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Executive Summary

Introduction: Thirteen immune globulin (1G) agents are currently available for use in the United
States: Bivigam, Carimune NF, Flebogamma DIF, Gamastan S/D, Gammagard, Gammagard S/D
Less IgA, Gammaked, Gammaplex, Gamunex-C, Hizentra, Hyqvia, Octagam and Privigen. The
agents are available in intravenous, subcutaneous and intramuscular routes of administration and
consist of a sterile solution of concentrated antibodies extracted from healthy donors which
provide passive immunity for a number of different disorders.

Both subcutaneous (SCIG) and intravenous immunoglobulin (IVIG) therapy are indicated
in the treatment of primary immunodeficiency syndromes. The agents may also be used in the
treatment of idiopathic thrombocytopenic purpura, chronic inflammatory demyelinating
polyneuropathy, multifocal motor neuropathy, Kawasaki syndrome and in the prevention of
secondary infection in patients with chronic lymphocytic leukemia in addition to a number of
off-label uses. The single intramuscular immunoglobulin agent is indicated as prophylaxis of
Hepatitis A infection, Measles or Varicella. The Food and Drug Administration recommends 1G
therapy be prioritized to treat disease conditions known to respond to IGIV therapy and off-label
use be strictly limited. Clinical guidelines for use of immunoglobulin recommend IG therapy in
all patients with primary immunodeficiency and absent or deficient antibody production.

Clinical Efficacy: A literature search was conducted to identify systematic reviews and meta-
analyses evaluating the immunoglobulin agents. A total of 13 systematic reviews were identified
for evaluation of the 1G agents, including reviews evaluating the agents in primary
immunodeficiencies, idiopathic thrombocytopenia purpura, chronic inflammatory demyelinating
polyradiculoneuropathy, Kawasaki disease, multifocal motor neuropathy, neurological disorders
and in dose ranging and formulation specific (subcutaneous, intravenous) trials. Based on the
available clinical evidence, different 1G agents are equally efficacious in terms of improving
clinical outcomes in patients with immunodeficiencies and neurologic disorders.

Adverse Drug Reactions: Adverse events reported with IG therapy tend to be mild and
uncommon, occurring in less than 10% of patients. Injection site reactions (pain, swelling) are
more common with subcutaneous IG therapy and systemic reactions (headache, flu-like
symptoms) are more common with intravenous IG therapy. Rare but serious adverse events
(anaphylaxis, thrombosis, renal failure) have been reported with I1G therapy and treatment should
be limited in patients with IgA deficiency, patients with elevated serum viscosity, patients with
preexisting kidney disease or volume depletion and in geriatric and pediatric patient populations.

Summary: In general, the 1G products have similar indications with similar rates of efficacy, are
composed predominantly of 1gG (>95%) and comply with the quality standards of regulatory
agencies. However, the manufacturing process, excipients and adverse effect profiles vary
between each of the individual products. Choice of therapeutic IG agent, administration type and
dosing regimen requires assessment and periodic re-evaluation of the risks and benefits for each
individual patient.



Introduction

Immune globulin (1G) is a sterile solution of concentrated antibodies extracted from
healthy donors which provide passive immunity for a number of different disorders.' Currently,
13 immune globulin agents are available for use in the United States: Bivigam, Carimune NF,
Flebogamma DIF, Gamastan S/D, Gammagard, Gammagard S/D Less IgA, Gammaked,
Gammaplex, Gamunex-C, Hizentra, Hyqvia, Octagam and Privigen.** All but one of the agents
(Gamastan S/D) are available in intravenous and subcutaneous formulations and are indicated in
the treatment of primary immunodeficiency (PI). Gamastan S/D is the only intramuscular agent
and is labeled only for use as prophylaxis of Hepatitis A infection, Measles or Varicella. Some of
the intravenous and subcutaneous formulations are also labeled for use in the treatment of
idiopathic thrombocytopenic purpura (ITP), chronic inflammatory demyelinating polyneuropathy
(CIDP), multifocal motor neuropathy (MMN), Kawasaki syndrome and in the prevention of
secondary infection in patients with chronic lymphocytic leukemia (CLL).>** Table 1 provides a
summary of the immunoglobulin agents included in this report and Table 2 provides an overview
of the labeled indications for the immunoglobulin agents.

Intravenous immune globulin (IVIG) has been used as a therapeutic agent since the
1950’s. Due to a shortage and reduced availability of immune globulin in 1997, the Food and
Drug Administration (FDA) published guidelines for appropriate use of IVIG.” In general, the
FDA recommends IVIG use be prioritized to treat disease conditions known to respond to 1GIV
therapy and off-label use is strictly limited. The shortage resulted from reduced manufacturing
capacity while the manufacturers improved their practices to meet new Good Manufacturing
Practices (GMPs). Reduced manufacturing and availability of IVIG has since been resolved and,
currently, shortage of the IG products is not a concern. The FDA recommendations remain in
place to encourage appropriate use of the immunoglobulin agents.



Table 1. Immunoglobulin Agents®*

Available
Agents
(Manufacturer)

Indications

Strength

& Route

Dosing
Recommendations

Infusion
Rate

Indicated for the
treatment of primary
humoral
immunodeficiency (Pl)

Bivigam (Biotest
Pharmaceuticals
Corporation)

Indicated for the
maintenance treatment
of patients with primary
immunodeficiencies
(PID), e.g., common
variable
immunodeficiency, X-
linked
agammaglobulinemia,
severe combined
immunodeficiency.

Carimune NF
(CSL Behring)

Indicated in the acute

and chronic treatment of

Immune
Thrombocytopenic
Purpura (ITP).

Immune Globulin Intravenous
(Human), 10% Liquid; 5g in
50mL solution, 10g in 100mL
solution

Immune Globulin Intravenous
(Human), NF (nanofiltered) 6g
single-use vial, 12g single-use
vial

As there are significant
differences in the half-life of IgG
among patients with primary
humoral immunodeficiency, the
frequency and amount of
immunoglobulin therapy may
vary from patient to patient. The
proper amount can be
determined by monitoring
clinical response.

The recommended dose of
BIVIGAM for replacement
therapy in primary humoral
immunodeficiency (P1) is 300 to
800 mg/kg body weight
administered every 3 to 4 weeks.
Primary Immunodeficiency is 0.4-
0.8 g/kg of body weight
administered once every 3-4
weeks

Idiopathic Thrombocytopenic
Purpura (ITP) 0.4 g/kg of body
weight on 2-5 consecutive days

Initial Infusion Rate

(for first 10 minutes): 0.5
mg/kg/min

(0.005 mL/kg/min)

Maintenance Infusion Rate

(if tolerated): Increase
every 20 minutes (if
tolerated) by 0.8
mg/kg/min up to 6
mg/kg/min.

Initial Infusion Rate: 0.5
mg/kg/min

Maintenance Rate: 1
mg/kg/min; 2 mg/kg/min*
Maximum Infusion Rate: 3
mg/kg/min

*Maximum infusion rate
for patients at risk of renal
dysfunction or
thromboembolic events

Initial U.S. Approval: 2012

Carimune NF may contain
a significant amount of
sodium and also contains
sucrose.



Available
Agents
(Manufacturer)

Indications

Dosing

Recommendations

Infusion
Rate

Flebogamma
DIF (Grifols
Biologicals Inc.)

Gamastan S/D
(Grifols
Therapeutics
Inc.)

Indicated for treatment
of Primary (inherited)
Immunodeficiency (PI).

Indicated to prevent or
modify Hepatitis A
infection, Measles,
Varicella, Rubella.

Immune Globulin Intravenous
(Human), DIF (dual inactivation
plus nanofiltration) 10% Liquid
(100 mg/mL)

Intramuscular Injectable,
preservative free,
solvent/detergent (S/D):
15% to 18% (150-180 mg/mL,
2-10 mL)

The recommended dose in
primary humoral
immunodeficiency is 300-600
mg/kg every 3-4 weeks

Hepatitis A

household and institutional
contacts: 0.01 mL/lb (0.02
mL/kg)

travel: length of stay < 3 months
0.02 mL/kg; > 3 months or longer
0.06 mL/kg (repeat every 4-6
months)

Measles

adult: 0.11 mL/Ib (0.25 mL/kg
child: 0.5 mL/kg (maximum dose,
15 mL)

Varicella
0.6 to 1.2 mL/kg

Rubella
0.55 mL/kg

Initial Infusion Rate: 0.01
mL/kg/minute (1
mg/kg/min)

Maintenance Infusion Rate
(if tolerated): 0.08
mL/kg/minute (8
mg/kg/min)

Intramuscular Injection

Initial U.S. Approval: 2010

Do not administer
subcutaneously or
intravenously due to
potential for serious
reactions (e.g., Renal
dysfunction /Failure
/Hemolysis. Do not inject
into a blood vessel.



Available
Agents
(Manufacturer)

Indications

Dosing

Recommendations

Infusion
Rate

Gammagard
(Baxter
International
Inc.)

Indicated as replacement
therapy for primary
humoral
immunodeficiency (PI) in
adult and pediatric
patients two years of age
or older.

Indicated as a
maintenance therapy to
improve muscle strength
and disability in adult
patients with Multifocal
Motor Neuropathy
[MMN].

Immune Globulin Infusion
(Human), 10% Solution, for
intravenous and subcutaneous
administration

Primary immunodeficiency
Intravenous Administration: 300-
600 mg/kg every 3-4 weeks
based on clinical response
Subcutaneous Administration:
Initial Dose is 1.37 x previous
intravenous dose divided by # of
weeks between intravenous
doses. Maintenance dose is
based on clinical response and
target IgG trough level.

Multifocal Motor Neuropathy
Intravenous Administration: 0.5-
2.4 grams/kg/month based

on clinical response

Primary immunodeficiency  Initial U.S. Approval: 2005
Intravenous
Administration: Initial 0.5
mL/kg/hr (0.8 mg/kg/min)
for 30 minutes;
Maintenance increase
every 30 minutes (if
tolerated) up to 5
mL/kg/hr (8 mg/kg/min)
Subcutaneous
Administration: 40 kg BW
and greater, 30 mL/site at
20 mL/hr/site; Under 40 kg
BW: 20 mL/site at 15
mL/hr/site

Multifocal Motor
Neuropathy

Intravenous
Administration: Initial 0.5
mL/kg/hr (0.8 mg/kg/min);
increase if tolerated to 5.4
mL/kg/hr (9 mg/kg/min)



Available
Agents
(Manufacturer)

Indications

Dosing

Recommendations

Infusion
Rate

Gammagard
S/D Less IgA
(Baxter
International
Inc.)

Indicated in the
treatment of Primary
Immunodeficiency (PI) in
adults and pediatric
patients two years of age
or older.

Indicated in the
prevention of bacterial
infections in
hypogammaglobulinemia
and/or recurrent
bacterial infections
associated with B-cell
Chronic Lymphocytic
Leukemia (CLL)

Indicated in the
prevention and/or
control of bleeding in
adult Chronic Idiopathic
Thrombocytopenic
Purpura (ITP) patients.

Indicated in the
prevention of coronary
artery aneurysms
associated with Kawasaki
syndrome in pediatric
patients.

Immune Globulin Infusion
(Human), 5% Solution, for
intravenous administration

Primary immunodeficiency: 300-
600 mg/kg, every 3-4 weeks

Chronic Lymphocytic Leukemia:
400 mg/kg, every 3-4 weeks

Idiopathic Thrombocytopenic
Purpura: 1g/kg, max 3 doses on
alternate days

Kawasaki Syndrome: Single 1g/kg
or 400 mg/kg for 4 consecutive
days

0.5 mL/kg/hour, may be
gradually increased to a
maximum rate of 4
mL/kg/hour

Solvent Detergent Treated

IgA less than or equal to
2.2 pg/mLin a 5% Solution

Initial U.S. Approval: 1994



Available
Agents
(Manufacturer)

Indications

Dosing

Recommendations

Infusion
Rate

Gammaked
(Grifols
Therapeutics
Inc.)

Gammaplex
(Bio Products
Laboratory
Limited)

Indicated in the
treatment of primary
humoral
immunodeficiency (PI)
disorder.

Indicated in the
treatment of idiopathic
thrombocytopenic
purpura (ITP).

Indicated in the
treatment of chronic
inflammatory
demyelinating
polyneuropathy (CIDP).
Indicated in the
treatment of primary
humoral
immunodeficiency (Pl) in
adult and pediatric
patients two years of age
or older.

Indicated in the
treatment of chronic
immune
thrombocytopenic
purpura (ITP).

Immune Globulin Infusion
(Human), 10% Solution, for
intravenous and subcutaneous
administration

Immune Globulin Infusion
(Human), 5% Solution, for
intravenous administration

PI:

Intravenous: 300-600 mg/kg
Subcutaneous: 1.37 x current IV
dose in mg/kg/IV dose interval in
weeks

ITP: Intravenous only: 2g/kg
CIDP: Intravenous only: loading
dose 2g/kg, maintenance dose
1g/kg

Pl: 300-800 mg/kg (6-16 mL/kg)
every 3-4 weeks

ITP: 1 g/kg (20 mL/kg) for 2
consecutive days

Pl: IV: 1mg/kg/min,
maintenance 8mg/kg/min
every 3-4 weeks; SC:
20mL/hr/site

ITP: initial 1mg/keg/min,
maintenance 8mg/kg/min
CIDP: Initial 2mg/kg/min,
maintenance 8mg/kg/min
every 3 weeks

Pl: Initial 0.5 mg/kg/min
(0.01 mL/kg/min) for 15
min; Maintenance Increase
gradually every 15 minutes
to 4 mg/kg/min (0.08
mL/kg/min)

ITP: Initial 0.5 mg/kg/min
(0.01 mL/kg/min) for 15
min; Maintenance Increase
gradually every 15 minutes
to 4 mg/kg/min (0.08
mL/kg/min)

Initial US approval: 2003

Initial U.S. Approval: 2009



Available
Agents

(Manufacturer)

Indications

Dosing

Recommendations

Infusion
Rate

Gamunex-C
(Grifols
Therapeutics
Inc.)

Hizentra
(CSL Behring)

Hyqvia
(Baxter
Healthcare
Corporation)

Indicated in the
treatment of primary
humoral
immunodeficiency (PI)
disorder.

Indicated in the
treatment of idiopathic
thrombocytopenic
purpura (ITP).

Indicated in the
treatment of chronic
inflammatory
demyelinating
polyneuropathy (CIDP).
Indicated in the
treatment of primary
humoral
immunodeficiency (Pl) in
adult and pediatric
patients two years of age
or older.

Indicated in the
treatment of primary
humoral
immunodeficiency (PI) in
adult patients.

Immune Globulin Infusion
(Human), 10% Solution, for

intravenous and subcutaneous

administration

Immune Globulin
Subcutaneous (Human), 20%
Liquid

Immune Globulin Infusion 10%

(Human) Solution for
subcutaneous administration

PI:

Intravenous: 300-600 mg/kg
Subcutaneous: 1.37 x current IV
dose in mg/kg/IV dose interval in
weeks

ITP: Intravenous only: 2g/kg
CIDP: Intravenous only: loading
dose 2g/kg, maintenance dose
1g/kg

Weekly: Previous IGIV dose (in
grams) x 1.37

Biweekly: Administer twice the
calculated weekly dose.
Frequent dosing (2 to 7 times per
week): Divide the calculated
weekly dose by the desired
number of times per week.

30 g per 4 weeks

Pl: IV: 1mg/kg/min,
maintenance 8mg/kg/min
every 3-4 weeks; SC:
20mL/hr/site

ITP: initial 1mg/keg/min,
maintenance 8mg/kg/min
CIDP: Initial 2mg/kg/min,
maintenance 8mg/kg/min
every 3 weeks

15-25 ml/site at rate of 15-
25 mL/hr/site

1-2 mL per minute

Initial U.S. Approval: 2003

Caprylate/Chromatography
purified

Initial U.S. Approval: 2010

Initial U.S. Approval: 2014

With Recombinant
Human Hyaluronidase



Available
Agents
(Manufacturer)

Indications

Dosing

Recommendations

Infusion
Rate

Octagam
(Octapharma
USA Inc.)

Privigen
(CSL Behring)

5%: Indicated in the
treatment of primary
humoral

immunodeficiency (PI).

10%: Indicated in the
treatment of chronic
immune
thrombocytopenic
purpura (ITP) in adult
patients.

Indicated in the
treatment of primary
humoral

immunodeficiency (PI).

Indicated in the
treatment of chronic
immune
thrombocytopenic
purpura (ITP).

Immune Globulin Intravenous
Human 5-10% Liquid

Immune Globulin Intravenous
(Human), 10% Liquid

Pl: 300-600 mg/kg every 3-4
weeks

ITP: 1 g/kg daily for 2 consecutive
days

Pl: 200-800 mg/kg (2-8 mL/kg)
every 3-4 weeks

ITP: 1 g/kg (10 mL/kg) for 2
consecutive days

PIl: 0.5 mg/kg/min 3.33
mg/kg/min

Initial U.S. Approval: 2014

ITP: Initial 1.0 mg/kg/min
(0.01 mL/kg/min),
Maintenance Up to 12.0
mg/kg/min (Up to 0.12
mL/kg/min)

Pl: Initial 0.5 mg/kg/min
(0.005 mL/kg/min),
Maintenance Increase to 8
mg/kg/min (0.08
mL/kg/min)

Initial U.S. Approval: 2007

ITP: Initial 0.5 mg/kg/min
(0.005 mL/kg/min),
Maintenance Increase to 4
mg/kg/min (0.04
mL/kg/min)



Table 2. Immunoglobulin FDA-Labeled Indications®*




Disease Overview

Primary Immunodeficiency Diseases

Immunodeficiency is defined as abnormalities in the immune system which lead to
reduced immunocompetence. Immunodeficiency is labeled as either primary immunodeficiency
or secondary immunodeficiency. If the immunodeficiency is linked to a genetic defect, it is
considered a primary immunodeficiency disorder.® Secondary immunodeficiency disorders are
immunity defects resulting from external factors including viruses, pharmacological agents or
cancer. The primary immunodeficiency (PI) disorders are a diverse group of immune system
defects which result in the loss of quantity or quality of B cells, T cells, phagocytic cells and/or
cytokines. More than 250 genetically based PI diseases have been identified including, but not
limited to: chronic granulomatous disease (CGD), congenital agammaglobulinemia,
hypogammaglobulinemia, common variable immunodeficiency, Wiskott-Aldrich syndrome,
severe combined immunodeficiency, etc. Table 3 summarizes the disorders associated with
primary immunodeficiency. The number of Pl disorders continues to grow and the prevalence of
Pl in the US is estimated at 1 in 1,200 individuals, though this is likely an underestimate.’

Table 3. Primary Immunodeficiency Disorders®

System Cells/Receptors Disorder

Impaired production: severe
congenital neutropenia (SCN),

asplenia
Phagocytic cells Impaired adhesion: leukocyte
adhesion deficiency (LAD)
Deficiencies of the Innate Immune Impaired function: chronic
System granulomatous disease (CGD)

Defects in Toll-like receptor

signaling

Innate immunity receptors and
signal transduction Mendelian susceptibility to

mycobacterial disease

Impaired development: severe
combined immune deficiencies
(SCIDs), DiGeorge syndrome

Impaired survival, migration,
function: combined
Deficiencies of the Adaptive T lymphocytes immunodeficiencies, hyper-IgE
Immune System syndrome (autosomal dominant),
DOCKS deficiency, CD40 ligand
deficiency, Wiskott-Aldrich
syndrome, ataxia-telangiectasia and
other DNA repair deficiencies

B lymphocytes XL and AR agammaglobulinemia,




System Cells/Receptors Disorder

Hyper-lgM syndrome, common
variable immunodeficiency (CVID),
IgA deficiency

Autoinflammatory syndromes,

Innate immunity severe colitis

Hemophagocytic
lymphohistiocytosis (HLH),
autoimmune lymphoproliferation
syndrome (ALPS), autoimmunity and
inflammatory diseases (IPEX,
APECED)

Regulatory Defects
Adaptive immunity

Adapted from: http://accessmedicine.mhmedical.com/ViewLarge.aspx?figid=98729183, accessed 9/29/2015

The loss of function of these foundational immune mediators results in an increased risk
of infection.” Some primary immunodeficiencies are associated with multiple cell defects,
resulting in more severe disease. Severe combined immunodeficiency (SCID), for example,
results from multiple genetic defects (including abnormal thymic tissue and no lymphocytes
present in the lymph nodes, spleen or other peripheral lymphoid tissues) which cause
abnormalities in both B and T cell function. Patients with SCID are susceptible to almost any
bacterial or viral infection and, without bone marrow transplantation for immune reconstitution,
SCID frequently results in death within the first year of life. Chronic granulomatous disease
(CGD), on the other hand, results from a deficiency in phagocyte function. Patients with CGD
have normal levels and function of immunoglobulins, T cells and B cells. These patients also
have normal levels of phagocytic cells but with reduced function due to a metabolic defect in the
cell’s ability to generate peroxide and superoxide resulting in the diminished ability to kill some
bacteria or fungi (Staphylococcus, E coli, and Aspergillus spp.) Interferon therapy appears to
restore phagocyte function in these patients. Without treatment, CGD results in death usually
before the age of 10."®

Treatment of primary immunodeficiency varies by diagnosis.® In general, most patients
with a PI disorder and antibody deficiencies are treated with IVIG. Adult-onset
hypogammaglobulinemia is one of the most common PI disorders in adults and is associated
with recurrent sinus and pulmonary infections and some noninfectious disorders, including
gastrointestinal malabsorption, autoimmune disease and cancer. Regular immunoglobulin
infusions are used to rebuild humoral immunity in these patients which results in decreased
infections and improved quality of life.® I\VIG therapy is also used frequently in patients with X-
linked agammaglobulinemia, hyper IgM and SCID. IVIG therapy is used less frequently in
DiGeorge syndrome, IgA deficiency and CGD.? According to the American Academy of
Allergy, Asthma and Immunology Guiding Principles for Effective Use of IVIG (2015), all
patients with a Pl disorder with absent or deficient antibody production are candidates for IVIG
therapy. In patients with PI, IVIG is administered at a starting dose of 400-600 mg/kg every 3-4
weeks.® Lower doses and/or frequencies have not demonstrated efficacy in patients with Pl
disorders.



http://accessmedicine.mhmedical.com/ViewLarge.aspx?figid=98729183

Idiopathic Thrombocytopenia Purpura

Thrombocytopenia resulting from pathogenic anti-platelet antibodies is referred to as
autoimmune thrombocytopenia.'®** Autoimmune thrombocytopenia can be divided into four
categories, including idiopathic thrombocytopenia purpura (ITP), secondary immune
thrombocytopenia, viral infection-related thrombocytopenia and drug-induced
thrombocytopenia.*® Secondary autoimmune thrombocytopenia can result from systemic lupus
erythematosus (SLE). '°*#*2 Viral related thrombocytopenia can result from infection with HIV
or hepatitis C.**** The exact mechanism underlying the immune dysfunction and platelet
destruction in idiopathic thrombocytopenia purpura is unknown.***®

Idiopathic thrombocytopenia purpura is an important and relatively common disorder. A
broad range of incidence rates are reported in epidemiology studies largely due to use of varying
platelet counts used to define the disease.**'” According to the 2011 American Society of
Hematology guidelines on ITP, patients with platelet counts >50,000/uL generally do not require
treatment, although no explicit cutoff level for diagnosis is defined.'® In a recent study, incidence
rates were reported as approximately five per 100,000 children and two per 100,000 adults with a
platelet count ranging from <50,000/uL to <100,000/uL."” There was a slightly higher incidence
among middle-aged women and the overall incidence of ITP doubled with age.*”** Life-
threatening complications occur most frequently in patients over 60 years; however, overall
mortality rates are low.™* A low platelet count (<150,000/uL) with an otherwise normal
peripheral blood smear and mucocutaneous bleeding are the key characteristics of I TP,
Patients may present with ecchymoses and petechiae or thrombocytopenia found on a routine
complete blood count (CBC).*****® Oral, gastrointestinal, or heavy menstrual bleeding may also
present as signs and symptoms.** Rarely, life-threatening bleeding, wet purpura (blood blisters in
the mouth), and retinal hemorrhages may be present.**** Idiopathic thrombocytopenia purpura
usually presents as a self-limited disorder resulting from an acute infection in children and it
usually presents as a chronic disorder in adults.***® Newborns of mothers with ITP can develop
thrombocytopenia and close monitoring for 3-4 days after birth is recommended.? Diagnosis of
ITP does not always necessitate treatment. Treatment is considered appropriate for patients with
symptoms and for patients who are at high risk for bleeding.***° Increased mortality risk is
associated with patients who have platelet counts less than 30,000/pL.***

Medications that reduce antibody production and/or macrophage uptake of the antibody-
bound platelets are used to treat ITP.**** Initial treatment consists of corticosteroids, typically
prednisone 1 to 2 mg/kg daily in single or divided doses, initiated on an outpatient basis.
Intravenous gamma globulin (IVIG) 2 gram/kg, given in divided doses over 2 to 5 days, is
generally reserved for patients with critical bleeding or for patients who were unresponsive to
corticosteroids. RhO(D) immune globulin therapy (WinRho SDF), used only in Rh+ patients, at
a dose of 50-75 mcg/kg, is also an option. Hospital admission, combination therapy, and platelet
transfusions are recommended for patients with severe ITP and internal or profound bleeding.
Splenectomy is indicated as second-line treatment for patients who relapse following
glucocorticoid treatment. Rituximab, an anti-CD20 (B cell) antibody, may be effective for the
treatment of refractory ITP and defer splenectomy.*****® Nearly 20% of patients are refractory to
first-line treatments and an additional third will relapse after an initial response.?! Patients who



have not had an adequate response to corticosteroids, immunoglobulins, or a splenectomy, may
respond to a TPO receptor agonist. %%

Kawasaki syndrome

Kawasaki syndrome, or mucocutaneous lymph node syndrome, is a vasculitis disorder
first identified in 1967 in Japan.?® The syndrome is defined as a chronic fever for 5+ days
accompanied by at least four of the additional features: conjunctivitis, oral cavity inflammation,
cervical lymphadenopathy, polymorphous exanthema, and/or redness and swelling of the
extremities. Other clinical features associated with the disease include gastrointestinal upset,
hematologic complications, respiratory disease, joint pain, proteinuria and, most concerning,
cardiovascular disease. The underlying cause of Kawasaki syndrome is unknown, although it is
thought to result from a viral infection. In the US, Kawasaki syndrome is relatively uncommon
with an estimated 4,200 children diagnosed each year; despite this, Kawasaki syndrome is listed
as a leading cause of pediatric acquired heart disease in the US. Most cases are diagnosed in
patients before the age of 5 years (median age ~2 years) and the syndrome occurs more
frequently in males (male-to-female ratio 1.5:1).%%%’

During acute illness, Kawasaki syndrome is associated with coronary arteritis,
myocarditis, pericarditis and valvular heart disease.?® Severity of cardiovascular disease can
range from mild, transient coronary artery dilation to large aneurysms. Patients at highest risk for
aneurysm include young infants (< 6 months), males and those who have not received treatment.
Within five years, coronary aneurysms tend to resolve but complications associated with the
obstruction may persist and are associated with chronic coronary ischemia. Acute thrombosis
and fatal myocardial infarction may occur in up to 20% of patients who experience an aneurysm.
Immediate treatment of Kawasaki disease is recommended as soon as a diagnosis is made.
According to the American Heart Association guidelines for management of Kawasaki disease
(2004), IVIG and high-dose aspirin reduce the risk of coronary artery dilation and aneurysm
formation and are the treatments of choice for acute illness.?® IVIG 2 g/kg is administered over
10-12 hours and high-dose aspirin 80-100 mg/kg/d is given in four divided doses daily for up to
5 days after the last recorded fever. Low-dose aspirin (3—5 mg/kg/d) should be continued for up
to 6-8 weeks or until the cardiovascular abnormalities resolve. A second dose of IVIG is
recommended if fever recurs within 48—72 hours. Steroid therapy, plasma exchange and
treatment with monoclonal antibodies are second-line treatment options in patients who did not
respond to initial therapy.?’

Chronic Inflammatory Demyelinating Polyneuropathy (CIDP)

Chronic inflammatory demyelinating polyneuropathy (CIDP), or chronic relapsing
polyneuropathy, is a neurological disorder resulting from peripheral nerve fiber myelin sheath
damage.?**° There is evidence of autoimmune dysfunction in CIDP, although the exact cause of
the myelin sheath damage is unknown. The disorder is progressive and characterized by gradual
onset of impaired sensory function and weakness in the arms and legs. CIDP shares similar
clinical characteristics with Guillain-Barré syndrome (GBS) except CIDP is chronic and
progressive while Guillain-Barré syndrome is associated with acute, sometimes severe
neuropathy. The incidence estimates for CIDP are lower than GBS (~1.5-3.6 per 1,000,000) but




the prevalence of CIDP is higher than GBS (~8 per 100,000) due to the chronic nature of the
disease.*! CIDP occurs more frequently in older adults and males and is associated with both
motor (tremor, loss of deep tendon reflexes) and sensory (numbness or tingling of the
extremities) symptoms. CIDP can be chronic-progressive or relapsing-remitting, usually
improves with treatment over time and is not usually associated with severe disease or death.*

Mild CIDP disease does not usually require treatment and careful observation for
spontaneous remission is recommended.?**! Treatment of CIDP is appropriate in rapidly
progressive disease or when walking is compromised.*®* According to the American Academy of
Neurology, chronic corticosteroid therapy (prednisone 60-100 mg/d for 2-4 weeks, then taper)
helps to improve weakness.** Intravenous immunoglobulin therapy (1 g/kg daily for 2 days and
again at 3 weeks or 400 mg/kg/d for 5 consecutive days) is recommended as first-line or add-on
therapy. Up to one-third of patients with CIDP are nonresponsive to corticosteroid or IVIG
therapy; plasma exchange, methotrexate, cyclosporine, azathioprine or cyclophosphamide are
considered effective second-line treatment options in patients who have failed initial therapies.
Overall, §3hoice of therapy requires assessment and periodic re-evaluation of the risks and
benefits.

Multifocal Motor Neuropathy

Multifocal motor neuropathy (MMN) is a rare neurological disorder characterized by
motor weakness and atrophy occurring in a slow progression over years.***?% The sensory
system is not generally affected. The upper extremities tend to be affected more frequently than
the lower extremities and up to 75% of those diagnosed with MMN are male. Prevalence of
MMN is reported anywhere from 0.3 up to 3 per 100,000 but is frequently under-recognized and
mis-diagnosed.®* Accurate diagnosis is based on electrophysiologic studies which demonstrate 1-
2 motor deficits, usually asymmetric, linked to conduction block. The cause of MMN is
unknown but related to demyelination, inflammation and alterations to motor unit potentials.*®
High-dose IVIG (2 g/kg daily) administered over 3-5 days every monthly is the treatment of
choice for MMN. Azathioprine, cyclophosphamide, cyclosporine, infliximab, interferon,
mycophenolate mofetil and rituximab may be considered second-line therapies, although
insufficient evidence is available supporting their use in MMN.3"%

Other

IVIG therapy is also indicated in the treatment of adverse events and secondary
infections, particularly hypogammaglobulinemia, associated with chronic lymphocytic leukemia
(CLL), bone marrow transplant (BMT) and pediatric human immunodeficiency virus (HIV).***

Chronic lymphocytic leukemia (CLL) is a blood and marrow disorder characterized by
increased numbers of CD5-positive B cells.* The underlying cause of CLL is unknown,
although it is thought to be genetically linked.** CLL is the most common lymphoid disorder in
the Western hemisphere and is the cause of about 20% of all leukemias in the United States. The
median age at diagnosis of CLL is ~67 years. The incidence of CLL increases with increasing
age and males are twice as likely to have the disorder compared to females. CLL is often
diagnosed after a routine complete blood count (CBC) panel demonstrating an elevated absolute



lymphocyte count (ALC) ranging from 5 x 10%L to 500 x 10%L.*" In some patients, symptoms
of fatigue, frequent infections, fever and weight loss are presenting features. Clinical progression
of CLL can vary widely and treatment can range from careful observation with as needed
treatment of secondary infections and hemorrhagic complications to complicated combination
therapies with steroids, chemotherapy, monoclonal antibodies and/or stem cell transplantation.*?
In general, treatment for CLL is not curative. Because CLL tends to occur in an older population
and has a slow progression, there are a number of complications associated with the disease.
Hypogammaglobulinemia is frequently linked to CLL and is associated with the development of
various secondary infections including those caused by Herpes zoster, Pneumocystis carinii and
Candida albicans.** According to the National Cancer Institute, early diagnosis and treatment of
secondary infections greatly improves long-term survival. In patients with
hypogammaglobulinemia, intravenous immunoglobulin (400 mg/kg every 3 weeks for 1 year)
therapy demonstrated efficacy in reducing the number of bacterial infections.* However, no
reduction in overall mortality was demonstrated and the long-term benefit (>1 year) of IVIG
therapy is unknown,*>°

Bone marrow transplant (BMT) is a procedure indicated in the treatment of hematologic
cancers. It is effective in curing many malignant and non-malignant disorders. In order for a
BMT procedure to be successful, chemotherapy is first administered to ablate host immune
function, rendering the patient immunodeficient. A BMT procedure is then administered to
restore hematopoiesis.*” Unfortunately, the lack of immune function puts the patient at high risk
for serious opportunistic infections including cytomegalovirus (CMV). According to clinical
evidence, IVIG is efficacious in preventing and treating CMV infection in patients who recently
received a BMT and is recommended as prophylaxis in most patients. IVIG therapy has also
demonstrated efficacy in modulating host immune responses and significantly reducing the rate
of acute graft-versus-host disease (GVHD) with weekly doses (500-1000 mg/kg) for up to 90-
120 days after the BMT procedure.*®

The development of highly effective and potent combination active antiretroviral
treatment (HAART) regimens has significantly decreased the rate of acquired immunodeficiency
syndrome (AIDS), opportunistic infections and deaths in both children and adults with HIV.
Pediatric patients who receive suboptimal care are at higher risk for developing protozoan,
fungal and/or viral opportunistic infections. IVIG therapy has been used as a prophylaxis and
treatment for opportunistic infections in pediatric patients with HIV. According to the CDC and
NIH guidelines for opportunistic infections in pediatric patients with HIV, 1VIG therapy (400
mg/kg every 2-4 weeks) is only appropriate for treatment of invasive bacterial infections in HIV-
infected pediatric patients with concurrent hypogammaglobulinemia (i.e., 1gG <400 mg/dL).
IVIG therapy may also be used as a second-line treatment option in pediatric patients with
Varicella-zoster virus who did not respond to Varicella-zoster immune globulin. According to
the guidelines, clinical evidence does not support the use of IVIG in the prevention or treatment
of other opportunistic infections associated with pediatric HIV infection.*

IVIG therapy is also administered in a number of off-label indications including:
Guillain-Barré syndrome, solid organ transplant, multiple myeloma, hemolytic disease,
mucocutaneous blistering disease, myasthenia gravis, Lambert-Eaton myasthenic syndrome
(LEMS), multiple sclerosis (MS), inflammatory myopathies, idiopathic progressive



polyneuropathy, intractable epilepsy, acute cardiomyopathy, pure red cell aplasia, fatal
autoimmune thrombocytopenia (FAIT), stiff person syndrome (SPS), etc. Some clinical data
demonstrates efficacy for the IVIG agents in the treatment of off-label uses. This report focuses
on the clinical safety and efficacy evidence available for 1VIG therapy in FDA-approved
indications.>*



Mechanism of Action

IVIG is a sterile solution of concentrated polyvalent antibodies (~95% IgG) extracted
from healthy donors.>? The intravenous/subcutaneous immunoglobulin agents are a group of
nonspecific immunoglobulins which provide passive immunity for a number of different
disorders for up to 1-3 months after a single dose. Immunity to a specific disease occurs via
disease-specific antibodies created through a process of active or passive immunity. Active
immunity occurs after exposure to the disease organism either through infection with the actual
disease, referred to as natural immunity, or exposure to a killed/weakened form of the organism
via vaccination. Passive immunity occurs via the transfer of immunologic products, such as
immunoglobulin, to an antibody-deficient individual. In general, active immunity is long-lasting
while passive immunity is short-acting and requires repeat exposure. Passive immunity with
immunoglobulin is indicated in patients with congenital or acquired immunodeficiency, in
patients at high risk for drug or disease adverse effects or in patients with inadequate time to
obtain active immunization (e.g., measles, rabies, diphtheria, tetanus). Passive immunization can
occur after administration of nonspecific immunoglobulin agents or highly-specific agents
(including antithymocyte globulin, botulismimmune globulin, cytomegalovirus immune
globulin, hepatitis B immune globulin, etc.) Specific immune globulin agents consist of a sterile
solution of concentrated antibodies extracted from donors with high titers of the desired
antibodies. The indications for IVIG therapy have expanded from replacement therapy for
immunodeficiencies to treatment and prevention of bacterial/viral infections and various auto-
immune and inflammatory diseases. >*** The exact mechanism of action of IVIG in immune
modulation is unclear but may be linked to alterations in function of receptors on leukocytes and
endothelial cells, complement activation and cytokine production.®

Immunoglobulin therapy is available in subcutaneous, intravenous and intramuscular
formulations.>*® Intravenous immunoglobulin (IVIG) is the most commonly used formulation.
Subcutaneous immunoglobulin (SCIG) products provide an option for immunoglobulin therapy
without the need for venous access and hospital/clinic administration. One intramuscular
immunoglobulin agent is currently available in the US (Gamastan); it is the only 1G agent
indicated for prophylaxis of hepatitis A infection, measles infection and passive immunization
against varicella in immunosuppressed patients. Intramuscular administration is not
recommended in the treatment of primary immunodeficiency as IM administration is associated
with inadequate serum levels and increased rates of adverse effects.*’ Trough/steady state 1gG
levels may be considered surrogate markers for efficacy of immunoglobulin therapy. In a meta-
analysis of 17 clinical studies published in 2010, Orange et al reported a reduced rate of
secondary infections in patients with stable trough/steady state 1gG levels receiving either
intravenous or subcutaneous immunoglobulin.>* Theoretically, SCIG therapy is associated with a
more stabilized pharmacokinetic profile and fewer adverse events due to slow absorption and
increased frequency of administration with subcutaneous therapy. However, clinical evidence
reports no differences in efficacy between intravenous and subcutaneous immunoglobulin
formulations despite differences in the pharmacokinetic profiles.> Table 4 provides a summary
of the product properties for the agents.



Table 4. Product properties of the IG agents*

Agent Stabilizing Agent IgG Content IgA Content Sodium Content
Bivigam Glycine >96% <0.2 mg/mL 0.1-0.140M
Carimune NF Sucrose >96% Trace amounts 20 mg/g of protein
Flebogamma DIF Sorbitol >97% <100 mcg/mL Trace amounts
Gamastan S/D Glycine NR NR Present
Gammagard Glycine >98% ~37 mcg/mL None
Gammagard S/D Glycine, Glucose >90% <2.2 mcg/mL 8.5 mg/mL
Gammaked Glycine >98% ~0.046 mg/mL NR

Gammaplex Glycine >95% <10 mcg/mL 0.3g
Gamunex-C Glycine >98% 46 mcg/mL NR

Hizentra Proline >98% <50 mcg/mL Trace amounts
Hygvia Glycine 37 mcg/mL None

Octagam Maltose >96% <0.2 mg <30mml/L
Privigen Proline >98% <25 mcg/mL Trace amounts

Key: NR = not reported




Clinical Efficacy

Methods

A literature search was conducted to identify systematic reviews searching the
MEDLINE database (1950 — 2015), the Cochrane Library and reference lists of review articles.
For the clinical efficacy section, only systematic reviews published in English, evaluating
efficacy of the IVIG agents are included. Reviews evaluating the agents as monotherapy or
combination therapy where adjunctive medications remained constant throughout the trial are
included. Non-comparative evidence and evidence comparing monotherapy with combination
regimens are excluded.>***® Evidence evaluating the IVIG preparations in the treatment of off-
label uses were also excluded.>**"2

Systematic Reviews

A total of 13 systematic reviews were identified for evaluation of the immunoglobulin
agents. Two reviews evaluated the efficacy of the agents in patients with primary
immunodeficiencies, one review evaluated the efficacy of the agents in patients with idiopathic
thrombocytopenia purpura, one review evaluated the efficacy of the agents in patients with
chronic inflammatory demyelinating polyradiculoneuropathy, one review evaluated the efficacy
of the agents in pediatric patients with Kawasaki disease, one review evaluated the efficacy of
the agents in patients with multifocal motor neuropathy, four reviews evaluated the efficacy of
the agents in patients with neurological disorders and three reviews evaluated the efficacy of the
agents in dose ranging and formulation specific (subcutaneous, intravenous) trials.

Primary Immunodeficiency: Two systematic reviews evaluating the efficacy of the I1G
agents in patients with primary immunodeficiency were identified for evaluation. In 2010,
Shehata et al*® published evidence-based guidelines for the use of IG therapy in patients with PI.
The recommendations are based on evidence from a systematic search of the clinical evidence
available for 1G therapy, including a summary of the two available systematic reviews. In total,
1,087 citations were reviewed and 101 were included in the analysis. Sixteen citations compared
the efficacy of 1G agents from different manufacturers. According to the evidence, no significant
differences in efficacy were reported between IG agents. Of note, most of the studies were small
and only conducted for licensing purposes rather than to compare the efficacy of the agents. One
study reported differences in antibody levels between manufactured products but no differences
in overall efficacy were reported. One systematic review and 2 clinical trials compared the
efficacy of intravenous IG to subcutaneous IG. According to the evidence, no statistically
significant differences in efficacy were reported between intravenous and subcutaneous I1G
therapy. Seven clinical trials evaluated the efficacy of IG therapy with differing doses.
According to the evidence, improved efficacy and sustained effects are seen with high-dose 1G
therapy compared to low-dose therapy. Overall, the guidelines recommend IG therapy in the
treatment of primary immunodeficiency disorders based on evidence that suggests IG therapy
reduces secondary infection rates, hospitalizations and mortality and improves quality of life.
The guidelines do not recommend one product or formulation over another.** An additional




clinical review not included in the evidence-based guideline is available for evaluation.
According to the review, the efficacy and safety of intravenous and subcutaneous IG therapy are
well-documented with similar rates of efficacy, adverse events and 1gG steady-state levels and
both therapies have similar costs. According to the review, selection of an 1G agent should be
based on individual clinical response.**

Idiopathic Thrombocytopenia Purpura: One systematic review evaluated the efficacy of
different doses of IVIG therapy in patients with acute idiopathic thrombocytopenic purpura
(ITP). A total of 13 randomized controlled trials (n = 646 patients) comparing high-dose IVIG
with low-dose IVIG were identified for evaluation. According to the evidence, no differences in
efficacy (defined as differences in effective rate, time to effects, peak effects and rate of chronic
ITP) were reported between the treatment groups. A statistically significant reduced rate of
adverse events was reported in the low-dose treatment groups compared to high-dose treatment
groups (p = 0.01). This evidence suggests low-dose IVIG therapy is as effective and safer than
high-dose IVIG therapy in patients with acute ITP.%

Chronic Inflammatory Demyelinating Polyradiculoneuropathy: No comparative
systematic reviews evaluating the efficacy of the I1G agents in the treatment of chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP) are available for evaluation. One
systematic review of eight randomized controlled trials comparing 1G therapy to other treatments
in patients with CIDP was identified. Eftimov et al (2013) evaluated the efficacy of IVIG therapy
compared to placebo (5 trials, n = 235), plasma exchange (1 trial, n = 20) or corticosteroids (2
trials, n = 78) in patients diagnosed with definite or probable CIDP. According to the evidence,
IVIG therapy improves patient outcomes (defined as improvements in disability scores) for at
least 2-6 weeks compared to placebo (RR 2.40; CI 1.72-3.36). No differences in efficacy were
reported between IVIG treatment groups and plasma exchange or corticosteroid treatment
groups. No differences in rate of adverse events were reported between treatment groups but
further research is recommended to evaluate the safety and efficacy of long-term IVIG therapy in
the treatment of CIDP.%°

Kawasaki Disease: One systematic review evaluated the efficacy of IVIG therapy in the
treatment and prevention of cardiovascular complications in pediatric patients with Kawasaki
disease. A total of 59 randomized controlled trials were identified for evaluation and 16 were
included in the analysis. Three citations compared the efficacy of 1G agents from different
manufacturers. According to the evidence, no significant differences in efficacy (defined as rate
of new coronary artery abnormalities (CAAS)) were reported between IG agents. Statistically
significant decreases in CAAs were reported with 1VIG therapy when compared to placebo (p <
0.05). Fifteen clinical trials evaluated the efficacy of IG therapy with differing doses. According
to the evidence, reduced rate of new CAAs, reduction in fever duration and sustained clinical
effects are seen with high-dose IG therapy compared to low-dose therapy. No statistically
significant differences in adverse effects were reported in any of the treatment groups.”’

Multifocal Motor Neuropathy: No comparative systematic reviews evaluating the
efficacy of the 1G agents in the treatment of multifocal motor neuropathy are available for
evaluation. One systematic review comparing IG therapy to placebo in patients with multifocal
motor neuropathy was identified. VVan Schaik et al (2006) evaluated four randomized controlled




trials (n = 34) for improvements in disability, strength or conduction block with IG therapy.
According to the evidence, statistically significant improvements in strength were reported in
patients receiving 1VIG therapy compared to those receiving placebo (78% vs 4%, p < 0.05). No
differences in disability or conduction block were reported between treatment groups.*®

Neurologic Conditions: A summary of clinical evidence and treatment recommendations
in patients with neurological autoimmune diseases is available in several review studies. A
clinical review (Dalakas, 2004) of the evidence-based indications for the IG agents reports IVIG
therapy is an effective first-line treatment option in patients with neurologic disorders, including
CIDP and multifocal MMN.® A second review by Latov et al (2000) provides recommendations
for IVIG as first-line therapy in patients with CIDP or MMN based on rigorously controlled,
double-blind clinical trials."® Stangel et al (1998) provides evidence in favor of IVIG as an
immunomodulary therapy based of clinical data demonstrating efficacy for IVIG in the treatment
of neurological autoimmune diseases including CIDP and MMN.®* The National Advisory
Committee on Blood and Blood Products (NAC) and Canadian Blood Service published
evidence-based guidelines for use of IVIG therapy in neurologic conditions in 2007.1%2
According to the review of clinical evidence, the treatment guidelines recommend IVIG therapy
in 14 neurologic conditions, including CIDP and MMN. None of the published reviews report
differences in efficacy between the agents and do not recommend a specific 1VIG agent over
another.

Pharmacokinetic Clinical Evidence: One systematic review evaluated the
pharmacokinetic (PK) profiles of different IVIG agents.'® A total of 1200 clinical trials were
identified for evaluation and 50 were included in the analysis. Trials included in the analysis
ranged from randomized controlled (12 trials), nonrandomized controlled (3 trials), cohort (30
trials) and case reports or descriptive studies (5 trials). Study populations included patients with
primary immunodeficiency disease (PID), bone marrow transplant, chronic lymphocytic
leukemia or multiple myeloma, women with pregnancy complications and high-risk
neonates/infants. It appears 1VIG therapy produces serum IgG levels which decline rapidly after
initial infusion and continue to gradually decline over the following weeks with a half-life ~20-
30 days in patients with normal or near-normal baseline immunoglobulin levels. Variation in
IVIG PK profiles is highest in patients with abnormal baseline 1gG levels. Across the majority of
included clinical trials, initial IGIV dose was 0.4 g/kg every 3-4 weeks with steady state reached
within 4-6 months. Based on the data, pharmacokinetic profiles can also vary widely between
different patient populations.

Two systematic reviews evaluated the efficacy of different formulations of 1G therapy.
Abolhassani et al'® identified a total of 156 clinical trials for evaluation and 47 of those trials
(10 controlled trials and 37 cohort studies; n = 1,484) were included in the analysis. The majority
of the evidence (31 studies, n = 1,059) suggests subcutaneous and intravenous administration of
IG produces similar serum IgG trough levels (p < 0.01) with no differences in dosing patterns.
Clinical trials reporting outcomes for infection and hospitalization rates are mixed. Some trials
report improved outcomes with subcutaneous therapy, some report improved outcomes with
intravenous therapy and some report no differences in efficacy between the different routes of
administration. The authors conclude that the available clinical efficacy data are difficult to
interpret. Clinical trials evaluating safety outcomes associated with I1G therapy report



significantly greater patient preference for subcutaneous IG therapy based on reduced rates of
systemic adverse events (such as severe headache, fever and anaphylactoid reactions) reported
with subcutaneous administration (p < 0.01). Lingman-Framme et al'® identified a total of 508
clinical trials for evaluation and 25 of those trials were included in the analysis. Eleven studies
evaluated the difference in IgG trough levels between the different routes of administration and
reported an increase in 1gG levels with subcutaneous IG administration. No difference in clinical
efficacy or adverse event rates were reported between treatment groups. The authors concluded
both routes of administration are efficacious in reducing the rate of serious bacterial infections
and have good safety profiles in patients with immunodeficiency.

Based on the available clinical evidence, different IG agents are equally efficacious in
terms of improving clinical outcomes in patients with immunodeficiencies and neurologic
disorders. In addition, the available 1G agents are labeled for use in a common group of
indications. As the list of therapeutic uses for immunoglobulin continues to increase, some
clinical evidence suggests the agents should be considered generic and substitutable. According
to a recent review of the topic'®, “the manufacturing process and associated excipients for
individual products varies, all currently licensed IVIG products are composed predominantly of
1gG (>95%) and comply with the quality standards of regulatory agencies.” However, other
evidence suggests the differences in risk of adverse effects between agents and difficulty in
tracking a specific agent associated with an 1VIG-associated viral transmission or contaminant
limits the likelihood of generic IVIG formulations.'%



Adverse Drug Reactions

Adverse events reported with IG therapy tend to be mild and uncommon, occurring in
less than 10% of patients.**°"1% Systemic reactions usually reported with intravenous therapy
include mild to moderate headache (treated with nonsteroidal anti-inflammatory therapy),
chills/myalgia and pruritus within the first hour of infusion (treated by stopping the infusion and
restarting at a reduced rate) and post-infusion fatigue, fever or nausea. Mild chest discomfort and
hypotension may also occur while receiving the infusion. Local reactions usually reported with
subcutaneous therapy include swelling, erythema and itching at the site of injection. Rare but
serious adverse events reported with 1G therapy include anaphylaxis, thrombosis and acute renal
tubular necrosis. Individuals with IgA deficiency (prevalence about 1:1000) may have anti-1gA
antibodies and can develop hypersensitivity reactions to immune globulin therapy, resulting in
severe anaphylaxis. Patients with high-normal or slightly elevated serum viscosity, as seen with
hypercholesterolemia or hypergammaglobulinemia, are at increased risk for experiencing
thrombosis with IG therapy. Patients with preexisting kidney disease and/or volume depletion,
especially in patients with advancing age or a diagnosis of diabetes, are at increased risk of
developing acute renal tubular necrosis with IG therapy. Renal insufficiency reported with 1G
therapy is frequently linked to high sucrose concentration of some 1G agents. Overall,
differences in presence of IgA, sugar and sodium content and osmolarity between the IG agents
has little effect on efficacy but may have significant impact on safety, especially in different
patient populations.’® Table 5 provides a summary of the safety information available for the 1G
agents, according to package labeling.

Table 5. Safety of the 1IG Agents®***

Contraindications History of anaphylactic or severe systemic reactions to human immunoglobulin.
IgA deficient patients with antibodies to IgA and a history of hypersensitivity.

Black Box Warnings Thrombosis may occur with immune globulin intravenous (IG1V) products. Risk factors may
include: advanced age, prolonged immobilization, hypercoagulable conditions, a history of
venous or arterial thrombosis, the use of estrogens, indwelling vascular catheters, hyperviscosity
and cardiovascular risk factors.

Renal dysfunction, acute renal failure, osmotic nephrosis, and death may occur with the
administration of Immune Globulin Intravenous (Human) (IGIV) products in predisposed
patients. Renal dysfunction and acute renal failure occur more commonly in patients receiving
IGIV products containing sucrose.

Warnings & e Thrombotic events have occurred in patients receiving IGIV therapy. Monitor patients with

Precautions known risk factors for thrombotic events; consider baseline assessment of blood viscosity
for those at risk of hyperviscosity.

e |gA deficient patients with antibodies against IgA are at greater risk of developing severe
hypersensitivity and anaphylactic reactions. Have medications such as epinephrine available
immediately to treat any acute severe hypersensitivity reactions.

e  Monitor renal function, including blood urea nitrogen (BUN), serum creatinine, and urine
output in patients at risk of developing acute renal failure.

e Hyperproteinemia, increased serum viscosity, and hyponatremia or pseudohyponatremia
can occur in patients receiving IGIV therapy.




Drug Interactions

Special Populations

Adverse Events
Bivigam

Carimune NF

Flebogamma DIF

Gamastan S/D

Gammagard

e Aseptic meningitis syndrome (AMS) has been reported with IGIV treatments, especially with
high doses or rapid infusion.

e Hemolytic anemia can develop subsequent to treatment with IGIV products. Monitor
patients for hemolysis and hemolytic anemia.

e  Monitor patients for pulmonary adverse reactions (Transfusion-related acute lung injury
[TRALI]). If transfusion-related acute lung injury is suspected, test the product and patient
for antineutrophil antibodies.

e Because this product is made from human blood, it may carry a risk of transmitting
infectious agents, e.g., viruses, and theoretically, the Creutzfeldt-Jakob disease (CJD) agent.

e Passive transfer of antibodies may transiently interfere with the immune response to live
virus vaccines, such as measles, mumps, rubella, and varicella.

e Passive transfer of antibodies may confound the results of serological testing.

e Pregnancy: Use in pregnant women has not been evaluated. Use in pregnant women only if
clearly needed.

e  Geriatric Use: In patients over age 65 or in any patient at risk of developing renal
insufficiency, do not exceed the recommended dose, and infuse at the minimum infusion
rate practicable.

e Pediatric Use: Safety and effectiveness in the pediatric population have not been established

The most common adverse reactions to BIVIGAM (reported in 25% of clinical study subjects)
were headache, fatigue, infusion site reaction, nausea, sinusitis, blood pressure increased,
diarrhea, dizziness, and lethargy.

Increases in creatinine and blood urea nitrogen (BUN) have been observed as soon as 1-2 days
following infusion. Progression to oliguria or anuria, requiring dialysis has been observed. Types
of severe renal adverse events that have been seen following IGIV therapy include: acute renal
failure, acute tubular necrosis, proximal tubular nephropathy and osmotic nephrosis.
Inflammatory adverse reactions have been described in agammaglobulinemic and
hypogammaglobulinemic patients who have never received immunoglobulin substitution
therapy before or in patients whose time from last treatment is greater than 8 weeks and whose
initial infusion rate exceeds 2 mg/kg/min.

Reactions, which may become apparent only 30 minutes to 1 hour after the beginning of the
infusion, are as follows: flushing of the face, feelings of tightness in the chest, chills, fever,
dizziness, nausea, diaphoresis, and hypotension or hypertension. Arthralgia, myalgia, and
transient skin reactions (such as rash, erythema, pruritus, urticaria, eczema or dermatitis) have
also been reported.

The most common adverse reactions (reported in > 5% of clinical trial subjects) were headache,
fever/pyrexia, shaking, tachycardia, hypotension, back pain, myalgia, hypertension, chest pain,
pain, nausea, infusion site reactions and pain in extremities.

Local pain and tenderness at the injection site, urticaria, and angioedema may occur.
Anaphylactic reactions, although rare, have been reported following the injection of human
immune globulin preparations. Anaphylaxis is more likely to occur if GamaSTAN S/D is given
intravenously; therefore, GamaSTAN S/D must be administered only intramuscularly.

The most common adverse reactions observed in 25% of patients were:

PI:

Intravenous Administration: Headache, fatigue, pyrexia, nausea, chills, rigors, pain in extremity,
diarrhea, migraine, dizziness, vomiting, cough, urticaria, asthma, pharyngolaryngeal pain, rash,
arthralgia, myalgia, oedema peripheral, pruritus, and cardiac murmur.

Subcutaneous Administration: Infusion site (local) event, headache, fatigue, heart rate increased,
pyrexia, abdominal pain upper, nausea, vomiting, asthma, blood pressure systolic increased,
diarrhea, ear pain, aphthous stomatitis, migraine, oropharyngeal pain, and pain in extremity.
MMN:

Headache, chest discomfort, muscle spasms, muscular weakness, nausea, oropharyngeal pain,



Gammaagard S/D

Gammaplex

Gamunex-

Privigen

and pain in extremity.

Serious adverse reactions which occurred in the clinical trials were aseptic meningitis, pulmonary
embolism, and blurred vision.

The most common adverse reactions observed in = 5% of patients during the clinical trials were
headache, nausea, chills, fatigue, pyrexia, upper abdominal pain, diarrhea, back pain, infusion
site pain, hyperhidrosis and flushing.

Severe adverse reactions reported postmarketing include renal failure, thrombotic events
(myocardial infarction, cerebrovascular accidents, and pulmonary embolism), anaphylactic
shock, aseptic meningitis and hemolysis.

The most common adverse reactions observed in 25% of patients were:

PI:

Intravenous Administration: Headache, cough, injection site reaction, nausea, pharyngitis,
urticarial

Subcutaneous Administration: Infusion site reaction, headache, fatigue, arthralgia, pyrexia

ITP: Headache, vomiting, fever, nausea, back pain, rash

CIDO: Headache, fever, chills, hypertension, rash, nausea, asthenia

Serious adverse reactions which occurred in the clinical trials were an exacerbation of
autoimmune pure red cell aplasia in one subject and pulmonary embolism in one subject with a
history of pulmonary embolism.

PI: The most common adverse reactions reported in >5% of clinical trial subjects were headache,
pyrexia, nasal congestion/edema, fatigue, nausea, hypertension, rash, hypotension, infusion site
reaction, vomiting, myalgia, chills, tachycardia, chest pain/discomfort, pain, dizziness, malaise,
dysuria, and dry skin.

Chronic ITP: The most common adverse reactions reported in >5% of clinical trial subjects were
headache, vomiting, nausea, pyrexia, pruritus, dehydration, and arthralgia

The most common adverse reactions observed in 25% of patients were:

PI:

Intravenous Administration: Headache, cough, injection site reaction, nausea, pharyngitis,
urticarial

Subcutaneous Administration: Infusion site reaction, headache, fatigue, arthralgia, pyrexia

ITP: Headache, vomiting, fever, nausea, back pain, rash

CIDO: Headache, fever, chills, hypertension, rash, nausea, asthenia

Serious adverse reactions which occurred in the clinical trials were an exacerbation of
autoimmune pure red cell aplasia in one subject and pulmonary embolism in one subject with a
history of pulmonary embolism.

The most common adverse reactions observed in 25% of study subjects were local

reactions (i.e., swelling, redness, heat, pain, and itching at the injection site), headache,
diarrhea, fatigue, back pain, nausea, pain in extremity, cough, rash, pruritus, vomiting,
abdominal pain (upper), migraine, and pain

The most common adverse reactions observed in clinical trials in >5% of subjects were: local
reactions, headache, antibody formation against recombinant human hyaluronidase (rHuPH20),
fatigue, nausea, pyrexia, and vomiting.

5%: Most common adverse reactions with an incidence of > 5% during a clinical trial were
headache and nausea.

10%: The most common adverse reactions reported in greater than 5% of subjects during a
clinical trial were headache, fever and increased heart rate

Pl: The most common adverse reactions, observed in >5% of study subjects, were

headache, fatigue, nausea, chills, vomiting, back pain, pain, elevated body temperature,
abdominal pain, diarrhea, cough, stomach discomfort, chest pain, joint swelling/effusion,
influenza-like illness, pharyngolaryngeal pain, urticaria, and dizziness.

Serious adverse reactions were hypersensitivity, chills, fatigue, dizziness, and increased body
temperature



Chronic ITP: The most common adverse reactions, observed in >5% of study

subjects, were headache, elevated body temperature, positive direct antiglobulin test

(DAT), anemia, nausea, epistaxis, vomiting, blood bilirubin unconjugated increased,

blood bilirubin conjugated increased, blood total bilirubin increased, hematocrit decreased, and
blood lactate dehydrogenase increased. A serious adverse reaction was aseptic meningitis




Summary

Both subcutaneous and intravenous immunoglobulin therapy are indicated in the
treatment of primary immunodeficiency syndromes. The agents may also be used in the
treatment of idiopathic thrombocytopenic purpura, chronic inflammatory demyelinating
polyneuropathy, multifocal motor neuropathy, Kawasaki syndrome and in the prevention of
secondary infection in patients with chronic lymphocytic leukemia in addition to a number of
off-label bacterial/viral infections and various auto-immune and inflammatory diseases. The
single intramuscular immunoglobulin agent is indicated as prophylaxis of Hepatitis A infection,
Measles or Varicella. The FDA recommends IG therapy be prioritized to treat disease conditions
known to respond to IGIV therapy and off-label use be strictly limited. Clinical guidelines for
use of immunoglobulin recommend IG therapy in all patients with absent or deficient antibody
production.

Based on the available clinical evidence, different IG agents are equally efficacious in
terms of improving clinical outcomes in patients with immunodeficiencies and neurologic
disorders. Adverse events reported with IG therapy tend to be mild and uncommon, occurring in
less than 10% of patients. Injection site reactions (pain, swelling) are more common with
subcutaneous IG therapy and systemic reactions (headache, flu-like symptoms) are more
common with intravenous IG therapy. Rare but serious adverse events (anaphylaxis, thrombosis,
renal failure) have been reported with 1G therapy and treatment should be limited in patients with
IgA deficiency, patients with elevated serum viscosity, patients with preexisting kidney disease
or volume depletion and in geriatric and pediatric patient populations. Overall, choice of
therapeutic IG agent, administration type and dosing regimen requires assessment and periodic
re-evaluation of the risks and benefits for each individual patient.



References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Fischer A. Chapter 316. Primary Immune Deficiency Diseases. . In: Longo DL, Fauci AS, Kasper DL,
Hauser SL, Jameson J, Loscalzo J, eds. Harrison's Principles of Internal Medicine. 18th ed. New
York, NY: McGraw-Hill; 2012.

Krensky AM, Bennett WM, Vincenti F. Chapter 35. Immunosuppressants, Tolerogens, and
Immunostimulants. In: Brunton LL, Chabner BA, Knollmann BC, eds. Goodman & Gilman's The
Pharmacological Basis of Therapeutics. 12th ed. New York, NY: McGraw-Hill; 2011.

Lexi-Comp |, ed Drug Information Handbook. 21st ed. Hudson, OH: Lexi-Comp; 2015.

McEvoy GK, Snow EK, Kester L, Litvak K, Miller J, Welsh OH, eds. AHFS 2015 Drug Information.
Bethesda, MD: American Society of Health-System Pharmacists; 2015.

FDA. Shortage of Immune Globulin Products. 1998;
http://www.fda.gov/newsevents/testimony/ucm115116.htm.

Kishiyama JL. Disorders of the Immune System. In: Hammer GD, McPhee SJ, eds.
Pathophysiology of Disease: An Introduction to Clinical Medicine. 7th ed2013.

Carroll KC, Hobden JA, Miller S, et al. Immunology. In: Carroll KC, Hobden JA, Miller S, et al., eds.
Jawetz, Melnick, & Adelberg’s Medical Microbiology. 27th ed2015.

Boyle ML, Scalchunes C. Impact of intravenous immunoglobulin (IVIG) treatment among patients
with Primary Immunodeficiency diseases Towson, MD: Immune Deficiency Foundation.

Bonilla FA, Khan DA, Ballas ZK, et al. Practice parameter for the diagnosis and management of
primary immunodeficiency. The Journal of allergy and clinical immunology. Sep 11 2015.

Chong BH, Ho SJ. Autoimmune thrombocytopenia. Journal of thrombosis and haemostasis : JTH.
Aug 2005;3(8):1763-1772.

Psaila B, Bussel JB. Immune thrombocytopenic purpura. Hematology/oncology clinics of North
America. Aug 2007;21(4):743-759, vii.

Tiu RV, Sekeres MA. The role of AMG-531 in the treatment of thrombocytopenia in idiopathic
thrombocytopenic purpura and myelodysplastic syndromes. Expert opinion on biological
therapy. Jul 2008;8(7):1021-1030.

Diz-Kucukkaya R, Gushiken FC, Lopez JA. Thrombocytopenia. In: Lichtman MA, Beutler E, Kipps
TJ, Seligsohn U, Kaushansky K, Prchal JT, eds. Williams Hematology. 7th ed. New York, NY:
McGraw-Hill; 2006.

Konkle BA. Disorders of Platelets and Vessel Wall. In: Fauci AS, Braunwald E, Kasper DL, eds.
Harrison's Principles of Internal Medicine. 17th ed. New York, NY: McGraw-Hill; 2008.

Panzer S. New therapeutic options for adult chronic immune thrombocytopenic purpura: a brief
review. Vox sanguinis. Jan 2008;94(1):1-5.

Stasi R, Evangelista ML, Stipa E, Buccisano F, Venditti A, Amadori S. Idiopathic thrombocytopenic
purpura: current concepts in pathophysiology and management. Thrombosis and haemostasis.
Jan 2008;99(1):4-13.

Fogarty PF, Segal JB. The epidemiology of immune thrombocytopenic purpura. Current opinion
in hematology. Sep 2007;14(5):515-519.

American Society of Hematology. Clinical Practice Guideline on the Evaluation and Management
of Immune Thrombocytopenia (ITP). 2011.

Frederiksen H, Schmidt K. The incidence of idiopathic thrombocytopenic purpura in adults
increases with age. Blood. Aug 1 1999;94(3):909-913.

George JN, Woolf SH, Raskob GE. Idiopathic thrombocytopenic purpura: a guideline for
diagnosis and management of children and adults. American Society of Hematology. Annals of
medicine. Feb 1998;30(1):38-44.



http://www.fda.gov/newsevents/testimony/ucm115116.htm

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

Newland A, Caulier MT, Kappers-Klunne M, et al. An open-label, unit dose-finding study of AMG
531, a novel thrombopoiesis-stimulating peptibody, in patients with immune thrombocytopenic
purpura. British journal of haematology. Nov 2006;135(4):547-553.

Newland A. Thrombopoietin mimetic agents in the management of immune thrombocytopenic
purpura. Seminars in hematology. Oct 2007;44(4 Suppl 5):535-45.

Newland A. Emerging strategies to treat chronic immune thrombocytopenic purpura. European
journal of haematology. Supplementum. Feb 2008(69):27-33.

Stasi R, Evangelista ML, Amadori S. Novel thrombopoietic agents: a review of their use in
idiopathic thrombocytopenic purpura. Drugs. 2008;68(7):901-912.

Darst JR, Collins KK, Miyamoto SD. Cardiovascular Diseases. In: Hay WW, Levin MJ, Deterding RR,
Abzug MJ, eds. CURRENT Diagnosis & Treatment: Pediatrics. 22nd ed. New York, NY: McGraw-
Hill; 2013.

Kemp WL, Burns DK, Brown TG. Chapter 9. Vascular Pathology. In: Kemp WL, Burns DK, Brown
TG, eds. Pathology: The Big Picture. New York, NY: McGraw-Hill; 2008.

Saguil A, Fargo M, Grogan S. Diagnosis and management of kawasaki disease. American family
physician. Mar 15 2015;91(6):365-371.

Newburger JW, Takahashi M, Gerber MA, et al. Diagnosis, treatment, and long-term
management of Kawasaki disease: a statement for health professionals from the Committee on
Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease in the
Young, American Heart Association. Pediatrics. Dec 2004;114(6):1708-1733.

National Institute of Neurological Disorders and Stroke; National Institutes of Health Bethesda,
MD 20892 http://www.ninds.nih.gov/disorders/cidp/cidp.htm.

Aminoff MJ, Greenberg DA, Simon RP. Sensory Disorders. In: Aminoff MJ, Greenberg DA, Simon
RP, eds. Clinical Neurology. 9th ed. New York, NY: McGraw-Hill; 2015.

GBS-CIDP foundation guidelines https://www.gbs-cidp.org/wp-
content/uploads/2012/01/PTOTGuidelines.pdf.

Hauser SL, Amato AA. Guillain-Barré Syndrome and Other Immune-Mediated Neuropathies. In:
Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo J, eds. Harrison's Principles of Internal
Medicine. 19th ed. New York, NY: McGraw-Hill; 2015.

Lehmann HC, Hughes RA, Hartung HP. Treatment of chronic inflammatory demyelinating
polyradiculoneuropathy. Handbook of clinical neurology. 2013;115:415-427.

Patwa HS, Chaudhry V, Katzberg H, Rae-Grant AD, So YT. Evidence-based guideline: intravenous
immunoglobulin in the treatment of neuromuscular disorders: report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy of Neurology. Neurology. Mar
27 2012;78(13):1009-1015.

Ropper AH, Samuels MA, Klein JP. Chapter 46. Diseases of the Peripheral Nerves. In: Ropper AH,
Samuels MA, Klein JP, eds. Adams & Victor's Principles of Neurology. 10th ed. New York, NY:
McGraw-Hill; 2014.

Lawson VH, Arnold WD. Multifocal motor neuropathy: a review of pathogenesis, diagnosis, and
treatment. Neuropsychiatric disease and treatment. 2014;10:567-576.

Sederholm BH. Treatment of chronic immune-mediated neuropathies: chronic inflammatory
demyelinating polyradiculoneuropathy, multifocal motor neuropathy, and the Lewis-Sumner
syndrome. Seminars in neurology. Sep 2010;30(4):443-456.

Cats EA, van der Pol WL, Piepers S, et al. Correlates of outcome and response to 1VIg in 88
patients with multifocal motor neuropathy. Neurology. Aug 31 2010;75(9):818-825.

AHFS Drug Information, ed AHFS 2014 Drug Information. Bethesda, MD: American Society of
Health-System Pharmacists; 2014.



http://www.ninds.nih.gov/disorders/cidp/cidp.htm
http://www.gbs-cidp.org/wp-content/uploads/2012/01/PTOTGuidelines.pdf
http://www.gbs-cidp.org/wp-content/uploads/2012/01/PTOTGuidelines.pdf

40.

41.

42.

43,

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Salzer U, Warnatz K, Peter HH. Common variable immunodeficiency: an update. Arthritis
research & therapy. 2012;14(5):223.

Garg RJ, Bueso-Ramos C, O'Brien S. Chapter 3. Chronic Lymphocytic Leukemia and Associated
Disorders. In: Kantarjian HM, Wolff RA, Koller CA, eds. The MD Anderson Manual of Medical
Oncology. 2nd ed. New York, NY: McGraw-Hill; 2011.

Kipps TJ. Chapter 94. Chronic Lymphocytic Leukemia and Related Diseases. In: Lichtman MA,
Kipps TJ, Seligsohn U, Kaushansky K, Prchal JT, eds. Williams Hematology. 8th ed. New York, NY:
McGraw-Hill; 2010.

Gribben JG, O'Brien S. Update on therapy of chronic lymphocytic leukemia. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology. Feb 10 2011;29(5):544-
550.

Intravenous immunoglobulin for the prevention of infection in chronic lymphocytic leukemia. A
randomized, controlled clinical trial. Cooperative Group for the Study of Immunoglobulin in
Chronic Lymphocytic Leukemia. The New England journal of medicine. Oct 6 1988;319(14):902-
907.

Griffiths H, Brennan V, Lea J, Bunch C, Lee M, Chapel H. Crossover study of immunoglobulin
replacement therapy in patients with low-grade B-cell tumors. Blood. Feb 1989;73(2):366-368.
Weeks JC, Tierney MR, Weinstein MC. Cost effectiveness of prophylactic intravenous immune
globulin in chronic lymphocytic leukemia. The New England journal of medicine. Jul 11
1991;325(2):81-86.

Siadak MF, Kopecky K, Sullivan KM. Reduction in transplant-related complications in patients
given intravenous immuno globulin after allogeneic marrow transplantation. Clinical and
experimental immunology. Jul 1994;97 Suppl 1:53-57.

Sullivan KM. Immunomodulation in allogeneic marrow transplantation: use of intravenous
immune globulin to suppress acute graft-versus-host disease. Clinical and experimental
immunology. May 1996;104 Suppl 1:43-48.

Mofenson LM, Brady MT, Danner SP, et al. Guidelines for the Prevention and Treatment of
Opportunistic Infections among HIV-exposed and HIV-infected children: recommendations from
CDC, the National Institutes of Health, the HIV Medicine Association of the Infectious Diseases
Society of America, the Pediatric Infectious Diseases Society, and the American Academy of
Pediatrics. MMWR. Recommendations and reports : Morbidity and mortality weekly report.
Recommendations and reports / Centers for Disease Control. Sep 4 2009;58(RR-11):1-166.
Laguna P, Golebiowska-Staroszczyk S, Trzaska M, Grabarczyk M, Matysiak M. Immunoglobulins
and their use in children. Advances in clinical and experimental medicine : official organ
Wroclaw Medical University. Jan-Feb 2015;24(1):153-159.

Harvey RD, 3rd. Intravenous immunoglobulin therapy: the process, the product, the patient, and
the pocketbook. Introduction. Pharmacotherapy. Nov 2005;25(11 Pt 2):71s-72s.

Siberil S, Elluru S, Negi VS, et al. Intravenous immunoglobulin in autoimmune and inflammatory
diseases: more than mere transfer of antibodies. Transfusion and apheresis science : official
journal of the World Apheresis Association : official journal of the European Society for
Haemapheresis. Aug 2007;37(1):103-107.

Bonilla FA. Pharmacokinetics of immunoglobulin administered via intravenous or subcutaneous
routes. Immunology and allergy clinics of North America. Nov 2008;28(4):803-819, ix.

Orange JS, Grossman W/, Navickis RJ, Wilkes MM. Impact of trough 1gG on pneumonia incidence
in primary immunodeficiency: A meta-analysis of clinical studies. Clinical immunology (Orlando,
Fla.). Oct 2010;137(1):21-30.

Oregon Health, Oregon State University. Abbreviated Class Review: Immunoglobulin G, Drug Use
Research & Management Program. Salem, Oregon, 2014.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Pastori D, Esposito A, Mezzaroma |. Immunomodulatory effects of intravenous immunoglobulins
(IVIGs) in HIV-1 disease: a systematic review. International reviews of immunology. Feb
2011;30(1):44-66.

Simoens S. Treatment of primary immunodeficiency with Kiovig: a literature review. Advances in
therapy. Mar 2010;27(3):142-149.

Moore ML, Quinn JM. Subcutaneous immunoglobulin replacement therapy for primary antibody
deficiency: advancements into the 21st century. Annals of allergy, asthma & immunology :
official publication of the American College of Allergy, Asthma, & Immunology. Aug
2008;101(2):114-121; quiz 122-113, 178.

Empson M, Sinclair J, O'Donnell J, Ameratunga R, Fitzharris P, Steele R. The assessment and
management of primary antibody deficiency. The New Zealand medical journal. Jun 4
2004;117(1195):U914.

Chen S, Dong Y, Yin Y, Krucoff MW. Intravenous immunoglobulin plus corticosteroid to prevent
coronary artery abnormalities in Kawasaki disease: a meta-analysis. Heart. Jan 2013;99(2):76-82.
Howell JE, Gulbis AM, Champlin RE, Qazilbash MH. Retrospective analysis of weekly intravenous
immunoglobulin prophylaxis versus intravenous immunoglobulin by IgG level monitoring in
hematopoietic stem cell transplant recipients. American journal of hematology. Feb
2012;87(2):172-174.

Shehata N, Palda VA, Meyer RM, et al. The use of immunoglobulin therapy for patients
undergoing solid organ transplantation: an evidence-based practice guideline. Transfusion
medicine reviews. Jan 2010;24 Suppl 1:57-s27.

Padua L, Sabatelli M, Evoli A, Pazzaglia C, Tonali P. Intravenous immunoglobulin treatment in
autoimmune neurological disorders--effects on quality of life. Human immunology. Apr
2005;66(4):417-421.

Anderson D, Ali K, Blanchette V, et al. Guidelines on the use of intravenous immune globulin for
hematologic conditions. Transfusion medicine reviews. Apr 2007;21(2 Suppl 1):59-56.
Intravenous immunoglobulin (IVIG) and recurrent spontaneous pregnancy loss. Fertility and
sterility. Nov 2006;86(5 Suppl 1):5226-227.

Barron SJ, Del Vecchio MT, Aronoff SC. Intravenous immunoglobulin in the treatment of
Stevens-Johnson syndrome and toxic epidermal necrolysis: a meta-analysis with meta-
regression of observational studies. International journal of dermatology. Jan 2015;54(1):108-
115.

Clark DA, Coulam CB, Stricker RB. Is intravenous immunoglobulins (IVIG) efficacious in early
pregnancy failure? A critical review and meta-analysis for patients who fail in vitro fertilization
and embryo transfer (IVF). Journal of assisted reproduction and genetics. Jan 2006;23(1):1-13.
Franco AC, Torrico AC, Moreira FT, Sa FP, D'Elia HV, Bernardo WM. Adjuvant use of intravenous
immunoglobulin in the treatment of neonatal sepsis: a systematic review with a meta-analysis.
Jornal de pediatria. Sep-Oct 2012;88(5):377-383.

Gajdos P, Chevret S. Treatment of myasthenia gravis acute exacerbations with intravenous
immunoglobulin. Annals of the New York Academy of Sciences. 2008;1132:271-275.

Gajdos P, Chevret S, Toyka K. Intravenous immunoglobulin for myasthenia gravis. Cochrane
Database Syst Rev. 2006(2):Cd002277.

Gajdos P, Chevret S, Toyka K. Intravenous immunoglobulin for myasthenia gravis. Cochrane
Database Syst Rev. 2008(1):Cd002277.

Huang YC, Li YC, Chen TJ. The efficacy of intravenous immunoglobulin for the treatment of toxic
epidermal necrolysis: a systematic review and meta-analysis. The British journal of dermatology.
Aug 2012;167(2):424-432.



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84,

85.

86.

87.

88.

89.

90.

91.

Hughes RA, Raphael JC, Swan AV, van Doorn PA. Intravenous immunoglobulin for Guillain-Barre
syndrome. Cochrane Database Syst Rev. 2006(1):Cd002063.

Hughes RA, Swan AV, Raphael JC, Annane D, van Koningsveld R, van Doorn PA. Immunotherapy
for Guillain-Barre syndrome: a systematic review. Brain : a journal of neurology. Sep 2007;130(Pt
9):2245-2257.

Hughes RA, Swan AV, van Doorn PA. Intravenous immunoglobulin for Guillain-Barre syndrome.
Cochrane Database Syst Rev. 2010(6):Cd002063.

Hughes RA, Swan AV, van Doorn PA. Intravenous immunoglobulin for Guillain-Barre syndrome.
Cochrane Database Syst Rev. 2012;7:Cd002063.

Hughes RA, Swan AV, van Doorn PA. Intravenous immunoglobulin for Guillain-Barre syndrome.
Cochrane Database Syst Rev. 2014;9:Cd002063.

Hutton B, Sharma R, Fergusson D, et al. Use of intravenous immunoglobulin for treatment of
recurrent miscarriage: a systematic review. BJOG : an international journal of obstetrics and
gynaecology. Feb 2007;114(2):134-142.

LiJ, ChenY, Liu C, Hu Y, Li L. Intravenous immunoglobulin treatment for repeated IVF/ICSI failure
and unexplained infertility: a systematic review and a meta-analysis. American journal of
reproductive immunology (New York, N.Y. : 1989). Dec 2013;70(6):434-447.

Lin L, Liu X, Wang D, Zheng C. Efficacy and safety of antiintegrin antibody for inflammatory
bowel disease: a systematic review and meta-analysis. Medicine. Mar 2015;94(10):e556.

Liu JP, Nikolova D, Fei Y. Immunoglobulins for preventing hepatitis A. Cochrane Database Syst
Rev. 2009(2):Cd004181.

Louis D, More K, Oberoi S, Shah PS. Intravenous immunoglobulin in isoimmune haemolytic
disease of newborn: an updated systematic review and meta-analysis. Archives of disease in
childhood. Fetal and neonatal edition. Jul 2014;99(4):F325-331.

Molnar AO, Fergusson D, Tsampalieros AK, et al. Generic immunosuppression in solid organ
transplantation: systematic review and meta-analysis. Bmj. 2015;350:h3163.

Ohlsson A, Lacy JB. Intravenous immunoglobulin for preventing infection in preterm and/or low
birth weight infants. Cochrane Database Syst Rev. 2013;7:Cd000361.

Ohlsson A, Lacy JB. Intravenous immunoglobulin for suspected or proven infection in neonates.
Cochrane Database Syst Rev. 2013;7:Cd001239.

Pons JM, Tebe C, Paladio N, Garcia-Altes A, Danes |, Valls ISA. Meta-analysis of passive
immunoprophylaxis in paediatric patients at risk of severe RSV infection. Acta paediatrica (Oslo,
Norway : 1992). Mar 2011;100(3):324-329.

Raanani P, Gafter-Gvili A, Paul M, Ben-Bassat |, Leibovici L, Shpilberg O. Immunoglobulin
prophylaxis in hematological malignancies and hematopoietic stem cell transplantation.
Cochrane Database Syst Rev. 2008(4):Cd006501.

Raanani P, Gafter-Gvili A, Paul M, Ben-Bassat |, Leibovici L, Shpilberg O. Immunoglobulin
prophylaxis in hematopoietic stem cell transplantation: systematic review and meta-analysis.
Journal of clinical oncology : official journal of the American Society of Clinical Oncology. Feb 10
2009;27(5):770-781.

Rogosnitzky M, Danks R, Holt D. Intravenous immunoglobulin for the treatment of Crohn's
disease. Autoimmunity reviews. Dec 2012;12(2):275-280.

Sakthiswary R, D'Cruz D. Intravenous immunoglobulin in the therapeutic armamentarium of
systemic lupus erythematosus: a systematic review and meta-analysis. Medicine. Oct
2014;93(16):e86.

Stephenson MD, Kutteh WH, Purkiss S, et al. Intravenous immunoglobulin and idiopathic
secondary recurrent miscarriage: a multicentered randomized placebo-controlled trial. Human
reproduction (Oxford, England). Sep 2010;25(9):2203-2209.



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.
110.

Turgeon AF, Hutton B, Fergusson DA, et al. Meta-analysis: intravenous immunoglobulin in
critically ill adult patients with sepsis. Annals of internal medicine. Feb 6 2007;146(3):193-203.
Shehata N, Palda V, Bowen T, et al. The use of immunoglobulin therapy for patients with
primary immune deficiency: an evidence-based practice guideline. Transfusion medicine
reviews. Jan 2010;24 Suppl 1:528-50.

Maarschalk-Ellerbroek LJ, Hoepelman IM, Ellerbroek PM. Immunoglobulin treatment in primary
antibody deficiency. International journal of antimicrobial agents. May 2011;37(5):396-404.
Qin YH, Zhou TB, Su LN, Lei FY, Zhao YJ, Huang WF. The efficacy of different dose intravenous
immunoglobulin in treating acute idiopathic thrombocytopenic purpura: a meta-analysis of 13
randomized controlled trials. Blood coagulation & fibrinolysis : an international journal in
haemostasis and thrombosis. Dec 2010;21(8):713-721.

Eftimov F, Winer JB, Vermeulen M, de Haan R, van Schaik IN. Intravenous immunoglobulin for
chronic inflammatory demyelinating polyradiculoneuropathy. Cochrane Database Syst Rev.
2013;12:CD001797.

Oates-Whitehead RM, Baumer JH, Haines L, et al. Intravenous immunoglobulin for the
treatment of Kawasaki disease in children. Cochrane Database Syst Rev. 2003(4):CD004000.
van Schaik IN, van den Berg LH, de Haan R, Vermeulen M. Intravenous immunoglobulin for
multifocal motor neuropathy. Cochrane Database Syst Rev. 2005(2):CD004429.

Dalakas MC. The use of intravenous immunoglobulin in the treatment of autoimmune
neuromuscular diseases: evidence-based indications and safety profile. Pharmacology &
therapeutics. Jun 2004;102(3):177-193.

Latov N, Chaudhry V, Koski CL, et al. Use of intravenous gamma globulins in neuroimmunologic
diseases. The Journal of allergy and clinical immunology. Oct 2001;108(4 Suppl):5126-132.
Stangel M, Hartung HP, Marx P, Gold R. Intravenous immunoglobulin treatment of neurological
autoimmune diseases. Journal of the neurological sciences. Jan 8 1998;153(2):203-214.

Feasby T, Banwell B, Benstead T, et al. Guidelines on the use of intravenous immune globulin for
neurologic conditions. Transfusion medicine reviews. Apr 2007;21(2 Suppl 1):S57-107.

Koleba T, Ensom MH. Pharmacokinetics of intravenous immunoglobulin: a systematic review.
Pharmacotherapy. Jun 2006;26(6):813-827.

Abolhassani H, Sadaghiani MS, Aghamohammadi A, Ochs HD, Rezaei N. Home-based
subcutaneous immunoglobulin versus hospital-based intravenous immunoglobulin in treatment
of primary antibody deficiencies: systematic review and meta analysis. Journal of clinical
immunology. Dec 2012;32(6):1180-1192.

Lingman-Framme J, Fasth A. Subcutaneous immunoglobulin for primary and secondary
immunodeficiencies: an evidence-based review. Drugs. Aug 2013;73(12):1307-1319.

Misbah SA. Should therapeutic immunoglobulin be considered a generic product? An evidence-
based approach. The journal of allergy and clinical immunology. In practice. Nov-Dec
2013;1(6):567-572.

Looney RJ, Huggins J. Use of intravenous immunoglobulin G (IVIG). Best practice & research.
Clinical haematology. 2006;19(1):3-25.

Lampiris HW, Maddix DS. Vaccines, Immune Globulins, & Other Complex Biologic Products. In:
Katzung BG, Trevor Al, eds. Basic & Clinical Pharmacology. 13th ed. New York, NY: McGraw-Hill;
2015.

Ballow M. Summary. Journal of clinical immunology. Sep 2012;32 Suppl 2:5409.

Lexi-Comp |, ed Drug Information Handbook. 21st ed. Hudson, OH: Lexi-Comp; 2014.



