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Abstract: Alzheimer’s disease (AD) is a devastating neurodegenerative form of dementia
with increasing incidence rates in most countries. AD is characterized by amyloid plaques and
neurofibrillary tangles in the brains of AD individuals accompanied by global neuronal loss.
The peptide amyloid-f (AB) aggregates to amyloid plaques in AD brains. As a result, many
therapeutic approaches target AB. Human plasma and the plasma product intravenous immuno-
globulin (IVIG) contain naturally-occurring anti-A} antibodies (Nabs-Af) that appear to reduce
risks of developing AD. IVIG sequesters A3 and thus interferes with AD progression. This study
reviews the role of different AP species, Nabs-Ap, preclinical data, and clinical studies of IVIG
as potential AD treatments. The focus of this study is the outcomes of a recent Gammaglobulin
Alzheimer’s Partnership Phase I1I trial that did not reach primary endpoints, as well as efforts
to compare IVIG with current anti-A} monoclonals such as bapineuzumab, solanezumab, and
BIIB037. Moreover, this study critically examines current market and ethical consequences of
potential off-label uses of IVIG, limits in IVIG supply, and subsequent challenges.
Keywords: IVIG, amyloid-beta, Nabs-A, Gammagard®, efficacy, target, market

Alzheimer’s disease dementia

Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by cognitive
decline accompanied by progressive loss of memory, orientation, and reasoning. AD
is the most common form of dementia and accounts for 60%—70% of reported cases.!
Countries in demographic transition are predicted to experience a dramatic increase
in AD in the next few decades. In 2010, the World Health Organization estimated the
worldwide number of individuals with dementia to be 35.6 million; this is expected to
double every 20 years.> About 650,000 individuals are currently projected to develop
AD in Germany. The USA has 5 million AD patients, and AD is now the sixth leading
cause of death in that country. Within that patient population, 30% are considered to
have mild, 40% moderate, and 30% severe AD.? The estimated worldwide costs of
dementia in 2010 were US$604 billion; on average, US$16,777 per patient, but with
a projected US$33,000 cost per patient in higher income countries.*

The main histopathological hallmarks of AD are two types of misfolded proteins
in the brain: intracellular hyper-phosphorylated tau in neurofibrillary tangles and
extracellularly aggregated amyloid-f (AP) in senile plaques. Tau belongs to the
microtubule-associated protein family predominantly found in neurons. In a low
phosphorylated state, tau binds to microtubules and stabilizes their assembly. Properly
assembled microtubules are essential for maintaining axonal transport processes.
Hyper- and abnormal phosphorylation of tau result in impairment of axonal transport>°
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and neuronal death.” The amyloid precursor protein (APP) is
proteolytically processed to form A, a peptide of predomi-
nantly 3943 residues.® The most common isoforms are AR,
and AB,,
more prone to aggregation.

AB42’
(CSF) serve as clinical biomarkers for AD and mild cognitive

with AB,, being more hydrophobic and thereby
total-tau, and phospho-tau in cerebrospinal fluid

impairment (MCI),’ as evidenced by functional imaging such
as MRI (magnetic resonance imaging) and PET (positron
emission tomography).' Biomarker strategies have had a
significant impact on study outcomes but no biomarker has
yet been approved as a successful predictor for AD.

Although AD was first described more than 100 years ago'!
and is currently a subject of research in thousands of laboratories
and renowned institutes worldwide, a clinically-proven disease-
modifying therapy for AD remains elusive. Currently, the only
method for combating AD is prevention of major risk factors
such as vascular disease, type Il diabetes, midlife hypertension,
midlife obesity, smoking, and physical inactivity.* A constant risk
factor for AD is the Apolipoprotein E (ApoE) polymorphism.'?
The major isoforms ApoE2, ApoE3, and ApoE4 carry different
risks for developing AD: homozygous ApoE4 carriers pose the
greatest risk for developing AD. ApoE3 is considered “normal”
risk and ApoE? is considered protective.

A species: the dirty dozen?

AP exists not only as a monomer; there are more than a
dozen different AP species. Despite much speculation, it
remains unclear which AP species cause AD regardless of
whether amyloid is responsible for AD at all. N-terminally
truncated and pyro-Glu modified AR, (pE3-Af) account for
>50% of AP accumulated in amyloid plaques.'>'* pE3-Af}
is more hydrophobic, which accelerates its neurotoxic
aggregation.'

The self-association of A peptides results in aggregates
with varying morphologies. Monomeric AP peptides exist
in rapid equilibrium with low molecular weight aggregates,
further aggregating over different transient intermediates
such as oligomers to mature insoluble AB-fibrils that finally
accumulate as plaques.”'* Many studies have described vari-
ous types of higher molecular forms of synthetic A} but not
much is known about which of these occur in vivo.!® Facing
the meta-stability and ability for inter-conversion of different
aggregation pathways, it is questionable whether to target
a single “most-toxic” AB-species rather than depleting the
whole spectrum of AB-aggregates.!’
was shown

1-42
to be effective more than a decade ago in A animal models

Active immunotherapy using aggregated A3

by diminishing plaques and improving cognitive deficits.'®
A subsequent clinical trial (AN-1792; NCT00021723) in

which subjects with AD were vaccinated with AP as

1-42 W
halted at Phase Ila after 6% of subjects developed meningo-
encephalitis.'” Of significance, active AP immunization in
mice revealed similar data and led to encephalitis.?’ A reduced
cognitive decline in immunized patients who responded with
a high titer and reduction in post-mortem amyloid load has
been reported.?'?> However, amyloid load appears to not be
correlated to cognition.”*** Regardless, some studies have
recommended continuation of anti-Af} immunotherapy,
but attention has been shifted to passive immunotherapy
considered to be safer, controllable, and efficacious in AD
animal models.?*?’ Unfortunately, large Phase III studies of
two anti-A [ monoclonal antibodies (mAbs), bapineuzumab
and solanezumab, recently failed to reach their primary
endpoints.?$?

Natural anti-AB autoantibodies

Antibodies that react with self-molecules occur in healthy
individuals and are named natural autoantibodies (Nabs).
Nabs are mainly composed of immunoglobulin (Ig)M and
display a moderate affinity for self-antigens and appear to be
produced without any previous antigen exposure.**3? Nabs
probably act by eliminating circulating proteins before they
can elicit a damaging response.** However, the underlying
mechanisms remain elusive.

Among these, Nabs against AR (Nabs-AB) have been
found in the plasma of healthy individuals. Interestingly,
Nabs-APB were found to be reduced in AD patients.3*3¢
Specifically, autoantibodies against AB,, were reduced but
unfortunately without being a useful diagnostic marker for
AD.*” Similarly to IgGs, levels of endogenous IgM autoan-
tibodies against pE3-AP were significantly decreased in AD
patients compared to healthy controls. A significant positive
correlation between pE3-AB-IgM and cognitive decline has
been reported by some MCI patients.*®

In vitro, Nabs-AB were found to interfere with the
oligomerization and fibrillization of AP, thereby blocking
AP toxicity.*** Moreover, clearance of A was success-
ful but Nabs-AP did not clear senile plaques even though
early fleecy-like plaques were reduced.*’ Administration
of Nabs-Af in transgenic mice has been shown to improve
cognition.*”? The N-terminal part of the fibrillar AB peptide in
plaques was accessible at the plaque surface. Likewise, active
immunization with aggregated A3, generated predominantly
antibodies that recognized the N-terminus of A%, and so did
most therapeutic anti-AB-mAbs. As revealed by epitope map-
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ping, Nabs-AP detected mainly mid- and C-terminal epitopes
of AP starting from amino acid 28. Nabs-AB appeared to
recognize a common conformational epitope rather than a
distinct peptide sequence, since most of them did not bind
to native AP monomers.** They seemed to preferentially
capture apparent dimers and trimers and interfered with
oligomerization.*

Intravenous immunoglobulin:

an exciting and mysterious mixture
Intravenous immunoglobulin (IVIG) is a commercially avail-
able polyclonal Ig preparation offering important immuno-
modulatory and anti-inflammatory properties. Over the past
6 decades, polyvalent Igs have been approved and used as
medications to treat rare immune-related and neurological
conditions. Their effectiveness has been established in more
than 80 diseases such as primary and secondary immunode-
ficiency and immune-mediated neurological diseases such as
Guillan-Barré syndrome, chronic inflammatory demyelinat-
ing polyradiculoneuropathy, multifocal motor neuropathy,
myasthenia gravis, autoimmune encephalitis, and stiff-person
syndrome.

IVIG is commonly delivered intravenously, and approxi-
mately 16 different manufacturers have marketed IVIG
products. IVIG is purified from human plasma pooled from
more than 1,000 healthy donors by enzymatic, chemical,
and chromatographic processes. A specific distribution of
IgG subtypes and a functional Fc of native Igs are required
for high-quality IVIG preparations. There is a specific safety
concept that includes a selection of donors, gentle separa-
tion, and inactivation or removal of viral structures. That
being said, IVIG is made from human plasma and carries a
risk of transmitting infectious agents. Blood products have
demonstrated an ability to induce severe hypersensitivity
reactions, thrombotic events, hemolytic anemia, as well as
renal dysfunction, acute renal failure, osmotic nephrosis,
and death in predisposed patients. In addition, IVIG con-
tains antibodies against blood group antigens that can act as
hemolysins. Hyperproteinemia, increased serum viscosity,
and hyponatremia, but also aseptic meningitis syndrome can
occur in patients receiving IVIG.

Mechanisms of action of IVIG and how it produces its
clinical effect in immune-mediated neurological disorders
remains elusive. Direct actions on oligodendrocyte progeni-
tors are presumed to be an effect of sustaining experimental
remyelination.*“** More relevant considerations include
suppression of proinflammatory substrates and reduction
of T-cell proliferation by IVIG.#’ Furthermore, interference

with the complement system has been thought to contribute
to the cytopathic effects of IVIG.

IVIG for treatment of AD:

preclinical evidence

Similarly to Nabs-Ap that occur in healthy humans, Nabs-Af3
are also found in pooled preparations of IVIG derived from
fractionated plasma of healthy donors.*® IVIG preparations
contain IgGs that are cross-reactive against a conformational
epitope on synthetic AB oligomers and fibrils as well as on
amyloid in tissue sections.*’ Binding in the nanomolar range
has been reported from IgG, subtypes Nabs-AB found in
IVIG.

Attention has raised the observation that IVIG treatment
due to other indications has been shown to reduce the risk
of developing AD by >40%.%" As a result, IVIG treatment
could be useful in the treatment of AD in humans as a type
of passive anti-AP immunotherapy.>*? Efflux of central
AP into the periphery (peripheral sink) appears to be the
main mechanism for Nabs-A and IVIGs. However, a small
amount of Nabs-AB from IVIG can cross the blood—brain
barrier, as shown by using radiolabeled Nabs-A.** The few
autoantibodies available in the brain have been suggested to
be sufficient to induce uptake by opsonization in the brain
(central sink).'84%5435 As a result, other mechanisms such
as central degradation of AP oligomers in the presence
of Nabs-AP by microglial cells could also have played an
important role.

In an AD mouse model, treatment with administration
of IVIG (10%, 400 mg/kg) every 2 weeks for 3 months
revealed a small but significant 15% decrease in tau hyper-
phosphorylation of hippocampal neurons.* Plasma levels of
several modulators of neuronal plasticity, including synap-
tophysin, homerl, nestin, and neurofilament H increased by
40%—50% after IVIG treatment. Similarly, the IVIG treated
group showed a mild beneficial effect on memory; an ~20%
reduction of the soluble AP, /AP, ratio and a 60% decrease
of AP oligomers.”” In an AP mouse model, IVIG improved
cognitive function, possibly through upregulation of the
AMPA-CREB signaling pathway.*® In addition, human fetal
neuronal cultures treated with 10 mg/mL and 20 mg/mL
IVIG showed improved resistance against reactive oxygen
species compared to vehicle- and placebo-treated cells.”
IVIG and pooled mouse IgG both reduced AP deposition
and neuroinflammation to the same extent as anti-Ap mAb
but with slower kinetics.®® Importantly, A concentration
and structure appeared to have an impact on the blood—brain
barrier’s transport of IVIG.! As a result, levels of A species
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Table | GAP study: co-primary endpoints and biomarker

IVIG IVIG Placebo
400 mg/kg 200 mg/kg
ADAS-Cog 74 89 84
ADCS-ADL —-11.4 -12.4 -11.4
Biomarker
Total IgG in CSF 79% 37% 0%
(over baseline)
Plasma levels of AB, ,, —17% —6% -3%
Fibrillar brain amyloid —4.1% -2.7% -0.9%

Note: Data from Baxter International Inc’' and Medscape.com.”™

Abbreviations: IVIG, intravenous immunoglobulin; ADAS-Cog, Alzheimer’s Disease
Assessment Scale-Cognitive subscale; ADCS-ADL, Alzheimer’s Disease Cooperative
Study-Activities of Daily Living; IgG, immunoglobulin G; CSF, cerebrospinal fluid; AB,
amyloid-B; GAP, Gammaglobulin Alzheimer’s Partnership.

could possibly serve as predictive biomarkers for outcomes
of clinical IVIG studies.

Interestingly, antibodies that bind to AP typically also bind
to the parent APP. This suggests that certain Nabs-Ap can
interfere with APP conformation and processing. Nabs-Af3
isolated from AD patients, but not from healthy controls
promoted B-secretase activity in cultured cells.® Moreover,
some data indicate an autocatalytic function of Nabs-A in
hydrolyzing AB.®* Catalytic activity improved as a function
of age, and subjects with AD produced catalytic antibodies
at increased levels (>IgMs than IgGs). However, in the lat-
ter study, IVIG did not cleave AP, possibly since most IVIG
preparations contained low quantities of IgMs.

IVIG for treatment of AD:

clinical evidence

A 2004 pilot study examining the use of IVIG in AD enrolled
five AD patients who received 400 mg/kg monthly of IVIG
(Octagam, Octapharma, Lachen, Switzerland) for 6 months.*
Serum AP increased significantly subsequent to IVIG treat-
ment, by more than 230%, while AP CSF levels decreased
significantly by 30% compared to baseline. Cognition
improved on the AD assessment scale-cognitive scale
(ADAS-Cog) at 3.7 points but mini-mental state (MMSE)
scores were not significantly altered following treatment
(improved in four patients, stable in one patient).

In 2007, an interesting study investigated the effects
of a washout period. Eight mild AD patients received
400 mg/kg—-2,000 mg/kg IVIG (Gammagard®; Baxter,
Deerfield, IL, USA) for 6 months in an open-label dose-
ranging study, then discontinued the treatment as a washout
and finally resumed treatment for an additional 9 months.®*
IVIG was used as an add-on to approved standard AD
therapies. The amount of Nabs-A[ in patient serum increased
dose-dependently and plasma A levels increased transiently

after each infusion. Interestingly, the half-life of Nabs-AB
was reduced compared to non-A binding IgGs. Levels of
AP in CSF decreased significantly after 6 months of treat-
ment, returned to baseline during the washout, and decreased
again when IVIG was re-administered. This suggests that
IVIG induced a peripheral sink-like efflux of AP from the
brain to the periphery. Cognition measured by the 30 point
MMSE scale increased by 2.5 points after 6 months, returned
to baseline during washout, and remained stable during sub-
sequent [VIG treatment. However, due to small sample size,
the study was not powered to provide significant results and
to discriminate from the placebo effect.

A subsequent small Phase II study (Gammagard;
NCT00299988) with 24 patients showed a dose-dependent
effect on brain atrophy.®® Enlargement of the cerebral lateral
ventricles is known to occur as a consequence of brain atro-
phy in AD and has been correlated to cognitive decline and
AD neuropathology.®® Among 14 IVIG-treated patients who
underwent volumetric MRI at baseline and after 18 months,
the yearly increase in lateral ventricle volume was found to
be lower in patients treated with the highest dose of IVIG.
The reduction in brain atrophy was significantly correlated
with improvement in clinical outcomes at 18 months on the
Clinical Global Impression of Change and the ADAS-Cog.
Notably, patient baseline characteristics were not correlated
with volumetric MRI outcomes.®” Again, Nabs-Af} were
apparently detected in CSF subsequent to treatment.*®

These preliminary clinical results and preclinical data
justified larger clinical trials with statistical power to vali-
date the effects of IVIG in AD as follows: a Phase II trial
by Octapharma (NCTO00812565; Octapharma, Lachen,
Switzerland) using Octagam 10%; a Phase II trial sponsored
by Sutter Health (Sacramento, CA, USA) (NCT01300728;
NewGam 10%); a Phase II trial (NCT01561053) by Grifols
Biologicals Inc. (Los Angeles, CA, USA) evaluating the
combination of Flebogamma® DIF 5% with human albu-
min (Albutein 20%) after plasmapheresis; and a Phase III
trial (NCT00818662; Gammagard Baxter Gammaglobulin
Alzheimer’s Partnership [GAP] study) sponsored by Bax-
ter and the National Institutes of Health AD Cooperative
Study.*?

The Octagam Phase II study using 55 probable AD
patients was a multicenter, placebo-controlled, randomized
trial that was completed in 2011. The study tested doses of
1,000 mg/kg and 800 mg/kg IVIG every 2—4 weeks but did
not meet its primary endpoints in improving or stabilizing
cognition.”® As opposed to previous studies, no changes in
plasma and CSF AP were detected. The only apparent benefit
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of the treatment was significant improvement in cerebral
glucose metabolism.

The NewGam (NCT01300728) and the Flebogama
Albutein (NCT00818662) studies are ongoing and data
are expected at the end of 2014 and 2016, respectively.*?
The NewGam study enrolled MCI instead of AD subjects
and will hopefully result in new insights on the efficacy
of earlier treatment. Meanwhile, to evaluate long-term
effects, an open-label extension of the above-mentioned
Phase II study (NCT00299988) was performed, in which
24 participants received 400 mg/kg IVIG (Gammagard
Baxter) every 2 weeks for additional 30 months.” Sixteen
of the originally enrolled subjects received treatment until
month 36; of these, five were given placebo and eleven were
treated with various doses of IVIG during the first 6 months.
The extension study showed a 3 year stabilization in AD
symptoms. In addition, no decline in measures of cogni-
tion, memory, daily functioning, and mood were observed.
Four subjects treated from the beginning with 400 mg/kg
IVIG every 2 weeks for 36 months had the best outcomes
with no signs of cognitive decline. The eleven participants
who received IVIG for 36 months had favorable outcomes
in terms of thinking abilities, behavior, and daily function.
The five participants who were initially treated with pla-
cebo and then switched to IVIG declined while on placebo
but experienced a less rapid decline during IVIG treatment.
Although these results are considered significant within the
AD community, it should be kept in mind that this study
was not statistically powered.

There have been increased insights into the potential
benefits of IVIG for AD subgroups; these could contribute
to study results. The Phase III GAP study has been the
largest placebo-controlled AD study.” It was designed and
powered to assess the safety and effectiveness of [IVIG as a
potential treatment for AD. The prospective, randomized,
double-blind, placebo-controlled, multicenter trial included
390 patients with mild to moderate AD. Patients were ran-
domized to receive 400 mg/kg IVIG, 200 mg/kg IVIG, or
0.25% human albumin placebo every 2 weeks for 18 months.
Subjects between 50-89 years were required to maintain
their treatment regimen of approved medications for AD
symptom management. Randomization was balanced for
baseline-modified MMSE test, examination scores, and ApoE
genotype. Co-primary endpoints were ADAS-Cog versus (vs)
placebo or change in functional ability according to the AD
Cooperative Study Activities of Daily Living ADCS-ADL
scale vs placebo. All patients underwent serial plasma col-
lection and MRI imaging, and a subset of patients underwent

collection of CSF and amyloid imaging using PET tracers.
Follow-up occurred at 3 month intervals.

No new safety warnings associated with treatment were
identified. The most common adverse reactions observed in
at least 5% of patients during IVIG treatment were rash and
decreased hemoglobin. There were no differences in rate of
thromboembolic events in the treatment groups vs placebo.
There were 17 serious adverse reactions considered to be
treatment related (12 in the IVIG cohorts and five in the pla-
cebo cohort). In contrast to anti-A3-mAb trials, no apparent
increase in risks for amyloid-related imaging abnormalities
was observed.

Although IVIG showed acceptable safety and tolerability
profiles, the GAP study did not meet its co-primary end-
points: after 18 months, there was no significant difference in
rates of cognitive decline and functional ability (see Table 1).
Nevertheless, biomarker analyses suggest that IVIG entered
the brain while total IgG in CSF increased dose-dependently
from baseline. In addition, AP was apparently mobilized from
the brain as a dose-dependent increase in antibodies specific
against oligomeric and fibrillar AP detected in the CSF of
the subgroup that underwent CSF collection.” In parallel,
a dose-dependent reduction was observed in plasma levels
of AR, ,, butnotinAP,
to placebo. Finally, a reduction in brain fibrillar amyloid

in IVIG-treated patients compared

measured by PET using florbetapir showed central activity of
IVIG treatment, particularly in ApoE4 carriers. This supports
the hypothesis that IVIG can decrease amyloid burden in AD.
However, this sub-study did not have a sufficient number
of subjects to establish statistical significance. Finally, CSF
levels of tau and phospho-tau were not influenced by the
treatment. These signals, as observed on multiple biomarker
measures, suggest the passage of antibodies across the blood—
brain barrier and targeting of AP. Unfortunately, no data
are available to explain how AP levels were measured since
the method and masking by antibodies may have affected
the quantification of biomarkers.”

Since the third Phase III trial examining passive anti-Af
immunotherapy after bapineuzumab and solanezumab failed,
disappointment in the scientific community was significant.
However, it should be kept in mind that until recently, it
was not sufficiently shown that any preclinical effect of
IVIG was due to anti-AP activity; hence, whether IVIG
was comparable to anti-Af} mAbs in any way. Similarly to
the bapineuzumab and solanezumab trials, further analyses
have been conducted with the hope of unraveling underly-
ing mechanisms. Clearly, the GAP study was not designed
to demonstrate statistical significance in these pre-planned
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subgroup analyses.”” Nevertheless, additional exploratory
post hoc and pre-specified intention-to-treat subgroup
analyses of the data showed some benefits. However, a type
I error and other statistical effects could not be excluded
and should be kept in mind when reviewing this study. With
the knowledge acquired from the GAP study, an interpreta-
tion of the positive outcomes of the extension Gammagard
Baxter Phase II study (NCT00299988) was possible. Interest-
ingly, the 16 patients who benefited from IVIG fell into the
subgroups “moderate disease” or “ApoE4 carrier”, which
appeared to have a benefit in the GAP trial.”

After results of the GAP study were released, Baxter
discontinued a second ongoing Phase III trial of IVIG in
Europe and the US in patients with mild to moderate disease.
Another Phase II trial of IVIG in patients with MCI using
the same dose of IVIG but with a shorter treatment interval
is ongoing.

There was an imbalance between the data available
from Phase II studies compared to the Phase III study. That
was mainly due to the fact that most Phase II studies were
conducted by academic groups and were published. Data
from the GAP study were published only in parts as press
releases.

Off-label use of IVIG for AD: market

and ethical considerations

Some AD patients are currently treated with IVIG as off-label
use since no disease-modifying treatments are available for
AD. This has been encouraged by the promising results of
some Phase II studies and the fact that IVIG is well-known
and already approved for other neurological conditions. So
what does off-label use actually mean?

The European Medicines Agency (EMA) and the US
Food and Drug Administration (FDA) review manufacturer
applications and data to grant approval of prescription drugs.
When results do not support the use of a drug for unap-
proved indications or populations, the use can be marked as
off-label. Physicians can prescribe such products but drug
manufacturers may not promote their use. According to FDA
guidelines, physicians can use a product that is not in the
approved labeling; however, they have a responsibility to be
well-informed about the product so as to base its use on solid
scientific rationale and maintain records about the drug’s
use and effects. Off-label use is common in older generic
medications, particularly in oncology and pediatrics, where
up to 50% of drug prescriptions are off-label. Up to 25%
of all drugs are prescribed off-label and among psychiatric
drugs, off-label use rises to 31%."” Beyond that, there are

numerous studies that support off-label use of non-approved
drugs. Since the FDA provides a rigorous regulatory system
for the protection of previous medical product consumers,
companies are allowed to distribute peer-reviewed scientific
articles and documents describing off-label use.”®”” There are
various regulations for off-label use in different countries;
in general, however, no laws prohibit the prescription of an
approved drug for other reasons than the indications issued
and approved. A medical consent discussion about the poten-
tial risks is compulsory.

Nevertheless, there remain legal disputes about coverage
regarding costs of off-label drugs by different health care
systems, such as the German Health Insurance. In Germany
for example criteria were defined covering the use of off-label
drugs. These criteria included both treatment of severe illness
with no approved therapy available as well as a reasonable
expectation of an assumed successful medical treatment
based on current data. Beyond these facts, a growing oft-label
use of IVIG for AD could lead to significant costs to health
care systems and engender an increasing demand for IVIG
in additional payments. IVIG treatment in geriatric patients
can quite frequently only be administered at reduced doses
due to limited clearance as a result of renal insufficiency.”
It is not clear whether these patients can receive a sufficient
dose of IVIG to be effective. Considering side effects and
economic aspects, more multicenter studies with larger
patient samples are necessary before such an expensive and
burdensome treatment strategy can be widely recommended.
Moreover, IVIG is in limited supply” but is an important and
lifesaving drug. The ethical considerations of off-label use
for AD are therefore the other side of the story.

IVIG: a limited product

Considering off-label use and potential approval of IVIG
for AD, how realistic is the scenario of using IVIG for a
disease with a high incidence rate such as AD? The use of
plasma products differs widely in different countries and has
increased in the past years around the world. The demand
for IVIG increased 14x from 1984 to 2013 from 7.41 to
103.4 metric tons.* An increased need of 6% per year to
146.7 tons in 2018 was estimated in the case of non-approval
of IVIG for AD, and 9%—12% per year to 186.5 metric tons in
the case of approval. These numbers reflect the limit of global
IVIG production. The demographic transition favors the limit
in supply as "healthy” donors grow older. The forecast of >40
metric tons was based on calculations assuming AD patients
with a mean body weight of 70 kg receiving 400 mg to 500
mg IVIG/kg every 2 weeks, resulting in a total of 728 g to
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840 g IVIG/year per AD patient. This implies that only 46,619
to 54,711 AD patients can be treated with 40 metric tons.
Examining the actual number of AD patients and considering
the benefits to the subgroups “moderate AD” and “ApoE4”
only, it is clear that this would not cover the needs.

Is there a possibility of overcoming the supply problem?
One option is to optimize the production of IVIG. Blood from
healthy donors contains 7 g to 16 g IgG per liter. At present,
3.5 t0 5.0 g of IVIG are yielded per liter of plasma by frac-
tionation. Modified purification processes for [IVIG have been
examined for increasing yield and thus quantity;’ however,
this would also significantly increase manufacturing costs.

Another option could be new sources of donors. In 2010,
32.2 million liters of plasma was collected globally for frac-
tionation; >18 million were from the USA and ~3 million
were from Germany. Currently, plasma fractionation is
performed mainly in Europe, North America, and Australia,
while only a handful of companies produce IVIG from
donors in Asia and Africa. More donors in addition to high
standards of safety and molecular diagnostics could increase
the amount of available IVIG.

Is the present IVIG composition optimal

as a potential future AD medication?

The concentration of Nabs-AR has been reported to be ~0.2%
of all IgGs present in IVIG.>> Assuming that Nabs-A are
the active pharmaceutical ingredient in IVIG for AD, this
would imply that 99.8% of IVIG is inactive and therefore
useless. Moreover, different IVIG preparations have shown
altered composition of antibodies and altered binding to A3,
monomers and soluble oligomers.®*#! This could imply that
some preparations can reach clinical efficacy while others
cannot. Clinical data and translational research are required
to confirm the therapeutic action of anti-Af antibodies,
regardless of whether they are endogenous/naturally occur-
ring or exogenous such as bapineuzumab, solanezumab,
and others.

Considering the appropriateness of anti-Af} immuno-
therapies and that A species and A} multimers provide many
conformational epitopes, clinical data on IVIG potentially
provides hints that a polyclonal anti-ApB approach could be
more effective than a monoclonal approach. It is evident
to tackle as many forms of A as possible.?® If this is true,
an optimized polyclonal approach to AD would be the use
of Nabs-AB-enriched IVIG or a combination of different
anti-AP mAbs. While enrichment of Nabs-AB from body
fluids has been recently patented, there are currently no other
commercial sources other than IVIG.®

As such, the clinical outcomes of BIIB037-a mAb derived
from an AD patient with an unusual stable clinical course
are interesting since a single Nab-AP proceeded to clinical
development.”? IVIG preparation from successfully-aged
donors without any signs of AD could provide an optimal
cocktail of highly-active Nabs-AP more suitable than those
from young donors. However, the mechanisms underlying the
effects of IVIG on cognitive outcomes remain unknown. IVIG
could possibly act via an AB-independent mechanisms.®*> AD
has a strong neuroinflammatory component that is unquestion-
ably not a cause of the disease but has significant impacts on
progression. IVIG has been shown to improve efficacy, mainly
by anti-inflammatory activity in neurological disorders apart
from AD. For instance, sialylated IgG Fc fragments in IVIG
increased secretion of soluble anti-inflammatory mediators but
also had other anti-inflammatory effects.*** The anti-inflam-
matory activity of IVIG is probably important in AD. Current
research does not understand the function of Nabs; however,
it is known that IgM has mainly autoreactive functions. More-
over, in the central nervous system (CNS), antibodies bind
surface antigens onto specific CNS cells, thereby activating
intracellular repair-promoting signals.® Most IVIG products
do not contain >0.1% IgM. Considering that the mechanisms
of action could be related to autoreactive IgMs regardless of
the presence or absence of anti-Af IgM, this would mean
that >99.9% of IVIG ingredients are inactive. In that case, an
IgM-enriched preparation could provide better efficacy in the
treatment of AD than conventional IVIG preparations.

Conclusion

The outcomes of the GAP study and other Phase III AD tri-
als highlight the importance of adapting clinical AD trials
to the latest EMA and FDA recommendations. Many recent
studies have been re-examined since they did not result in
positive outcomes in clinical endpoints. As a result, clinical
trials involving AD patients should be powered for subse-
quent sub-group analyses since AD patients seem to belong
to a heterogeneous pool. AD research is beyond the point of
trusting animal and cellular models since they do not often
translate data to clinical applications. More retro-prospective
and statistically-powered studies are required to better under-
stand the mechanisms of degeneration in humans and how to
interact with them. IVIG studies, regardless of whether they
were successful or not, can provide important insights into the
interactions between AP and/or tau and Nabs. It is possible
that future studies will recognize that it was useless and too
late to perform clinical trials with AD patients, and that only
patients with MCI can benefit from any treatment.
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Nevertheless, studies involving in-depth analyses
could provide a significant step forward in understanding
neurodegeneration. The costs of these studies are signifi-
cant but not as significant as the costs of not treating AD.
Additionally, approval of IVIG for treating AD is not an
option for global therapy since this product is rather limited. It
is important to identify the active pharmaceutical ingredients
of IVIG and optimize its production.
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