups (ina 1:1:1:1
scheme): three PE treatment groups received different doses of
albumin (Albutein, Grifols, Barcelona, Spain) and IVIG (Flebogamma
5% DIF, Grifols, Barcelona, Spain), and one control (placebo) group
underwent a simulated PE treatment through a noninvasive procedure
(sham) that mimicked PE but without any actual fluid replacement.
Patients, caregivers, and raters, including investigators evaluating
outcome measures and central laboratory analysis, were blinded.
Details of randomization, masking, and treatment allocations are
provided elsewhere®! and in Appendix A in supporting information.
The intervention regime started with a 6-week period of treat-
ment with weekly sessions of conventional therapeutic PE (TPE) with
replacement albumin 5% for all the active groups through a peripheral
(eg, radial/cubital vein) or central access (eg, subclavian/jugular vein),
followed by a second 12-month period with monthly sessions of low
volume PE (LVPE) through a peripheral line with replacement albumin
20% or IVIG. Patients received one of three treatments: (1) infusion of
20g albumin (“low-albumin” group), (2) infusion of 20g albumin alter-
nated with infusions of 10g IVIG 5% (“low-albumin+IVIG” group), and
(3) infusion of 40g albumin alternated with infusions of 20g IVIG 5%
(“high-albumin+IVIG” group). Further details of replaced plasma and
albumin infused volumes, and procedures for TPE and LVPE, as well
as of a description of TPE, LVPE, and sham PE devices are available

elsewhere®! and in Appendix A in supporting information.

2.3 | Clinical and laboratory assessments

The following clinical and neuropsychological measurements were per-
formed at baseline, plus at months 2, 6, 9, 12, and 14: Alzheimer’s Dis-
ease Cooperative Study-Activities of Daily Living (ADCS-ADL) as a
functional scale; Alzheimer’s Disease Assessment Scale-Cognitive Sub-
scale (ADAS-Cog) as a cognitive scale; and two global assessment of
change scales—Clinical Dementia Rating Sum of Boxes (CDR-sb), and
Alzheimer’s Disease Cooperative Study-Clinical Global Impression of
Change (ADCS-CGIC). Details of the neuropsychological assessments
are provided elsewhere3! and in Appendix A in supporting information.
CSF biomarkers, AB, ABsy total tau (T-tau), and P-tau were
assessed. CSF samples were collected at baseline and after the TPE and
LVPE treatment periods. Details of biomarker determination are pro-
vided elsewhere®! and in Appendix A in supporting information.
Detailed physical examinations were conducted at each study visit.

2.4 | Efficacy and safety outcomes

There were two co-primary efficacy variables: the ADCS-ADL and the
ADAS-Cog scale.3! The primary analysis assessed the change from

RESEARCH IN CONTEXT

1. Systematic review: As a new approach for Alzheimer’s
disease (AD) treatment, it is hypothesized that sequestra-
tion through plasma exchange (PE) of amyloid beta (AB)
bound to plasma albumin may lead to an efflux of AB
from the central nervous system to balance the periph-
eral drop. Use of AB-free therapeutic albumin as the fluid
replacement would reinforce the mechanism.

2. Interpretation: This phase 2b/3, randomized, controlled
clinical trial of 347 mild-to-moderate AD patients (496
screened) showed that PE with albumin replacement was
feasible and could slow cognitive and functional decline
in AD patients over a period of 14 months. This was sup-
ported by the effects observed in the co-primary and
global secondary assessment outcomes.

3. Future directions: These findings have the potential to
offer AD patients a new modality of treatment and justify
anew trial.

baseline to 14 months for both of these outcomes. The global assess-
ment of change in AD scales, CDR-sb and ADCS-CGIC, were secondary
clinical efficacy variables.33

The efficacy of the intervention was also assessed within severity
groups based on the baseline MMSE scores; scores 22-26 were consid-
ered mild impairment and scores 18-21 moderate impairment.

Biomarker variables included changes in CSF levels of AB4 and
AB42, T-tau and P-tau between baseline and the finalization of each of
the two treatment periods.3!

The main safety variable was the percentage of PE procedures
(including the infusion of albumin and IVIG) associated with at least one

adverse event (AE) that may be related to the study procedure.3!

2.5 | Statistics

A sample size of 312 patients (78 in each of the four groups) would
result in over 90% power for detecting a difference in the change from
baseline of 3 points on the ADAS-Cog, between the treated and the
placebo groups, with a two-sided 5% significance level. The sample
size of 312 patients provides more than 98% power for detecting a
treatment difference in the change from baseline of 6.69 points on the
ADCS-ADL score between the treated and the placebo groups with a
two-sided 5% level of significance.

The primary efficacy endpoints were analyzed over time as change
from baseline to month 14 using a mixed model for repeated measures
(MMRM) approach. Secondary endpoints were analyzed as change
from baseline to months 2, 6, 9, 12, and 14 using analysis of covariance
with treatment group as a fixed effect, and the corresponding base-

line score, age, and AD severity as a covariate. The differences from
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Screening failures (N= 149)
Cerebrovasculardisease (n=58)
Plasma exchange contraindication (n=42)

Randomized
N=347

.
.
= AD diagnosis not mild to moderate (n= 23)
= No commitment to protocol adherence (n=27)
= QOther reasons (n= 33)

(A failure could be due to more than one reason)

| [

Low-albumin Low-albumin+IVIG
N=82 N=92

High-albumin+IVIG

Control (placebo)
N=86 N=387

Did not start treatment (N= 6)
= Adverse event (n= 3)

= Consentwithdrawal (n=2)
= Ineligibility (n=1)

Did not start treatment (N=4)
= Adverse event (n=3) —
= Consentwithdrawal (n=1)

Did not start treatment (N=8) Did not start treatment (N=7)
= Adverse event (n=1) = Consentwithdrawal (n=3)
= Consentwithdrawal (n=2) —— = Ineligibility (n=2)

= |neligibility (n=2) = Lost of follow-up (n=1)

= QOtherreasons (n=3) = Otherreasons (n= 1)

All-patient
population (N= 322)

N=E N=@

Placebo received
high albumin (N= 1)

Placebo received
high albumin (N=1)

— e Safety
N=75° IEE population (N= 322)

Withdrawals (N=17) Withdrawals (N=30)
= Adverse event (n=6) = Adverse event (n= 15)
— = Consentwithdrawal (n= 4) — = Consentwithdrawal (n=11)
= Lost of follow-up (n=2) = Protocol violation (n=2)
= Otherreasons (n=5) = Otherreasons (n=2)

Withdrawals (N= 27)

= Adverse event (n=9)
Consent withdrawal (n= 10)
Protocol violation (n=2)
Lost of follow-up (n= 1)
Other reasons (n=5)

Withdrawals(N= 16)

= Adverse event (n=1)

— = Consent withdrawal (n=12)
= Protocol violation (n=1)

= Lost of follow-up (n=2)

N= 61 N= 560

Completed the
study (N= 232)

FIGURE 1

Flowchart of patients through the study. One patient randomized to placebo was implanted by error with a real central catheter

and was then transferred and treated as a high-albumin+intravenous immunoglobulin (IVIG) patient; four patients in the low-albumin+IVIG arm
and three patients in the high-albumin+IVIG arm completed the study under a previous version of the protocol that was not blinded

the placebo group were estimated using least squares (LS) means (with
95% confidence interval [CI] or + standard error of the mean [SEM]).
Details of analyses are provided in Appendix A in supporting informa-
tion.

Because all treated patients had the same volume of plasma
removed for PE regardless of the group allocation, it was pre-
determined that the three treatment groups were also pooled together
and analyzed as the combined treatment group (“PE-treated” group).
The same analyses were performed separately within the two pre-
specified AD severity subgroups: moderate AD (baseline MMSE:
18-21) and mild AD (baseline MMSE: 22-26).

Effect sizes were calculated as the ratio in percentage of the change-
from-baseline difference between placebo and treated groups over the
change-from-baseline of the placebo group, so that if the placebo group
declines, effect sizes of <100% indicate less decline of the active group
while effect sizes of >100% indicate improvement over baseline.3* For
completeness, the effect sizes for primary efficacy endpoints were also
determined using Cohen’s d value calculated with the change from
baseline standard deviation.

Additional post-hoc sensitivity analyses were performed to assess
the impact of discontinuations (ie, dropouts) on the results using a

z-score carried forward analysis (zLOCF), and to assess the consis-

tency of results across outcomes using a global statistical test (GST).
Details of post-hoc analyses are provided in Appendix A in supporting

information.
3 | RESULTS
3.1 | Demographics and clinical characteristics of

patients

A total of 496 patients were screened between April 19, 2012 and
December 16, 2016. Of this group, 347 patients were randomized
into four arms (see Figurel). Twenty-five out of the 347 randomized
patients did not receive treatment. The percentage of treated patients
who completed the study ranged from 65.1% to 65.4% in the low-
albumin+IVIG and high-albumin+IVIG groups, respectively, to 78.2%
and 80.0% in the half-albumin and placebo groups, respectively.

Demographics and baseline characteristics of the placebo and
treated groups are shown in Table1. The percentage of apolipoprotein
E (APOE &4) carriers was greater in the low-albumin arm than in the
placebo arm and the other two treatment arms (63.5%vs 44.2%-48.2%,
P=.02).
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TABLE 1

BOADAET AL.

Demographic and clinical characteristics at baseline by treatment arm

Treatment modalities

Placebo All PE-treated Low albumin Low albumin + High albumin +

Characteristic (N =80) (N =242) (N=78) IVIG (N = 86) IVIG (N =78) Total (N = 322)
Age (years), mean (SD) 68.4(8.4) 69.2(7.4) 68.5(7.5) 69.5(6.9) 69.5(7.9) 69.0(7.7)
Age group (n, %)

<65 29(36.3) 65(26.9) 26(33.3) 17(19.8) 22(28.2) 94(29.2)

65-75 33(41.3) 124 (51.2) 37 (47.4) 52(60.5) 35 (44.9) 157 (48.8)

>75 18(22.5) 53(21.9) 15(19.2) 17(19.8) 21(26.9) 71(22.0)
Sex (n, %)

Male 44 (55.0) 104 (43.0) 35(44.9) 38(44.2) 31(39.7) 148 (46.0)

Female 36 (45.0) 138(57.0) 43(55.1) 48 (55.8) 47 (60.3) 174 (54.0)
BMI (Kg/m?), mean (SD) 26.8(4.3) 26.9 (4.6) 27.0(4.8) 27.1(4.0) 26.5(5.0) 26.9(4.5)
Time since diagnosis of AD (years), 2.5(2.3) 2.4(2.4) 2.2(2.4) 2.5(2.3) 2.4(2.6) 2.4(2.4)

mean (SD)
MMSE score, mean (SD) 21.7(2.6) 21.7 (2.6) 21.2(2.4) 22.1(2.6) 21.4(2.6) 21.6(2.6)
Severity of AD (n, %)

Moderate (MMSE 18-21) 36 (45.0) 117 (48.3) 46(59.0) 37(43.0) 42(53.8) 161 (50.0)

Mild (MMSE 22-26) 44 (55.0) 125(51.7) 32(41.0) 49 (57.0) 36(46.2) 161 (50.0)
AD medication (n, %)

CEls 56(70.0) 164 (67.7) 55(70.5) 50(58.1) 59(75.6) 220 (68.3)

Memantine 7(8.8) 36(14.9) 13(16.7) 14(16.3) 9(11.5) 43(13.4)

CEls + memantine 16 (20.0) 40 (16.5) 8(10.3) 22 (25.6) 10(12.8) 56(17.4)

None 1(1.3) 2(0.8) 2(2.6) 0 0 3(0.9)
APOE &4

N 77 231 74 83 74 308

Carriers (n, %) 34 (44.2) 120(51.9) 47 (63.5) 40 (48.2) 33(44.6) 154 (50.0)

Non-carriers (n, %) 43(55.8) 111(49.1) 27 (36.5) 43(51.8) 41(55.4) 154 (50.0)
CSF ABs,

N 71 226 74 77 75 297

pg/mL, median (IQR) 551(380-810) 505 (431-700)

502 (436-618) 509 (399-730) 505 (407-822) 515 (426-737)

Abbreviations: AD, Alzheimer’s disease; BMI, body mass index; CEl, cholinesterase inhibitor; CSF, cerebrospinal fluid; IQR, Interquartile range; IVIG, intra-
venous immunoglobulin; MMSE, Mini-Mental State Examination; PE, plasma exchange; SD, standard deviation.

'P=.02.

Figure B.1 of Appendix B in supporting information shows the dis-
tribution of the baseline CSF AB,, levels. Data separately for moderate
and mild AD patients (baseline MMSE scores 18-21 and 22-26 respec-
tively, are shown in Appendix B, Tables B.1 and B.2 in supporting infor-
mation). Medical history of patients is shown in Appendix B, Table B.3

in supporting information.

3.2 | Primary efficacy endpoints

The LS difference from baseline to month 14 for the PE-treated group
versus placebo was 3.5 points (95% Cl: 0.4, 6.6; P = .03; 52% less
decline) on the ADCS-ADL scale (Figure2A), and —2.1 points (95% Cl:
—4.4,0.2; P=.06; 66% less decline) on the ADAS-Cog scale (Figure2G).

The differences in the three treatment arms separately (low-albumin,
low-albumin+1VIG, high-albumin+IVIG) were not statistically signifi-
cant (Figure2D and J). Baseline and individual visit scores are provided
in Appendix B, Tables B.4 and B.5 in supporting information. Effect sizes
based on the change from baseline Cohen’s d values are also provided
in Appendix B, Table B.6 in supporting information.

3.3 | Global assessment efficacy endpoints

There was significantly less decline compared to placebo in the
CDR-sbin all treatment groups (Figure3A and D), not only at month 14
(difference ranging from —1.1[95% Cl: —2.2,0.0] to —1.2[95% Cl: —-2.2,
—0.2]; P values: .002 to .01; effect sizes: 65% to 71%) but at earlier
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FIGURE 2

Least square (LS) mean change from baseline scores (+ standard error of the mean) in the Alzheimer’s Disease Cooperative Study

Group-Activities of Daily Living (ADCS-ADL) and the Alzheimer’s Disease Assessment Scale-Cognitive (ADAS-Cog) scales (co-primary efficacy
variables; panels A-F and G-L, respectively) performed on mild to moderate Alzheimer’s disease (AD) patients (all-patient [panels A, D, G, J],
moderate AD [panels B, E, H, K], and mild AD [panels C, F, |, L] populations) treated with plasma exchange (PE) with albumin replacement. TPE
denotes the 2-month period of conventional therapeutic PE; LVPE denotes the period up to month 14 of low-volume PE. The difference between
the treated patient groups (PE-treated patients combined [n = 242; panels A-C and G-1], and three active groups: low/high-albumin dose,
with/without intravenous immunoglobulin [n = 78-86; panels D-F and J-L]) and the placebo group (n = 80) at month 14 (primary endpoint) was
evaluated using a mixed model for repeated measures (MMRM) approach, with adjustment for multiple dose groups according to the Hochberg
procedure for a level of 0.05. Both statistical significance (P < .05) and borderline significance (P < .1) versus placebo are indicated
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FIGURE 3 Leastsquare (LS) mean change from baseline scores (+ standard error of the mean) in the Clinical Dementia Rating Sum of Boxes
(CDR-sb), and Alzheimer’s Disease Cooperative Study-Clinical Global Impression of Change (ADCS-CGIC) scales (global efficacy secondary
variables; panels A-F and G-L, respectively) performed on mild to moderate Alzheimer’s disease (AD) patients (all-patient [panels A, D, G, J],
moderate AD [panels B, E, H, K], and mild AD [panels C, F, |, L] populations) treated with plasma exchange (PE) with albumin replacement. TPE
denotes the 2-month period of conventional therapeutic PE; LVPE denotes the period up to month 14 of low-volume PE. The difference between
the treated patient groups (PE-treated patients combined [n = 242; panels A-C and G-1], and three active groups: low/high-albumin dose,
with/without intravenous immunoglobulin [n = 78-86; panels D-F and J-L]) and the placebo group (n = 80) at months 2, 6, 9, 12, and 14 was
evaluated using analysis of covariance with treatment group as a fixed effect, and the corresponding baseline value, age and AD severity, as a
covariate. Both statistical significance (P < .05) and borderline significance (P < .1) versus placebo are indicated
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time points. ADCS-CGIC scores at month 14 showed stabilization in all
treatment groups compared to placebo (difference ranging from —0.8
[95% Cl: —1.44, —0.36] to —0.9 [95% CI: —1.2, —0.4]; P values: < .001
to .002; effect sizes: 100% to 113%; Figure3G and J). Baseline and
individual visit scores are provided in Appendix B, Tables B.7 and B.8 in

supporting information.

3.4 | Severity subgroup analysis

For primary endpoints, in the moderately impaired AD patients, differ-
ence between the PE-treated group and placebo at month 14 were 8.6
for the ADCS-ADL scale (95% Cl: 3.1, 14.1; P = .002; 61% less decline;
Figure2B), and —3.9 for the ADAS-cog scale (95% Cl: —7.9,0.1; P =.05;
61% less decline; Figure2H). In the comparison of each of the three
modalities of treatment versus placebo, there was a statistically signif-
icant difference in the ADCS-ADL scale of moderate AD patients (dif-
ference ranging from 8.0 [95% CI: 2.0, 14.0] to 9.5 [95% Cl: 1.6, 17.4];
P values: .01 to .02; effect sizes: 57% to 67%; Figure2E). Both ADAS-
cog and ADCS-ADL scores remained unchanged across the study in all
treatment and placebo groups for mild AD patients (Figure2C,F, |, and
L).

Regarding global assessment endpoints, there was a significantly
slower decline in the CDR-sb scores versus placebo at month 14 for
most treatment groups in the moderate AD patients (difference rang-
ing -1.5 [95% CI: -3.0, 0.0] to -1.8 [95% CI: -3.2, -0.4]; P values: .01
to .04; effect sizes: 50% to 60%; Figure3B, E), and improvement in mild
AD patients (difference ranging -0.8[95% Cl: -2.2,0.6] t0 -1.2[95% CI:
-2.4,0.0]; Pvalues: .02 to .04; effect sizes: 157% to 171%,; Figure3C, F).
There was less decline in ADCS-CGIC scores at month 14 for all treat-
ment groups versus placebo in the moderate AD patients (difference
ranging -0.8 [95% Cl:-1.4, -0.2] to -1.0 [95% CI: -1.7, -0.3]; P values:
.002 to .02; effect sizes: 57% to 71%; Figure3H and K), and improve-
ment in the mild AD patients (difference ranging —0.8 [95% Cl: —1.3,
—0.3] to —0.8 [95% Cl: —1.6, —0.1]; P values: .004 to .04; effect sizes:
200%; Figure3l and L).

3.5 | Complementary analysis

The results of the sensitivity analysis using zLOCF resulted in simi-
lar treatment differences and effect sizes as the primary MMRM (see
Appendix B, Table B.9 in supporting information). Results were nearly
identical for ADCS-ADL, ADAS-Cog, CDR-sb, and ADCS-CGIC, consis-
tent with a missing at random assumption for the discontinuations.

When the model was adjusted for key baseline characteristics, the
analysis showed statistically significant differences against placebo
of most treatment groups in all relevant outcomes (Appendix B,
Table B.10 in supporting information).

Consistency of results was confirmed by the calculation of effect
sizes across outcomes, with slowing of progression of symptoms at
14 months of 54% for ADCS-ADL (difference: 3.6 [95% Cl: 0.6, 6.7];
P = .02), 58% for ADAS-Cog (difference: -2.0 [95% CI: -4.01, 0.0];

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

P = .05), 51% for CDR-sb (difference: -0.9 [95% CI: -1.7, -0.2];
P =.02),and 76% for ADCS-CGIC (difference: -0.7 [95% CI: -1.0, -0.4];
P <.0001). The GST score showed slowing of progression of symptoms
with statistically significant differences between all active treatments
versus placebo from month 9 (difference: -5.6 [95% Cl: -10.58, -0.69];
P =.03), month 12 (difference: -7.54[95% Cl: -12.78,-2.30]; P = .005),
and month 14 (difference: -8.24[95% CI: -13.52,-2.95]; P =.002).

3.6 | Biomarkers

A total of 297 patients provided CSF at baseline. Changes from base-
line CSF AB4, levels remained stable in all PE-treated patients, whereas
in the placebo group there was a decrease over time (Figure 4D, E,
and F). This finding was particularly evident in the moderately impaired
AD patients (LS means + SEM: 1.2+9.8 vs —47.3+27.8 [P = .04] and
—7.3+11.5 vs —59.8+30.2 [P = .05], at months 2 and 14, respec-
tively; Figure 4E). With regard to T-tau and P-tau proteins, the placebo
group showed increased values with respect to the PE-treated patients
combined in the moderate AD patients (35.5+19.8 vs 193.5+71.7
[P =.002] and 5.7+1.5 vs 13.4+4.5 [P = .04], respectively, at month 2;
Figure 4H and K). Raw baseline and individual visit CSF biomarker val-
ues in the treatment groups are shown in Appendix B, Tables B.11 to

B.14 in supporting information.

3.7 | Safety

A total of 4709 PE procedures were performed, 1223 were sham PE
(placebo) and 3486 were treatment PE. Of the treatment PE, 1283
were TPE while 2203 were LVPE. All LVPE and 814 TPE (47.4%) were
performed through peripheral access.

Of all 4709 PE procedures, ~90% were uneventful, and the
remaining 10.6% were associated with at least one AE. There
were AEs associated with 20.1% of PE procedures with central
access versus 13.1% with peripheral access. There were very few
AEs related to the study product (albumin and IVIG) with respect
to the number of PEs performed (0.3% to 1.4% across the PE
treatment arms). The product-related AEs were more frequent
in the high-albumin+IVIG group (17.7% of patients with at least
1 AE) than in the low-albumin+IVIG (8.1%) or the low-albumin
(6.4%) groups.

AEs had a median duration of 1 day, the majority of them (58.5%)
being transient (lasting < 7 days). The most frequent AE was local
catheter reactions (2.4% to 3.5% across the PE treatment arms; see
Table 2). Overall AEs were more frequent among the patients in the
three groups of PE treatment (87.3%-92.3%) than in placebo (70.9%).
Two patients died during the study (sepsis and suicide). As shown in
Figure 1, the dropout rate due to an AE was very low in the placebo
group (1.3%; 1/80 patients) whereas in the treated groups, values
ranged from 7.7% (6/78) to 17.4% (15/86).

Serious adverse events (SAEs) were reported more frequently in
the groups receiving IVIG (1.9% to 1.7% of the PEs performed, in
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Least square (LS) mean change from baseline in cerebrospinal fluid levels (+ standard error of the mean) of AB4q (panels A, B, C),

AB4 (panels D, E, F), T-tau (panels G, H, 1), and P-tau (panels J, K, L) between the finalization and beginning of each of the two plasma exchange with
albumin replacement (PE) periods (TPE: conventional therapeutic PE up to month 2; LVPE: low-volume PE up to month 14) performed on mild to
moderate Alzheimer’s disease (AD) patients (all-patient [panels A, D, G, J], moderate AD [panels B, E, H, K], and mild AD [panels C, F, |, L]
populations). The difference between the group of PE-treated patients combined (n = 226 at baseline; n = 205 at end of TPE; n = 159 at end of
LVPE) and the placebo group (n = 71 at baseline; n = 72 at end of TPE; n = 63 at end of LVPE) was evaluated using analysis of covariance with
treatment group as a fixed effect, and the corresponding baseline value, age and AD severity, as a covariate. Both statistical significance (P < .05)
and borderline significance (P < .1) versus placebo are indicated

20.3% to 22.1% of patients) than in the low-albumin and the placebo
group (0.7% and 0.9%, respectively, of the PE performed, in 10.3% and
10.1% of patients, respectively). The dropouts due to a SAE were: 1.3%
in placebo, 1.3% in low-albumin, 11.6% in low-albumin+IVIG, 6.4%
in high-albumin+I1VIG groups. Three patients presented four asymp-

tomatic amyloid-related imaging abnormalities (ARIA), two (ARIA-E
and ARIA-H) in a patient in the low-albumin+IVIG group and one in
each of two patients in the high-albumin+IVIG group (ARIA-E and
ARIA-H). Details of AEs, product-related AEs, and SAEs, are summa-
rized in Appendix B, Tables B.15 to B.17 in supporting information.
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TABLE 2 Safety of plasma exchange procedures by treatment arm

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Concept Placebo Low-albumin Low albumin + IVIG High albumin + IVIG Total
Total PE performed 1223 1207 1180 1099 4709

PE associated with AE, n (% of procedures)

With procedure-related AE 9(0.7) 163(13.5) 148(12.5) 181(16.5) 501(10.6)
With product-related AE 0 4(0.3) 6(0.5) 16 (1.4) 26(0.6)
PE associated with a specific AE, n (% of procedures)

Catheter local reactions’ 0 40 (3.3) 35(3.0) 38(3.5) 113(2.4)
Hypotension 0 37(3.1) 37(3.1) 29 (2.6) 103(2.2)
Muscle spasms 0 15(1.2) 4(0.3) 28(2.5) 47 (1.0)
Anemia 2(0.2) 12(1.0) 15(1.3) 12(1.1) 41(0.9)
Dizziness 0 8(0.7) 13(1.1) 9(0.8) 30(0.6)
Presyncope 1(0.1) 7(0.6) 13(1.1) 9(0.8) 30 (0.6)
Paresthesia 0 16 (1.3) 1(0.1) 11(1.0) 28(0.6)
Nausea 0 8(0.7) 4(0.3) 4(0.4) 16(0.3)
Blood fibrinogen decreased 0 1(0.1) 8(0.7) 3(0.3) 12(0.3)
Blood/venous pressure decreased 0 4(0.3) 3(0.3) 5(0.5) 12(0.3)
Catheter/device infection’ 0 4(0.3) 4(0.3) 3(0.3) 11(0.2)
Syncope 0 4(0.3) 3(0.3) 4(0.4) 11(0.2)
Contusion 1(0.1) 2(0.2) 7(0.6) 1(0.1) 10(0.2)
Anxiety 0 2(0.2) 3(0.3) 5(0.5)

Abbreviations: AE, adverse event; IVIG, intravenous immunoglobulin; PE, plasma exchange.
aAEs reported in > 5% of patients in the following categories: catheter site erythema, catheter site pain, extravasation, infusion site extravasation, vascular

access complication, and poor venous access.

bAEs reported in > 5% of patients with catheter site infections and device-related infections.

4 | DISCUSSION

This study provides encouraging results in the treatment of symp-
tomatic AD patients. There was a reduction in the progression of
symptoms in the PE-treated patients in both co-primary efficacy end-
points: the ADCS-ADL showed 52% less decline in PE-treated com-
pared to placebo patients (P = .03) while the ADAS-Cog showed 66%
less decline (P =.06).

The effects observed in the co-primary measures were supported
by the statistically significant differences in the global assessment
endpoints. PE had a significant impact on CDR-sb and ADCS-CGIC
measures in all the treated populations, in nearly all treatment arms.
Positive results on CDR-sb and/or ADCS-CGIC tests have not been

reported in previous trials,”%11:35-39

possibly due to the challenge in
demonstrating treatment effects on global scales. Differences in base-
line demographic characteristics did not appear to have an influence on
the outcomes.

Because we wanted to examine whether the initial severity
of the cognitive syndrome determined response, the cohort was
dichotomized into mild and moderate AD severity. We observed that
the symptom severity of our sample (baseline MMSE 18-26) was glob-
ally milder than the one traditionally considered for mild-to-moderate
AD (MMSE 10-23).40 Results by severity of the cognitive syndrome

showed that the differences remained in the moderate AD group, but

not in the mild AD group. Moreover, all three PE active arms showed
statistically significant slower decline compared to placebo for ADCS-
ADL in the moderate group. Regarding global assessments, effects
were significant in both mild and moderate patients, with moderate
AD patients showing less decline, and mild AD patients showing an
improvement from baseline. The better ADAS-Cog response in moder-
ate versus mild AD may be due to reduced sensitivity of the ADAS-Cog
in patients with better cognitive performance.*>*2 Consequently, cog-
nitive benefit may be more visible with a scale that is more targeted
toward early cognitive changes that are seen in these milder patients.
The percentage of dropouts (28%) over a period of 14 months
(55 weeks) was similar to that reported elsewhere (13.5% to
31.3%),7°1012 put was higher in the two IVIG arms (34.6%-34.9%)
and lower in the other arm and placebo, both without IVIG (20.0%-
21.8%), which is consistent with the safety profile reported in patients
receiving infusions of albumin and IVIG.*344 In addition, only two
(0.6%) patients died during the study, which is similar to the low
mortality rates reported elsewhere (1.3%-2.5%).810.12 The sensitivity
analysis addressing discontinuations by imputation methods (zLOCF)
suggested that bias due to discontinuations is minimal in this study. The
primary MMRM results were somewhat more conservative, suggest-
ing that lowering dropouts may increase effect sizes. The statistically
stronger results after correcting for multiple baseline covariates and

factors result from reduced variability and reduction of bias with these
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models. In addition, the overall impact of the treatment assessed with
GST highlighted the consistency of the effect sizes across relevant
outcomes (ADCS-ADL, ADAS-Cog, and CDR-sb).

We examined CSF biomarkers of the core pathology of AD,*” finding
no clear evidence of a disease-modifying pattern. The effect of treat-
ment was more apparent in the moderate AD population, whose lev-
els of CSF AB4, and tau protein remained stable in the PE-treated
patients across the study whereas in the placebo group decreased
and increased, respectively.*® This suggests a positive effect of PE
and would be consistent with the observed clinical outcome in those
patients. PE might increase clearance of CSF soluble amyloid to pre-
vent its further deposition.*”-48 On the other hand, the Jack model of
AD biomarkers suggests that in the moderate AD stage the amyloid
deposition approaches the asymptotic part of the curve.*? Therefore,
because we observed a bigger effect in the moderate AD stage, it could
be possible that the mechanism involved may be related to the clear-
ance of deposited amyloid. Conversely, in mild AD patients the pat-
terns of AB and tau levels were inconclusive or even counterintuitive.
Although amyloid dynamics and their connection with tau are not well
understood, our CSF biomarker results overall suggest that more than
one mechanism may have been involved in the PE approach, perhaps
including changes in oxidation status2é and inflammatory mediators,°
or could even be procedure-related. In parallel, AB4q levels did not sig-
nificantly change, which may be ascribed to a faster clearance com-
pared to AB4,,°! as well as being less relevant for AD pathogenesis.

In our complementary analysis we examined the efficacy of the
PE treatment with adjusted baseline characteristics analysis, including
amyloid and APOE &4 status. Treatment effects were somewhat differ-
ent between these groups, and correction for these factors resulted
in more significant treatment differences. These results support the
observation that all PE-treated arms slowed progression of AD symp-
toms in the co-primary and global clinical endpoints.

PE is typically used to treat a range of neurological, immunological,
and metabolic disorders®253 while this study showed that PE may be a
novel therapeutic approach to treat AD. Furthermore, we believe that
PE treatment does not preclude the possibility of being applied in com-
bination with current and future therapies for AD. To our knowledge,
this series of 4709 apheresis procedures (including the 1223 sham PE)
is the largest performed within a randomized, controlled clinical trial
on a single disease. In addition, this is the first time that therapeutic
apheresis was used in a phase 2b/3 trial on AD,?! including a new form,
LVPE, aimed at chronic diseases. LVPE is based on the routine plasma
donation process performed millions of times a year in plasma donation
centers worldwide, so its application on AD patients would be suitable
on an outpatient basis.

Because AD patients are frequently in fragile health, PE treat-
ment should be undertaken with caution due to its invasive nature.
However, in our study close to 90% of the 4709 apheresis proce-
dures were uneventful. The fact that >3500 actual PE procedures
were performed in this study, most of them through peripheral access,
and the high percentage (72%) of patients who completed the study,
further supports that this procedure is feasible in mild-to-moderate

AD. Peripheral access will likely be considered the only access for a

future trial. Overall, the AEs reported for this study with AD patients
are similar to the known safety profile of PE procedures for other
indications.”*>>

In this study neither raters, caregivers, nor patients were aware of
which treatment was being administered. The maintenance of blinding
of the treatment could be a challenge as it occurs with trials that involve
peripheral devices. However, there are two facts that strongly suggest
that blinding was effective: first, that identical null clinical effect was
observed in the primary variables of both treated and placebo groups
of the mild AD subpopulation; and second, that 80.0% of the patients in
the placebo group (the highest percentage of all groups) completed the
whole study. It is typically expected that poor blinding causes a much
higher rate of dropouts in the placebo group.>®

The findings of this study should be interpreted in the context
of its limitations. Caution is advised regarding worldwide generaliza-
tion of the results because the study was performed in two countries
only. This study does not allow determining the specific mechanism
of action, which may go beyond AB binding. Analysis of plasma amy-
loid levels, which could help determine mechanisms, was not available
for this study. This study did not enroll patients based on the pres-
ence or absence of a biomarker but was based on the presence of the
AD clinical syndrome. Although this will be taken into account in the
design of a future trial, our distribution of baseline CSF AB4, levels
with most patients in the lower ranges, was in line with the mean val-
ues from other studies that use similar patient population and methods
of determination.8>” Moreover, because none of the three treatment
arms separately showed superiority in clinical efficacy, the intervention
group for the future trial will take into consideration other parameters
such as dropout rate and safety profile.

In conclusion, this study showed that PE with albumin replacement
could slow cognitive and functional decline in AD patients. This finding
in the co-primary outcomes was supported by a similar effect observed
in key secondary global assessments. PE was shown to be feasible in
the studied patient population. These findings have the potential to
offer AD patients with overt dementia a new modality of treatment,
although additional studies are needed to further investigate the cur-
rent study areas of uncertainty.

5 | THE AMBAR TRIAL GROUP

In addition to those mentioned as nominal authors, the following inves-
tigators and centers also participated in the study: Asuncién Lafuente
(Alzheimer Research Center and Memory Clinic, Fundacio ACE Institut
Catala de Neurociéncies Aplicades - Universitat Internacional de
Catalunya [UIC], Barcelona, Spain. Centro de Investigacién Biomédica
en Red de Enfermedades Neurodegenerativas [CIBERNED], Instituto
de Salud Carlos Ill, Madrid, Spain); Juan Pablo Tartari (Hospital Uni-
versitari Mutua de Terrassa, Terrassa, Spain); Teresa Moreno (Hospital
Clinico San Carlos, Madrid, Spain); Francesc Pujadas (Hospital Vall
d’Hebron, Barcelona, Spain); Miguel Goii (Hospital Universitario de
Burgos, Burgos, Spain); José De La Gandara (Quantum Laboratories,
Inc. Wixom, MI, USA); William A. McElveen (Bradenton Research
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Center, Inc., Bradenton, FL, USA); Ramon Refié (Hospital Universitari
de Bellvitge, L'Hospitalet de Llobregat, Spain); Secundino Lopez-Pousa
(Parc Hospitalari Marti i Julia, Salt, Spain); Antonio Del Olmo (Hospital
Universitario Dr. Peset, Valéncia, Spain); Douglas Young (Northern
California Research, Sacramento, CA, USA); Babak Tousi (Cleveland
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