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For patients with significant antibody deficiencies, immunoglobulin therapy is the
mainstay of treatment as it significantly reduces both the frequency and severity of
infections. The formulations and delivery methods of immunoglobulin have evolved
over time, and continued improvements have allowed for increased access to this
effective medication. This review is an update on the current status ofimmunoglobulin
therapy in immunodeficiency disorders, and discusses the mechanisms, forms and

dosing, and indications for immunoglobulin replacement.
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Immunoglobulin therapy

Therapeutic immunoglobulin is a blood
product derived from thousands of healthy,
pooled donors [12], and preparations are
made up of almost exclusively IgG (although
commercially available products also contain
trace amounts of IgA and IgM) 3.4]. Rou-
tine administration of immunoglobulin is
required as replacement therapy in immuno-
deficient patients who do not naturally pro-
duce robust, protective antibodies. Replace-
ment doses usually start between 400 and
600 mg/kg every 3—4 weeks intravenously
(or the equivalent given in divided doses
once or twice a week subcutaneously). Since
its inception, the goal of therapy is to pro-
vide levels of functional serum IgG expected
in normal subjects, and sufficient amounts
of passive antibodies capable of neutraliza-
tion and opsonization of broad categories
of infectious pathogens, including bacteria,
viruses and parasites [5]. These levels of Ig are
called replacement doses, but it should also
be appreciated that immunoglobulin therapy
likely has an active role in the development
and function of various immune cells includ-
ing dendritic cells, monocytes/macrophages,
granulocytes, NK cells, and T and B cells.

In contrast to replacement doses, some-
times much higher, immunomodulating
doses of immunoglobulin are indicated for
autoimmune and inflammatory conditions.
Some of the mechanisms contributing to
these immunomodulating processes have
been elucidated, but much of the complex
role immunoglobulin plays in shaping the
immunologic environment is still poorly
understood [1,6]. While these varied func-
tions have provided a basis for the use of this
therapy in a large number of autoimmune
and inflammatory disorders [7-10], this aspect
of immunoglobulin therapy is beyond the
scope of this review.

Immunoglobulin therapy in immune
deficiencies

While there are well over 150 different forms
of primary immunodeficiency diseases,
about 70% of all patients have defects of anti-
body production, and thus immunoglobulin
replacement therapy provides the first line
of treatment for these subjects [11]. Antibody
deficiencies can result from errors in B-cell
differentiation at different stages of devel-
opment,

dysfunctional immunoglobulin

development through B- and T-cell inter-
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actions, loss of cytokine signals, or underlying defects
in immunoglobulin class switching. While these dis-
eases differ in their epidemiology, pathophysiology
and clinical phenotype, they all share an increased
susceptibility to infection due to a deficiency of anti-
body and are treated with immunoglobulin therapy.
The main categories of these diseases are outlined here
and summarized in Table 1.

X-linked agammaglobulinemia

X-linked agammaglobulinemia (XLA) is an antibody
deficiency caused by a mutation in the gene for Bru-
ton’s tyrosine kinase, which leads to a marked (<1%
of normal) reduction in B cells and agammaglobulin-
emia [12]. The estimated birth rate for XLA in the US
is around 1/379,000 births [13], and the age of onset
of symptoms for most patients is between 3 months
and 3 years [14]. Patients are protected by maternally
transmitted IgG antibodies in the first few months
of life, and often remain clinically well for those first
months of life. The clinical manifestations of XLA
include recurrent bacterial infections such as otitis,
sinusitis and pneumonia, with physical exam find-
ings of absent or barely detectable tonsillar and lymph
node tissue [15]. Infections are typically from encap-
sulated bacteria, mainly Streptococcus pneumoniae and
Haemophilus influenzea (16]. In addition, patients with
XLA are subject to infections at other sites (urinary,
joint and brain) by pathogens such as Ureaplasma and
enterovirus [17,18].

Subjects with XLA have severe infectious morbid-
ity without appropriate therapy, but immunoglobulin
replacement has proven successful in preventing
infections and allowing patients to lead healthy and
productive lives [1920]. Formal guidelines recom-
mend the initiation of immunoglobulin at the time
of diagnosis, although there are no additional spe-
cifics regarding timing of this therapy in the earli-
est months [21]. In an unusual report of a prenatally
diagnosed patient, quantitative and specific immuno-
globulin levels were tracked from birth. All levels
were initially normal, but immunoglobulin replace-
ment was started at 2 months of age with the first
evidence of waning, nonprotective specific antibodies
(22]. Regardless of the timing of initiation, all patients
require replacement immunoglobulin as a life-long
treatment.

Larger amounts of immunoglobulin may be con-
sidered in special circumstances of XLA, including
those with persistent bacterial infections, bronchi-
ectasis and nonbacterial infections [23]. In general,
if infections are not controlled on immunoglobulin
monotherapy, routine antibiotic prophylaxis may be
required [21]. However, it should be appreciated that

some expert clinicians prescribe daily, therapeutic
doses of antibiotics along with immunoglobulin for
all XLA patients as their standard of care [16]. Of the
nonbacterial infections, enterovirus is of particular
concern and can cause a chronic course marked by
encephalitis, meningitis, pneumonia, hepatitis or
dermatomyositis [13]. Case reports have shown that
treatment with more IVIG may lead to significant
clinical improvement in patients with chronic entero-
viral infection [24]. The antiviral pleconaril has been
used with benefit in some cases, but is not approved
for use in the USA [21].

Common variable immunodeficiency

Common variable immunodeficiency (CVID) is a
heterogeneous group of disorders, but all patients by
definition have hypogammaglobulinemia (low levels
of two out of three major isotypes) with evidence of
nonprotective antibody responses against pathogens.
Patients can also have a variety of T-cell abnormalities
(25]. This immune defect often occurs without an iden-
tified genetic cause, although cohorts of CVID patients
have been found to have mutations in CD81, CD19,
CD20, CD21, inducible costimulator, transmembrane
activator and calcium-modulating and cyclophilin
ligand interactor, and B-cell activating factor among
others [26]. CVID affects approximately 1/20,000 to
1/50,000 individuals, and it is most frequently diag-
nosed between the age of 20 and 40 [27]. The clinical
manifestations of CVID include infections (particu-
larly respiratory, sinus and gastrointestinal), inflam-
matory disease, autoimmune phenomenon, and an
increased incidence of cancer and lymphoma [23].
Infections are typically from encapsulated bacteria,
mainly S. pneumoniae and H. influenzea, but can also
be caused by atypical bacteria such as Mycoplasma and
parasites such as Giardia [23).

The evidence for effectiveness of immunoglobulin
for reducing serious infections, particularly pneumo-
nia, has been well established for CVID [29:30]. As with
XLA, immunoglobulin replacement may be used in
conjunction with prophylactic antibiotics. Immuno-
globulin therapy often starts at the time of diagnosis,
as recurrent infections can lead to bronchiectasis and
worsening of pre-existing disease [31]. As for XLA,
larger doses of immunoglobulin can be considered in
special circumstances of CVID, including in the set-
ting of persistent bacterial infections, bronchiectasis
and pregnancy [3233]. Immunoglobulin does not pri-
marily treat the noninfectious manifestations of CVID
however, and additional immunosuppressive, anti-
inflammatory, cytotoxic and anti-proliferative medi-
cations may be required in the appropriate context of
autoimmune and malignant conditions [21].
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IgG subclass deficiency

IgG has four subclasses: IgG1, IgG2, IgG3 and 1gG4,
with somewhat different structural and biological
properties. A deficiency of one or more of these sub-
classes with a normal total IgG level is termed IgG
subclass deficiency, and for the most part, the causes
and prevalence of this deficiency are not known. One
study estimated that approximately 1-3% of the Cau-
casian population may be heterozygotes for heavy-
chain gene deletions that could lead to a laboratory
finding of a decreased IgG subclass [34]. However,
clinically symptomatic patients are rare and may
not be due to gene mutations. In these cases, IgG2
and IgG3 deficiencies are the most common subclass
defects, in children and adults, respectively 3536]. IgG
subclass deficiency remains a controversial diagnosis,
and most experts agree that the loss of one or more
IgG isotype may not be clinically relevant if there is
sufficient antibody production.

When patients are symptomatic, they usually have
a history of recurrent sinopulmonary infections,
although more serious and invasive infections may
also occur [37]. Antibody to polysaccharide capsu-
lar antigens are somewhat more concentrated in the
IgG2 fraction, thus subjects lacking IgG2 may be at
risk for infections with S. pneumoniae, Haemophilus
influenzae type b and Neisseria meningitides (38]. 1gG3
deficiency is more prevalent in the adult population
and as for IgGl, contains higher concentrations of
antibody to protein antigens (toxoids and viruses), as
well as to Moraxella catarrbalis and the M component
of Streptococcus pyogenes [39).

Examination of serum of patients and demonstrat-
ing low levels of one or more IgG subclasses cannot be
used to determine biological relevance, as compensat-
ing antibody to various microbes can be contained in
any of the isotypes. For this reason, immunoglobulin
replacement is indicated only if significant antibody
dysfunction (i.e., nonprotective antibody response
after vaccine or disease exposure) can be established.
However, there are suggestions of consensus but no
firm guidelines on the laboratory assessment and the
definition of a ‘normal antibody response’ in this dis-
ease [40]. A clear exception is the case of IgA deficiency
with IgG2 subclass deficiency, as the loss of anti-
carbohydrate antibody in such cases can lead to dev-
astating bacterial illnesses and chronic lung disease
[41.42]. Aside from these cases, there are few reports
on the efficacy of IVIG in IgG subclass deficiency,
although an open-label study evaluating efficacy of
monthly replacement (albeit in a very small group
of patients) showed deceased number of infections,
decreased antibiotics, decreased hospitalizations and
improved quality of life [43].

Specific antibody deficiency

Specific antibody deficiency is an antibody defi-
ciency of unknown origin, but is characterized by
normal concentrations of IgG, IgA, IgM and IgG
subclasses with abnormal IgG antibody responses to
protein and/or unconjugated polysaccharide vaccines
(i.e., PPV23) [44,45]. Patients may have normal responses
to protein antigens, such as tetanus and diphtheria
toxoids, and conjugate vaccines, such as Haemophi-
lus influnzae type B, PCV7 and PCV 13. Diagnosis
is established by evaluating vaccine titers after 2 years
of age, particularly examining the production of anti-
bodies specific for panels of proteins and pneumococcal
capsular antigens. The interpretation of anti-pneumo-
coccal antibodies is based on pre- and postimmuniza-
tion concentrations, and adequate responses are defined
as postimmunization antibody concentrations equal to
or greater than 1.3 pg/ml or at least fourfold over base-
line (as long as the preimmunization titer is less than
4 pg/ml) 21.46). The disease prevalence for impaired
anti-carbohydrate responses is reportedly 7-19%
among children with recurrent sinopulmonary infec-
tions, including sinusitis, otitis media, bronchitis and
pneumonia [47]. Infections in these cases are caused by
bacteria such as S. pneumoniae, Haemophilus influenzae,
M. catarrhalis and Staphylococcus aureus (48).

Patients with specific antibody deficiency may ben-
efit from immunization with conjugate vaccines [21],
although some may not respond to these additional
vaccination efforts. In these cases, immunoglobulin
replacement should be provided in the setting of
severe polysaccharide nonresponsiveness with recur-
rent infections requiring antibiotic therapy. However,
clinicians should be thoughtful about the duration of
immunoglobulin treatment in very young children, as
the ability to mount responses to unconjugated poly-
saccharide vaccines improves with age [49]. After sev-
eral years, patients may be tried off immunoglobulin
and re-challenged with pneumococcal or other vac-
cines after a period ranging from 2 to 6 months [21].
However, the decision to take a patient off of replace-
ment therapy is best determined by individual phy-
sicians on a case-by-case basis, particularly as adults
may not have significant improvement with time.

Selective IgA deficiency

Selective IgA deficiency is defined as decreased
(<0.07 g/l) serum IgA levels in the presence of normal
levels of serum IgG and IgM [s0]. Although there is no
well-defined genetic susceptibility in IgA deficiency,
familial clustering has been found in some cases, with
a common finding of maturation defects in B cells
that produce IgA [s1]. Selective IgA deficiency is con-
sidered the most common primary immunodeficiency,
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although the incidence varies depending on ethnic
background. It is most common among Caucasian
populations, and frequency in the US ranges from
1:500 to 1:3000 among healthy blood donors [s0]. The
vast majority of patients with IgA deficiency are clini-
cally asymptomatic, but a significant number develop
recurrent infections, allergic disorders, enteropathy,
autoimmune phenomenon or possibly, lymphoid malig-
nancies. The sinopulmonary and gastrointestinal tracts
are particularly vulnerable as their protective barrier
is compromised in the absence of secretory IgA, and
infections at these sites are often from S. pneumoniae,
Haemophilus influenza and Giardia lamblia (s1).

Asymptomatic patients with selective IgA deficiency
do not need immunoglobulin treatment as most are
quite healthy and are often identified through inci-
dental observation. Recurrent infections should be
treated as needed with prophylactic antibiotics, and
immunoglobulin replacement may be considered only
in rare cases when concomitant findings (such as a
specific antibody defect) are present [21]. It should be
reinforced that despite isolated cases, in general selec-
tive IgA deficiency is not an indication for immuno-
globulin, and administration may lead to anaphylaxis
or similarly severe reactions for IgA-deficient patients
who have IgG or IgE anti-IgA antibodies [52], although
this appears to be a very uncommon event [53].

Hyper IgM syndromes

Hyper IgM syndromes (HIGM) are a group of antibody
deficiencies characterized by defective CD40/CD40L
interactions, leading to impaired immunoglobulin iso-
type switching. Patients have normal or elevated IgM
levels with low or absent IgA, IgG and IgE levels in the
serum, and they can also have defective T-cell function
(54]. HIGM is genetically characterized by X-linked and
autosomal recessive patterns of inheritance; X-linked
forms of the disease are caused by mutations in CD40
ligand or (rarely) NF-«B essential modulator, and auto-
somal recessive forms are caused by mutations in CD40
or downstream signaling molecules including AID
and UNG [5s5]. HIGM is very rare, with one national
registry in the US estimating a minimal incidence of
approximately 1/1,030,000 live births s6]. The clini-
cal manifestations of HIGM depend on the molecular
defect, with phenotypes ranging from that of a primary
antibody deficiency to a combined immunodeficiency
with susceptibility to opportunistic infections. Patients
may develop cytopenias, especially neutropenia.
X-linked HIGM often presents within the first 2 years
of life with lower respiratory tract infections, frequently
caused by Pneumocystis jiroveci. These patients also
develop chronic diarrhea and liver disease, from patho-
gens such as Cryptosporidium (57). Autosomal recessive

HIGM also presents with sinopulmonary infections,
but these patients do not typically develop opportu-
nistic infections. Unlike the X-linked form, patients
with autosomal recessive disease develop lymph node
hyperplasia (caused by the presence of giant germinal
centers) as well as more predominant autoimmune and
inflammatory disorders [s8].

Immunoglobulin therapy is indicated for all forms
of HIGM to decrease frequency and severity of infec-
tions, and studies have shown that patients treated with
immunoglobulin have reduced incidence of pneumonia
and protection against meningitis [56-58]. Additional
treatments include prophylactic antibiotics (which
cover Pneumocystis) and GCSF for neutropenia. Bone
marrow transplant has been successful in reconstitu-
tion of X-linked CD40L deficiency, although there has
been significant mortality with this intervention when
Cryptosporidium infection is reactivated [59].

Wiskott-Aldrich syndrome
Wiskott-Aldrich syndrome is a disease commonly
described as a triad of recurrent infections, micro-
thrombocytopenia and eczema, although the charac-
teristics of immunodeficiency and expression of clinical
features vary from patient to patient [60]. Patients also
are predisposed to autoimmune disorders and malig-
nancies, particularly EBV-related lymphomas [21]. It is
an X-linked disease caused by mutations in the WASP
gene, which in turn affects production of the WAS
protein found exclusively in hematopoietic cells. WAS
protein is involved in the transduction of signals from
receptors on the cell surface to the actin cytoskeleton,
and mutations can lead to both absent and decreased
protein expression with variable clinical phenotypes
[61]. Absent protein expression results in a more severe
Wiskott-Aldrich syndrome with defects in the function
of multiple hematopoietic cell lineages, while decreased
protein expression can result in a milder disease of
X-linked thrombocytopenia, characterized mainly
by isolated thrombocytopenia [62]. The immunologic
profile of patients with Wiskott-Aldrich syndrome
includes decreased lymphocyte counts, defects in T-,
B- and NK-cell function, variable levels of serum IgM,
normal to high levels of IgA and high levels of IgG and
IgE. Patients can produce a normal antibody response
to protein antigens, but often cannot mount a normal
antibody response to polysaccharide antigens [61]. This
combined immunodeficiency puts patients at risk for
bacterial, viral and fungal infections. The incidence
of Wiskott-Aldrich syndrome is estimated at less than
1/100,000 live births, making it a rare disease [63].
Bone marrow transplant is the only curative treat-
ment for Wiskott-Aldrich syndrome, although sup-
portive treatment includes immunoglobulin therapy,
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antibiotics and antivirals, splenectomy, measures to
control bleeding, judicious use of platelet transfusions
when there is active bleeding, and disease-specific
agents for autoimmune and malignant conditions [64].
About half of the centers treating patients reported
using immunoglobulin replacement routinely to
reduce the incidence of infections. In addition, there
are no well-controlled studies documenting that
immunoglobulin therapy is beneficial in this man-
ner for patients with Wiskott-Aldrich syndrome 6s).
There is some published data however, that immu-
noglobulin therapy can result in increased platelet
numbers in patients with thrombocytopenia as a cen-
tral feature [66]. As such, high-dose immunoglobulin
therapy has been used for thrombocytopenia in Wis-
kott-Aldrich syndrome, but the response is variable
(21]. In general, the use of immunoglobulin would be
preferred for thrombocytopenia in Wiskott-Aldrich
syndrome as splenectomy has an associated lifelong
risk of infections.

Severe combined immunodeficiency

Severe combined immunodeficiency (SCID) is a
heterogeneous group of genetic disorders characterized
by significant T-cell deficiency, with variable produc-
tion and function of B and NK cells [¢7]. It affects both
cellular and humoral immunity, as antibody response
is defective due to either direct deficiencies in B cells
or indirect deficiency in B-cell activation from a lack
of functional CD4 helper T cells. There are a num-
ber of genetic mutations leading to SCID, including
mutations in /L2RG, JAK3, IL7RA, RAGI and RAG2,
DCLREIC and ADA among others [68-70]. The inci-
dence of SCID is estimated to be around 1/50,000 live
births, with a higher prevalence in males, as the most
commonly identified mutation (IL2RG) is inherited in
an X-linked fashion [71].

Infants born with SCID often appear normal at
birth, but the risk of developing clinical manifesta-
tions with life-threatening infections, chronic diar-
rhea and failure to thrive increases as passively trans-
ferred maternal antibodies begin to wane after the
first few months of life [72]. Infants can also develop
symptoms of graft-versus-host disease from trans-
placental passage and engraftment of alloreactive
maternal T cells. Infections are severe and originate
from virtually any pathogen, including bacteria,
viruses, fungi, protozoa, mycobacteria and opportu-
nistic organisms. In a recent report of 50 infants with
SCID from the Primary Immune Deficiency Treat-
ment Consortium, the most common opportunistic
infections at the time of diagnosis were viral (25%)
including respiratory syncytial virus, rotavirus and
enterovirus, also P. jiroveci (25%); bacterial infec-

tions (16%) including Pseudomonas, Streptococcus
and Staphylococcus, and nontuberculous Mycobacteria
(2%); and also Candida (16%) [67]. It should be noted
however, that some patients with hypomorphic muta-
tions of SCID-associated genes may have a later onset
and milder immunodeficiency, which may however,
include autoimmune complications [73].

SCID is considered a pediatric emergency, and it is
uniformly fatal without hematopoietic stem cell trans-
plantation. Early diagnosis and transplantation within
the first three and half months of life has been found
to have superior outcomes, which has been aided by
the inclusion of T-cell receptor excision DNA circle
(TREC) assays in various state-mandated newborn
screens [74,75]. While awaiting transplant, patients with
SCID are given prophylactic antibiotics and immuno-
globulin replacement [21]. Immunoglobulin replace-
ment should be started as early as possible, so as to
prevent infections in the pretransplantation period,
and it should be continued consistently until suffi-
cient immune reconstitution has occurred. Immune
reconstitution should be evaluated based on vaccine
responses in the post-transplantation period, as a sig-
nificant number of transplanted SCID patients con-
tinue to require immunoglobulin replacement second-
ary to failure of B-cell engraftment. In a publication
reviewing a large cohort of SCID patients treated at
one medical center from 1981 to 2000, only 6/12 sur-
vivors of HLA-identical and 22/77 survivors of hap-
loidentical transplants had evidence of donor B cells,
and 50/89 were on immunoglobulin replacement after
transplantation [76].

Others

The production of immune globulin and functional
antibodies relies on the interplay between many cells of
the immune system. Thus, aside from the traditional
categories of immune defects for which immuno-
globulin is prescribed, a number of other immune
defects lead to B-cell dysfunction. Some of the best
known are the humoral defects that stem from insuf-
ficient T-cell development, such as in DiGeorge syn-
drome. For some years, it has been clear that moderate
to more severe levels of immune globulin deficiency
can be identified in these subjects, and a recent survey
reported that overall, between 2 and 3% of patients
with DiGeorge syndrome were receiving immuno-
globulin replacement therapy [77]. This survey offered
a potential strategy for determining the need for
immunoglobulin replacement in DiGeorge syndrome;
consider therapy for patients with recurrent sinopul-
monary infections, deficits in serum immunoglobulin
levels, and insufficient diphtheria and tetanus titers in
the setting of prior immunization [77].
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An update on the use of immunoglobulin for the treatment of immunodeficiency disorders

Another circumstance in which immunoglobulin
therapy has occasionally been prescribed is infants with
transient hypogammaglobulinemia. Here, delayed
B-cell maturation appears to lead to a temporary
B-cell defect. Antibiotic prophylaxis is often the initial
method of preventative therapy. However, guidelines
recommend that if antibiotic prophylaxis is not tol-
erated or effective, some patients could benefit from
immunoglobulin therapy, particularly during seasons
of pervasive respiratory infections [21]. The numbers
of such patients treated is not clear, but in each case,
careful follow-up with cessation of therapy after a year
or two to retest is important. While some authors had
suggested that immunoglobulin therapy might retard
normal B-cell development in this context, a recent
study showed that this was not the case [73].

A third example of a congenital defect in which
antibody deficiency may be important is the Hyper
IgE syndrome. While mutations in the STA73 gene
lead to multiple outcomes, one includes signaling via
the IL-21 receptor, important for B-cell function [79].
For some years, loss of antibody production had been
noted in some subjects with Hyper IgE syndrome,
although the molecular cause was not immediately
identified. In some cases, immunoglobulin therapy
has been used in these patients to help protect against
bacterial infections.

Forms & dosing of immunoglobulin therapy

In the past, immunoglobulin was commonly adminis-
tered by the intramuscular route, but this did not allow
sufficient doses of immune globulin to raise serum IgG
levels into the normal zone. Manufacturing advances
led to the production of additional formulations. There
currently are two routes of administration for immuno-
globulin replacement in the US: intravenous (IVIG),
first approved for use in 1979 and subcutaneous

(SCIG), first approved for use in 2006 (80). There are
eight commercial products readily available for intra-
venous use and three available for subcutaneous use.
The products are not identical (although often treated
as interchangeable in the hospital environment), and
they vary in their concentration, osmolality, sugar,
sodium, amino acid and IgA content [81] (Table 2).
These biochemical properties should be considered in
the context of unique patient profiles. For example,
patients with cardiac impairment should avoid immu-
noglobulin with higher volumes, patients with renal
dysfunction should avoid immunoglobulin with higher
osmolality, and patients with anti-IgA antibodies can
be treated with the IgA depleted product.

Early studies demonstrated no significant differ-
ences in efficacy between IVIG and SCIG (82] and no
difference in quality of life when either treatment was
done at home. However, SCIG may be preferable in
some cases as it provides a comparatively more con-
sistent IgG level [83]. Many patients also prefer weekly
subcutaneous infusions, reporting independence from
hospital-based infusion settings, flexibility and ease in
dosing and decreased side effects [84.85]. As the SCIG
formulations can be given in any location and generally
do not require refrigeration, they simplify the needs of
the traveler, or a student who does not live at home. On
the other hand, for most adults, weekly administration
is required due to volume considerations, in contrast
to infusions every 3 or 4 weeks as needed for the intra-
venous route. Contrasts in aspects of these therapies
are provided in (Table 3).

Strict evidence-based data on starting doses, infu-
sion intervals and titration schedules for immuno-
globulin replacement do not exist. Most consensus
guidelines recommend starting in doses between 400
and 600 mg/kg every 3—4 weeks intravenously (or
the equivalent given in divided doses once or twice a

Table 3. Contrasting intravenous and subcutaneous immunoglobulin therapy.

Intravenous

Route and timing Every 3-4 weeks

Faster increase of trough level
at initiation

Need for venous access

Compliance Closer monitoring

Tolerance of drug Systemic reactions are possible,
especially on first infusions
Usually no local reactions

(i.e., redness and swelling)

Time needed 2-4 h

Others

High dose therapy possible

Subcutaneous

Weekly or biweekly

Given by self administration

Portable for use during travel
Advantageous when venous access is poor

Looser monitoring

No systemic reactions

Local reactions include redness and itching, but
these diminish

Possibly better in patients with renal or cardiac
insufficiency

60-90 min with conventional infusions
5-20 min with push method

More stable 1gG levels
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week subcutaneously) to achieve trough IgG serum
levels around 6-8 g/l [21.86,87]. However, starting doses
may be higher depending on the clinical scenario. For
example, immunodeficient patients with bronchiecta-
sis may require higher replacement doses than those
without lung disease [s8]. Similarly, goal troughs may
vary depending on baseline IgG levels, as patients with
higher starting IgG levels and yet documented anti-
body deficiency should likely have higher trough lev-
els as much of the IgG level is not functional. Most
clinicians accept that higher IgG troughs are likely to
diminish rates of infections, but there are mixed results
in research looking at frequency and severity of infec-
tions as related to immunoglobulin dosing and trough
levels [89-91]. Moreover, as clinical improvement is the
gold standard, immunoglobulin therapy should be
titrated up (either by increasing the dose or shorten-
ing the timing between infusions) based on the unique
infectious patterns of an individual (s8]. As a general
rule however, levels 20% or more above the upper limit
of normal should not be required.

Conclusion & future perspective

Immunoglobulin therapy is an important agent in the
therapeutics armamentarium for primary immuno-
deficiency disorders affecting antibody production. It

is accepted as a critical treatment for patients at risk of
recurrent infection due to deficiency of antibody. While
global antibody deficiency mandates immunoglobulin
replacement, standardized and practical guidelines for
immunoglobulin replacement in patients with more
modest humoral immunodeficiency have not been
defined. As practice currently stands, the antibody
deficiencies listed above are the most common diagno-
ses to be treated with immunoglobulin, but physicians
have a broad spectrum of discretion with regard to the
therapy provided to individual patients.

In terms of a future direction for immunoglobulin
therapy, first and foremost the hope remains that there
will be improved education regarding appropriate
patient workup before initiation of therapy. Baseline
immunoglobulin levels, as well as specific antibodies to
prior vaccinations should always be documented before
beginning treatment with immunoglobulin replace-
ment. If this is not accomplished, the practitioner can-
not fully understand or appreciate the functional status
of a patient’s natural antibodies.

Outside of improved practices around pretreatment
investigation, the future of immunoglobulin therapy
hopefully also holds more convenient and specialized
products. Commercially available formulations are
moving toward more concentrated solutions, more

Executive summary

Mechanism of immunoglobulin therapy

also contain trace amounts of IgA.

of anti-inflammatory immune modulation.
Indications for use of immunoglobulin therapy

and SCID among others.
Forms & dosing of immunoglobulin therapy

content.

Conclusion & future perspective
production.

initiating therapy.

in development.

e Immunoglobulin is a blood product sourced from thousands of healthy, pooled donors.
¢ Preparations of immunoglobulin are made up of almost exclusively IgG, although commercial preparations

e Patients with antibody deficiencies receive replacement immunoglobulin, which works by passive transfer of

antibodies capable of neutralization and opsonization of a broad category of infectious pathogens.
e Patients with inflammatory disorders receive high-dose immunoglobulin, which works by unclear mechanisms

¢ Indications for immunoglobulin therapy in the setting of primary immunodeficiency include XLA, CVID, HIGM

e Immunoglobulin preparations vary in their concentration, osmolality, sugar content, sodium content and IgA

¢ Immunoglobulin replacement can be delivered intravenously or subcutaneously.

e Strict evidence-based data on starting doses, infusion intervals and titration schedules for immunoglobulin
therapy do not exist, but most guidelines recommend starting between 400 and 600 mg/kg every 3-4 weeks
intravenously (or equivalent dose divided weekly subcutaneously) to achieve trough IgG around 6-8 g/I.

e Therapy should be titrated up according to unique infectious patterns of an individual.

e Immunoglobulin replacement is critical in many primary immunodeficiency disorders affecting antibody
e Patients should always have immunoglobulin levels and specific antibodies to prior vaccination checked before

e Subcutaneous immunoglobulin paired with recombinant human hyaluronidase is an example of a new
formulation aiming to improve absorption and availability of the drug, and other improved formulations are
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subcutaneous solutions and more integration with
home care companies. Many of these efforts are aimed
at improving patient quality of life, focusing on prod-
ucts that have less volume and can be infused in the
home setting. In addition, specialized immunoglobu-
lin preparations are already in the works; for example,
recombinant human hyaluronidase (rHuPH20) has
been combined with subcutaneous immunoglobulin to
increase tissue permeability and facilitate absorption of
drug. One open-label, multicenter study investigated
the efficacy and tolerability of rHuPH20-facilitated
SCIG (IGHy) in patients with primary immuno-
deficiency, and it found IGHYy to be effective, safe and
pharmacokinetically equivalent to IVIG with fewer
systemic reactions [92]. Other specialized prepara-
tions are also in the works, including immunoglobulin
enhanced with the neonatal Fc receptor. The neonatal
Fc receptor regulates pH-dependent intracellular traf-
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