Polyvalent immunoglobulins: challenges and perspectives
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Introduction and biological activities of
polyvalent immunoglobulins

Over the past 3 decades, administration of pooled
human immunoglobulins (IVIGs) which contain a broad
range of antibody specificities, originally in use for
antibody replacement therapy, has been extended to other
clinical conditions due to their anti-inflammatory and
immunomodulatory effects, which were not anticipated
when these polyclonal preparations were first developed'.
Currently available IVIGs preparations are produced
human pools of plasma obtained from several thousand
healthy blood donors by using a number of preparatory
steps. The large donor pool ensures the diversity of antibody
repertoires similar to those present in normal human serum
with antibody specificities to a wide spectrum of antigens.
Moreover, immunoglobulin preparations contain natural
antibodies (NAb), occurring independently of antigenic
stimulation and representing a first-line defence against

pathogens?®3. The distribution of IgG subclasses in IVIGs
is comparable with that of IgG in normal human serum,
however, unlike IgG purified from a single individual,
therapeutic IVIGs preparations contain substantial amounts
of IgG dimers and traces of multimers, due to the idiotype-
anti-idiotype complex formation between IgG molecules
from different individuals.

IVIGs is administered at distinct doses in the clinical
settings*>: whereas patients affected by Primary Immune
Deficiencies are treated with replacement levels of
IVIGs, patients with autoimmune and inflammatory
diseases are treated with high dose of IVIGs. In
autoimmune and inflammatory diseases, several mutually
non-exclusive mechanisms have been put forward to
explain the immunomodulatory effects®®: IVIGs exerts
immunoregulatory functions at multiple levels (Table I),
implicating modulation of expression and function of Fc
receptors, interference with complement activation and

Table I - Biologic activity and mediators involved in mechanisms Fab-mediated, Fc-mediated, Complement-mediated,
Sialylated Fc-mediated, and protein involved in the immune system homeostasis through intravenous

immunoglobulins.

Biologic activity

Mediators

Fab-mediated:

- Suppression or neutralisation of autoantibodies

- Suppression or neutralisation of cytokines

- Neutralisation of activated complement components
- Restoration of idiotypic-anti-idiotypic networks

- Blockade of leukocyte-adhesion-molecule binding

- Targeting of specific immune cell-surface receptors

- Modulation of maturation and function of dendritic cells

- Anti-idiotypes
- Antibodies to immunomodulatory proteins
- Antibodies to superantigens and pathogens

- Natural antibodies

Fc-mediated:

- Blockade of the FcRn

- Blockade of activating FcyR

- Up-regulation of inhibitory FcyRIIB

- Immunomodulation by sialylated IgG

- Inhibition of phagocytosis

- Blockade of immune complex access to FcyR

- Blockade of immune complex access to FcyR

- Binding to activating and inhibitory FcyR

- Regulation of dendritic cells maturation and function
- Inhibition of antibody-dependent cellular toxicity

- Inhibition of antibody-dependent cellular toxicity

- Modulation of antibody half life through FcRn

Complement binding

Inhibition of deposition of activated complement components on target tissues

Sialylated Fc

Activation of effector macrophages to increase the expression of inhibitory FcyR 1IB

Other soluble proteins contained in IVIG

Cytokines, chemochines, soluble cytokine receptors and receptor antagonists

Legend  IVIGs: intravenous immunoglobulins.
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the cytokine profiles, modulation of idiotype network
and cell proliferation. While some of these effects may
explain the rapid and passive neutralisation of pathogenic
autoantibodies, clinically the observed beneficial effects
of IVIGs are well beyond the half-life of infused IgG,
suggesting that the effect may not be due merely to
a passive clearance or competition with pathogenic
autoantibodies. Moreover, also at replacement dosages
and beside their mere substitutive role, IVIGs have an
active role and modulates the function of several cell
types of the immune system, including dendritic cells,
B lymphocytes, macrophages and T lymphocytes’.

Replacement treatment: type, dose and timing
of treatment

Immunoglobulin replacement is the standard therapy
for primary antibody deficiencies (PAD) aiming to
replace the missing antibodies and thereby to prevent
recurrent infections. A number of Ig products are
available and deciding which one to use, and in what
dose are the points to consider.

For PAD patients, a thorough evaluation of
immune function before deciding on Ig replacement is
important'’. We have recently developed an algorithm
that might help physicians in the diagnostic process
and in the decision on the immunoglobulin replacement
starting (Figure 1).

After diagnosis, the optimal immunoglobulin
replacement dosages required over time to minimise
infection risks are not yet definitely established with
a consequent wide variation in treatment practices'"'.
Debate continues regarding the exact timing and the
optimal prophylaxis regimen, knowing that the system
of care is itself an important determinant of patient's
outcome. Individualised medicine and personalised
health research presents methodological challenges.
Different options have been explored to establish how
we should individualise immunoglobulin replacement
therapy. As with many interventions, there may be
specific subgroups of patients who are more likely to
benefit from treatment with higher or lower dosages of
immunoglobulins.

Clinical PAD phenotypes are quite variable within
these diseases and patients are susceptible to a wide
range of complications other than infections'>. In PAD
we have identified a clinical phenotype characterised
by a high pneumonia risk'®: patients who had low IgG
and IgA levels at diagnosis; patients who had IgA level
<7 mg/dL and who had bronchiectasis and absence of
protective IgA and IgM anti-polysaccharide after
pneumococcal immunisation, confirming previous
data that demonstrate that the loss of function of
memory B cells seems to represent the major cause
of PAD-associated infectious diseases.

Adult patients with hypogammaglobulinemia
(AFTER exclusion of secondary hypogammaglobulinemias)
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Figure 1 - Algorithm for diagnosis in patients with hypogammaglobulinemias.
Legend Ig: immunoglobulins; PID: Primary Immune Deficiencies; Ab: antibodies; PnPs23: 23-valent
pneumococcal polysaccharides; FU: follow up; SD: standard deviation.
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We also demonstrated that better patient's outcome
could be achieved by shorting the administration
intervals from 3-4 to 2-1 weeks without the need to
greatly increase the monthly cumulative Ig dosage in
those PAD patients: 1) who present an infectious risk
profile, 2) who are affected by bronchiectasis and/or
enteropathy; 3) who continue to had adverse events
despite pre-medication.

On the other hand, in patients with fewer disease-
associated complications the immunoglobulin
replacement could be done with the widely used
interval of 3 or 4 weeks, even administering a low
immunoglobulin replacement dosage. Also the adverse
events can be greatly reduced by administrating low
dosages in a single setting and by shortening the
administration intervals'’. Thus, the suggested protective
high trough IgG level (1,000 mg/dL)'® to be maintained
to avoid infections should not be considered a general
goal and only large prospective multi-centre studies
might help to define the prevalence of patients needing a
higher or lower monthly Ig dosage and the best interval
between administrations. These considerations have
a vast potential to ameliorate the clinical practice of
immunoglobulins replacement treatment.

Replacement treatment: setting of treatment

In the United States, immunologists have reported to
the Immune Deficiency Foundation that their patients
receive their IVIGs infusions in a hospital out-patient
setting or at home by home infusion service'’. About
20% ofthese practitioners have allowed the self-infusion
of IVIG at home. In the United States, the increasing
of subcutaneously immunoglobulins use (SCIGs) has
also proved satisfactory with similar efficacy rates as
for intravenous administration. This use appears to
approach at 33% for immune deficient patients in the
United States at this time.

In Italy, patients are treated only in a hospital setting
as out-patients or in-patients. Home treatment with
IVIGs is not allowed. A lower number, about 20%,
of patients affected by Primary Immune Deficiencies
receive SCIGs self-infused at home.

Anti-inflammatory and immuno-modulating
treatment: mechanisms of action, dose and
timing of treatment

IVIGs therapy is administered at high doses (1-2
grams per kilogram body weight) for the suppression
of autoantibody-triggered inflammation in a variety of
clinical settings??>. However, dosages and timing of
administration are not defined for most of the clinical
conditions. Trials comparing different regimens are
also lacking. Thus, there is a wide variation in treatment
practice. Consequently, there is now urgent need to
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define when treatment should be started, at which
dosages, and to define the maintenance dose and the
intervals between administrations. In the trials aimed to
define the efficacy, IVIG are usually administered as a
2 g/kg loading dose followed by a 1 g/kg maintenance
dose every 3-4 weeks, for variable periods of time.

More information is available on the biological
mechanisms of action?*2°: IVIGs induce significant
modifications in the innate and adaptive compartment
of the immune system, including dendritic cells,
the monocyte/macrophage system, granulocytes,
natural killer cells, regulatory T cell subsets and B
cells. Together, these findings may help to explain
the beneficial effects of IVIGs in autoimmune
and inflammatory disorders due to dysregulated
cellular immunity. Despite the identification of
immunomodulatory and antiinflammatory activities in
various diseases, the benefits of immunoglobulins are
not easily explained and probably cannot be explained
by a single mechanism. This pleiotropic effect might
provide advantages in treating the various inflammatory
and autoimmune conditions, but only knowing that
immune globulin can exert both antiinflammatory and
proinflammatory effects, depending on the interacting
partner?’. Ultimately, the anti-inflammatory and immune
modulating responses may be explained by genetic and
functional variations in FcyR expression. They might
also relate to differential antibody Fc glycosylation
patterns?®. The demonstration that minor variations in
the IgG-attached sugar moiety can switch an antibody
from a proinflammatory to an anti-inflammatory
state was a great surprise, and initiated many studies
directed at understanding the function of the complex
array of glycovariants present in serum IgG. More
recently, attempts to bioengineer a protein with
immunomodulatory activities similar to those of native
IgG have been going ahead. Delineation of the potential
role of sialylated Fc in some of the immunomodulatory
activities may be one important step if results similar
to those shown in animals can be found in humans. If
only a portion of the total intravenous immunoglobulins
is effective, that would explain why the doses currently
required are so high.

Prioritising IVIG indications

Intravenous immune globulin therapy, especially at
doses of 2 g per kilogram per month, is expensive, and
with expanding use there are concerns about present and
future supplies, especially if the donor pool decreases
or is limited by safety issues and increased pathogen
screening of donors of the source plasma. Given the
number of indications for therapeutic immunoglobulin
and the diversity of related clinical fields, careful
consideration of the usefulness of IVIG in each condition



is warranted. There are no specific guidelines in place
for this process and there is a tremendous variability
amongst institutions and practices. Recently, evidence-
based disease indications have been proposed®. The
Department of Health, London, assigned to clinical
condition with level of evidence 1A and 2A a high or
a medium priority. In case of shortage the list of high
priority includes: Primary Immune Deficiencies, specific
antibody deficiencies, thymoma with immunodeficiency,
alloimmune thrombocytopenia, chronic inflammatory
demyelinating polyradiculoneuropathy, Guillain-
Barré syndrome, haemolitic disease of the newborn,
bone marrow transplantation in Primary Immune
Deficiencies, immune thrombocytopenic purpura,
Kawasaki disease, paraprotein-associated demyelinating
neuropathy, toxic epidermal necrolysis, Stevens-
Jonhson syndrome. Similarly, the American Academy
for Allergy and Clinical Immunology updated the list
of priorities, including primary immunodeficiencies
with the exclusion of the selective IgA deficiency, toxic
epidermal necrolysis, ITP, CIDP and Kawasaki disease.
They eliminate from the list the following indications:
autism and recurrent spontaneous abortion.

Adverse reactions: the need to monitor and to
quantify adverse events (AE)

IVIGs is generally considered a safe and efficacious
therapeutic modality. However, it is associated with
adverse effects (Table II). It is very important for
clinicians to have the knowledge of those AE profiles
and strategies for their identification and management.
Very few data are available on the incidence of
serious and mild AE analysed and quantified in
post-marketing surveys. More data are available on
haematological toxicities*: multiple reports of red
blood cell haemolysis after high doses and also when
IVIGs are administered at low doses; thrombosis; stroke;
pulmonary embolism; deep vein thrombosis and arterial
thrombotic events including myocardial infarction.
Leukopenia, neutropenia and monocytopenia are also
associated with IVIGs therapy. Fortunately, those
cytopenias usually appear to be self-limited and have
not been correlated with increased infection incidence.

Knowledge is progressing on the mechanisms
underlying AE. Beside the old description of IgA-
deficient patients who have IgG or IgE anti-IgA
antibodies with consequent reactions caused by
complement activation, more recently, a novel risk due
to a splice variant, FcyRIIa(exon6%), was described. It
is characterised as a low-frequency allele, coding for
a gain-of-function receptor for IgG. In the presence of
immune complexes, FcyRIla(exon6%*) can contribute
to anaphylaxis in patients with Primary Immune

Deficiencies™.

Table II - Adverse reactions to polyvalent immunoglobulin
treatment.

Common toxicities of IVIGs

- Injection site reaction (e.g. pain, erythema, swelling at injection site)
- Hypotension

- Diarrhoea

- Nausea and vomiting

- Arthralgia and myalgia

- Fatigue

- Fever

- Rash

- Headache

- Tachycardia

- Chills/rigors

- Serious toxicities

- Erythema multiforme

- Stevens-Johnson syndrome

- Haemolysis

- Thrombosis

- Hepatic dysfunction

- Anaphylaxis

- Aseptic meningitis

- Acute renal failure

- Acute respiratory distress syndrome
- Transfusion-related acute lung injury

- Myocardial infarction

Legend  IVIGs: intravenous immunoglobulins.

Conclusions

Polyvalent immunoglobulins exert an effect more
than mere substitution of antibodies against pathogenic
microbes; it rectifies the defective cellular compartment
signalling thus re-establishing immune homeostasis.
Only knowing these multiple and sometimes opposite
effects exerted at different dosages it will be possible to
introduce a rationale use of IVIGs.

Keywords: intravenous immunoglobulins, subcutaneous
immunoglobulin, biological activites, adverse reactions,
treatment priorities.
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