
 

 

Service Line: Rapid Response Service 

Version: 1.0 

Publication Date: November 1, 2017 

Report Length: 49 Pages 
 

CADTH RAPID RESPONSE REPORT: 

PEER REVIEW WITH CRITICAL APPRAISAL 

Off-Label Use of Intravenous 
Immunoglobulin: A Review of 
Clinical Effectiveness



 

 
PEER REVIEW WITH CRITICAL APPRAISAL Of f -Label Use of  IVIG 2 

  

Authors: Dinsie Williams, Sarah Visintini 

Cite As: Of f -label use of  intrav enous immunoglobulin: a rev iew of  clinical ef f ectiveness Ottawa: CADTH; 2017 Nov . (CADTH rapid response report: summary  

with critical appraisal). 

Acknowledgments:  

ISSN: 1922-8147 (online) 

Disclaimer: The inf ormation in this document is intended to help Canadian health care decision-makers, health care prof essionals, health sy stems leaders, 

and policy -makers make well-inf ormed decisions and thereby  improv e the quality  of  health care serv ices. While pat ients and others may  access this document, 

the document is made av ailable f or inf ormational purposes only  and no representations or warranties are made with respect to its f itness f or any  particular 

purpose. The inf ormation in this document should not be used as a substitute f or prof essional medical adv ice or as a substitute f or the application of  clinical 

judgment in respect of  the care of  a particular patient or other prof essional judgment in any  decision-making process. The Canadian Agency  f or Drugs and 

Technologies in Health (CADTH) does not endorse any  inf ormation, drugs, therapies, treatments, products, processes, or serv ic es. 

While care has been taken to ensure that the inf ormation prepared by  CADTH in this document is accurate, complete, and up-to-date as at the applicable date 

the material was f irst published by  CADTH, CADTH does not make any  guarantees to that ef f ect. CADTH does not guarantee and is  not responsible f or the 

quality , currency , propriety , accuracy, or reasonableness of  any  statements, information, or conclusions contained in any  third-party  materials used in preparing 

this document. The v iews and opinions of  third parties published in this document do not necessarily  state or ref lect those of  CADTH. 

CADTH is not responsible f or any  errors, omissions, injury , loss, or damage arising f rom or relating to the use (or misuse) of  any  inf ormation, statements, or 

conclusions contained in or implied by  the contents of  this document or any  of  the source materials.  

This document may  contain links to third-party  websites. CADTH does not hav e control ov er the content of  such sites. Use of  third-party  sites is gov erned by  

the third-party  website owners’ own terms and conditions set out f or such sites. CADTH does not make any  guarantee with respect to any  inf ormation 

contained on such third-party  sites and CADTH is not responsible f or any  injury , loss, or damage suf f ered as a result of  using such third-party  sites. CADTH 

has no responsibility  f or the collection, use, and disclosure of  personal inf ormation by  third-party  sites. 

Subject to the af orementioned limitations, the v iews expressed herein are those of  CADTH and do not necessarily  represent the v iews of  Canada’s f ederal, 

prov incial, or territorial gov ernments or any  third party  supplier of  inf ormation. 

This document is prepared and intended f or use in the context of  the Canadian health care sy stem. The use of  this document outside of  Canada is done so at 

the user’s own risk. 

This disclaimer and any  questions or matters of  any  nature arising f rom or relating to the content or use (or misuse) of  this document will be gov erned by  and 

interpreted in accordance with the laws of  the Prov ince of  Ontario and the laws of  Canada applicable therein, and all proceedings shall be subject to the 

exclusiv e jurisdiction of  the courts of  the Prov ince of  Ontario, Canada. 

The copy right and other intellectual property  rights in this document are owned by  CADTH and its licensors. These rights are protected by  the Canadian 

Copyright Act and other national and international laws and agreements. Users are permitted to make copies of  this document f or non-commercial purposes 

only , prov ided it is not modif ied when reproduced and appropriate credit is giv en to CADTH and its licensors.  

About CADTH: CADTH is an independent, not-f or-prof it organization responsible f or prov iding Canada’s health care decision-makers with objectiv e ev idence 

to help make inf ormed decisions about the optimal use of  drugs, medical dev ices, diagnostics, and procedures in our health care sy stem. 

Funding: CADTH receiv es f unding f rom Canada’s f ederal, prov incial, and territorial gov ernments, with the exception of  Quebec.  



 

 
PEER REVIEW WITH CRITICAL APPRAISAL Of f -Label Use of  IVIG 3 

Context and Policy Issues 

Immunoglobulin (also referred to as immune globulin or gamma globulin) is a sterile, 

purified blood product pooled from the plasma of thousands of healthy donors.
1-3

 

Immunoglobulin may be used as a replacement therapy for patients with primary or 

secondary antibody deficiency,
4
 as an immunomodulatory agent,

5
 or for treatment or 

prophylaxis of systemic inflammation.
4,5

 Immunoglobulin contains Aβ-antibodies, which help 

patients regain normal immunoregulation and immune homeostasis,
3,6

 and immunoglobulin 

may be administered as intravenous immunoglobulin (IVIG) or as subcutaneous 

immunoglobulin (SCIG).  

IVIG products vary in composition, with “standard” IVIG containing 90-98% immunoglobulin-

G (IgG) and polyclonal IVIG containing various proportions of IgG, IgM, and IgA.
6,7

 

Polyclonal IVIG may be contraindicated in some patients who may, for example, experience 

anaphylactic shock when injected with trace amounts  of IgA antibodies.
6
  

In Canada, various preparations of immunoglobulin are approved specifically for use in 

patients with one or more of the following six conditions: primary immune deficiency, 

immune thrombocytopenic purpura, secondary immune deficiency states, chronic 

inflammatory demyelinating polyneuropathy, Guillain-Barré Syndrome, and multifocal motor 

neuropathy.
8
 As well, the products approved for use in Canada are Flebogamma, Octagam 

and WinRho SDF.
8
 Others approved for marketing are Atgam, Cytogam, Gammagard, 

Gamunex, Hepagam B, Igivnex, Panzyga, Privigen, and Varizig.
9
  

In recent years, IVIG has increasingly been considered for or used “off-label” for other 

conditions. These “off-label” conditions include, but are not limited to, treatment or 

prophylaxis for Alzheimer’s disease,
3,5

 drug-resistant epilepsy,
1,5

 influenza,
10

 sepsis or 

septic shock syndrome,
11

 and for adverse effects of allogeneic bone marrow or stem cell 

transplantation.
5
 These conditions vary widely in etiology and the mechanism of action for 

IVIG in each treatment is not yet clearly understood.
12

 

Alzheimer’s disease is the most common form of dementia, a neurological condition that is 

typically observed in the elderly.
13

 Dementia causes impairment in memory, language, 

reasoning and judgment, and visual perception.
14

 It has been suggested that IVIG may 

supplement the low levels of Aβ-antibodies observed in patients with Alzheimer’s disease.
13

 

Further, epilepsy is a neurological condition that causes seizures.
1
 IVIG may be useful in 

patients with epilepsy because the condition is associated with decreased levels of 

immunoglobulin and increased levels of antibodies.
1
 The potential for IVIG as treatment is 

particularly important for up to 30% of the epilepsy population whose condition is resistant 

to anti-epileptic drugs.
1
 With respect to influenza, high levels of fatality in pregnant and 

obese patients with A(H1N1) influenza were linked to abnormal immunoregulation, and 

plasma from convalescent patients was suggested as treatment for patients with severe 

H5N1 in 2009.
10

 Sepsis is defined as systemic inflammatory response to infection.
15,16

 

Severe sepsis may result in organ failure, hypoperfusion, hypotension, and cognitive 

decline, and in its advanced form (i.e., septic shock, hypotension may persist despite 

adequate fluid resuscitation).
15,16

 The antibacterial and anti-inflammatory attributes of IVIG 

therapy may be helpful for patients with these conditions. Finally, IVIG may be used as a 

prophylaxis against infection, a common outcome in patients receiving bone marrow or 

stem cell transplantation.
7
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Given the conflicting evidence on the mechanism of action of IVIG, and a number of 

associated adverse events, it is critical to understand and better manage off-label uses of 

IVIG.
3
  

The purpose of this report is to provide a synthesis of the available evidence on the clinical 

effectiveness of IVIG for the following selected uses that are considered off-label in 

Canada: the treatment or prophylaxis for Alzheimer’s disease, epilepsy, influenza, sepsis or 

septic shock syndrome, and adverse effects of allogeneic bone marrow or stem cell 

transplantation. This report is an update of a 2009 CADTH Rapid Response, “Intravenous 

Immunoglobulin: Evidence for Clinical Effectiveness of Off-Label Use.”
17

 

Research Question 

What is the clinical effectiveness of IVIG for off-label uses? 

Key Findings 

Results in some studies suggested that IVIG reduced all-cause mortality in patients with 

sepsis or septic shock, but the quality of evidence for both adults and neonates was 

considered low. Whereas the findings in other studies  failed to demonstrate that IVIG had a 

statistically significant impact on these patient populations. There was insufficient evidence 

to assess the effectiveness of IVIG used to treat patients with Alzheimer’s disease, bone 

marrow or stem cell transplantation, epilepsy,
1
 or influenza.  

Methods 

Literature Search Methods 

A limited literature search was conducted on key resources including PubMed, The 

Cochrane Library, University of York Centre for Reviews and Dissemination (CRD) 

databases, Canadian and major international health technology agencies, as well as a 

focused Internet search. Methodological filters were appl ied to limit retrieval to health 

technology assessments, systematic reviews, meta-analyses, randomized controlled trials, 

and non-randomized studies. Where possible, retrieval was limited to the human 

population. The search was also limited to English language documents published between 

January 1, 2009 and October 3, 2017. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, titles 

and abstracts were reviewed and potentially relevant articles  were retrieved and assessed 

for inclusion. The final selection of full-text articles was based on the inclusion criteria 

presented in Table 1. 

 



 

 
PEER REVIEW WITH CRITICAL APPRAISAL Of f -Label Use of  IVIG 5 

 

 

 

Table 1: Selection Criteria 

Population Patients any age with the following conditions that are not approved indications for IVIG:  

 Alzheimer’s Disease 

 Sepsis, Septic Shock Syndrome, Toxic Shock Syndrome 

 Influenza 

 Epilepsy 

 Bone marrow transplantation, stem cell transplantation 

Intervention Human IVIG or SCIG products, including but not limited to those available in Canada, with or without 
corticosteroids or other immunomodulation therapy 

Comparator Active treatment, placebo, no treatment 

Outcomes Clinical benefits and harms 

Study Designs Health technology assessments, systematic reviews, meta-analyses, and randomized controlled trials
a 

IVIG = intrav enous immunoglobulin; SCIG = subcutaneous immunoglobulin 

a 
Non-randomized comparativ e studies were excluded in the selection criteria because the v olume of  studies could not be rev iewed in the time allotted. 

Exclusion Criteria 

Articles were excluded if they did not meet the selection criteria outlined in Table 1, or they 

were duplicate publications. Systematic reviews, meta-analyses, and primary studies were 

excluded if they were published prior to 2009. Non-randomized comparative studies, and 

primary studies without a comparator group (i.e., case reports, case series, and before-and-

after studies) were also excluded. A list of case reports and case series is provided in 

Appendix 5 - Additional References of Potential Interest. 

Critical Appraisal of Individual Studies 

The included systematic reviews were critically appraised using the AMSTAR checklist,
19

 

and the Downs and Black checklist was used for quality assessment of randomized 

controlled studies.
12

 Summary scores were not calculated for the included studies; rather, a 

review of the strengths and limitations of each included study were described narratively. 

Summary of Evidence 

Quantity of Research Available 

A total of 675 citations were identified in the literature search. Following screening of titles 

and abstracts, 649 citations were excluded and 26 potentially relevant reports from the 

electronic search were retrieved for full-text review. One potentially relevant publication was  

retrieved from the grey literature search. Of these 27 potentially relevant articles, 16 

publications were excluded for various reasons, while 11 publications, including one health 

technology assessment (HTA),
20

 four systematic reviews,
1,16,21,22

 and six randomized 

controlled trials (RCTs)
7,10,11,13,18,23

 met the inclusion criteria for this report. Appendix 1 

describes the PRISMA flowchart of the study selection. 
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Summary of Study Characteristics 

The body of evidence included one HTA,
20

 four systematic reviews and meta-

analyses,
1,16,21,22

 and six RCTs,
7,10,11,13,18,23

 addressing the effectiveness of IVIG in patients 

with Alzheimer’s disease,
10,13,23

 bone marrow or stem cell transplantation,
7
 epilepsy,

1
 

influenza,
18

 and sepsis or septic shock.
11,16,20-22

 Results from the systematic review section 

only of the HTA are presented in this report.
20

 Study characteristics were summarized 

below. More details are available in Appendix 2: Table 2 and Table 3. 

Study Design 

HTA and Systematic Reviews 

The HTA
20

 and all of the systematic reviews
1,16,21,22

 performed comprehensive searches in 

two or more electronic bibliographic databases. In addition, they all specified the eligibility 

criteria for participants, interventions, comparators, and outcomes, included RCTs only, 

assessed the quality of the included studies, and used meta-analyses to synthesize data 

from their included studies. The quality of the included studies was assessed using the 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

Working Group’s grades of evidence in three reviews.
1,16,22

 In the HTA and the fourth 

systematic review,
21

 the quality of included studies was evaluated by assessing adequacy 

of concealment of allocation, blinding or randomization, presence of an intention-to-treat 

analysis, and funding of the trial by industry sponsors. A Jadad score was calculated where 

5 represented the best quality,
20

 greater than or equal to 3 represented high quality
21

 and a 

score less than or equal to 2 represented low quality.
21

 The HTA included seventeen 

relevant RCTs,
20

 while the systematic reviews included one,
1
 six,

22
18,

21
 and 43

16
 relevant 

RCTs. The number of patients enrolled in the RCTs were 61,
1
 2360,

21
 651,

22
 and 19202,

16
 

respectively. Thirteen of seventeen RCTs included in the HTA were also included in one 

systematic review.
16

 While the systematic review included RCTs with no treatment or 

placebo in the comparator arm, the HTA included RCTs with another IVIG in the 

comparator arm. 

RCTs 

Five of the included RCTs were multi-centre trials,
10,11,13,18,23

 five were double-

blinded,
10,11,13,18,23

 and four were placebo-controlled.
10,11,13,23

 Sample sizes ranged from 

35
18

 to 3493 patients,
11

 and follow up times ranged from 21 days
18

 to two years.
11

 

Year of Publication and Country of Origin 

Systematic Reviews 

The HTA was published by authors located in the United Kingdom
20

 while the included 

systematic reviews were written by authors located in China ,
1
 in Italy,

21
 in United Kingdom 

and United States,
22

 and in the Philippines.
16

 The publication years ranged from 2012
20

 to 

2017.
1
  

RCTs 

One RCT each enrolled patients in Hong Kong,
18

 Turkey,
7
 United States,

23
 Canada and the 

United States,
10

 Germany and the United States.
13

 Another RCT enrolled patients in nine 

countries, namely, Argentina, Australia, Belgium, Denmark, Greece, Ireland, New Zealand, 

Serbia, and the United Kingdom.
11

 The publication years ranged from 2011
11

 to 2017.
10,23
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Patient Population 

HTA and Systematic Reviews 

The HTA and three of the systematic reviews focused on sepsis or septic shock,
16,20-22

 

while the remaining systematic review focused on patients with epilepsy.
1
 The patient 

population was limited to adult patients (with adult defined as at least 18 years old,
20

 or not 

defined
21

), and neonates (i.e., less than 28 days old, at any gestational age or birth weight) 

with confirmed or suspected sepsis or with necrotizing enterocolitis (i.e., Bell’s stage 2 or 

3),
22

 in one study each. The remaining two reviews did not limit patients to a specific 

age.
1,16

 

RCTs 

Three RCTs enrolled adults with Alzheimer’s Disease,
10,13,23

 one enrolled children treated 

with allogeneic bone marrow or hematopoietic stem cell transplantation for infection,
7
 one 

enrolled adults older than 18 years of age with H1N1 Influenza,
18

 and one enrolled newborn 

infants receiving antibiotics for proven or suspected sepsis.
11

 

Interventions and Comparators 

HTA and Systematic Reviews 

The HTA included standard polyclonal IVIG and IgM-enriched polyclonal IVIG in the 

intervention arm and another IVIG, no intervention, or placebo in the comparator arm.
20

 

Three
1,16,21

 of the systematic reviews included studies that used IVIG (either standard alone 

or with IgM-enriched IVIG) as the primary intervention. In one review, IVIG was an add-on 

to antiepileptic drugs.
1
 The comparators for IVIG were placebo as an add-on to standard 

epileptic drugs,
1
 no intervention,

16,21
 and/or placebo,

16,21
 In the fourth systematic review, 

IgM-enriched IVIG was a comparator to Pentoxifylline.
22

 Both were used as adjunctive 

treatment to antibiotics in the treatment of sepsis. 

The brandname of the interventions that were disclosed in the studies included: BI61011 

IVIG,
1
 Pentaglobin,

20,21
  Sandoglobulin,

16,20,21
 Endobulin,

16,20,21
 Intraglobin,

16,20,21
 Pepsin-

treated Gamma venin,
20,21

 Polyglobin N,
20,21

 and Gammimune N 10%.
20,21

 The HTA and 

one systematic review included RCTs that did not specify the brand name of the IVIG 

formulation.
1,20

 Pentaglobin was the comparator IVIG in the fourth review.
22

 

RCTs 

Two of the three studies that enro lled patients with Alzheimer’s D isease used IVIG 

manufactured by Octapharma as the intervention and 0.9% Sodium Chloride placebo as 

the comparator.
13,23

 In one of these two studies the brand name, Octagam 10% was 

disclosed.
13

 The third study involving patients with Alzheimer’s Disease used Gammagard 

as the intervention and low dose albumin as the comparator.
10

 The study with patients who 

underwent bone marrow transplantation compared prophylactic standard IVIG in the 

intervention arm with IgM-enriched IVIG (i.e., Pentaglobin) in the comparator arm.
7
 The 

source of the standard IVIG was not disclosed. Patients with influenza were treated with 

hyperimmune IVIG in the intervention arm and IVIG in the comparator arm.
18

 Neither brand 

name was disclosed although the manufacturer was listed as BioCSL (formerly CSL 

Biotherapy). Neonates with suspected or proven sepsis were treated with polyvalent IgG 

(i.e., Intagram) in the intervention arm and normal saline or 0.2% albumin solution in normal 

saline in the comparator arm.
11 
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Outcomes 

Alzheimer’s Disease 

Outcomes of interest in patients with Alzheimer’s Disease were  the brain atrophy rate,
10,13,23

 

change in cognitive and functional performance,
10,13,23

 the incidence of conversion to 

dementia,
23

 and adverse events.
10,13,23

  

Brain atrophy 

Brain atrophy was measured by the annualized percentage change in ventricular volume 

(APCV),
23

 change in lateral ventricular volume,
10

 change in whole brain volume,
10,13

 and 

change in hippocampal volume.
10,13

 

Change in cognitive and functional performance 

Change in cognitive and functional performance was measured with a variety of scales: the 

cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-cog),
10,13,23

 

Alzheimer’s Disease Cooperative Study–Activities of Daily Living scale (ADCS-ADL),
10,13

 

Alzheimer’s Disease Cooperative Study Clinician’s Global Impression of Change (ADCS-

CGIC),
10

 Mini-Mental-State-Examination (MMSE),
13,23

 modified MMSE,
10

 CDR-SOB,
13,23

 

undisclosed psychological tests,
10

, Neuropsychiatric Inventory (NPI),
10

, and Quality of Life 

in Alzheimer’s Disease (QOL-AD).
10

 Modified MMSE was measured on a 100-point scale 

with lower scores indicating greater impairment.
10

 All other scales were not described.
10,13,23

 

Incidence of conversion from mild cognitive impairment to dementia 

The incidence of conversion from mild cognitive impairment (MCI) to dementia was based 

on the National Institute of Neurological and Communicative Disorders and Stroke and the 

Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) and National 

Institute on Aging-Alzheimer’s Association (NIA-AA) criteria for the diagnosis of Alzheimer’s 

Disease and the Clinical Dementia Rating (CDR) global score.
23

 Early MCI was defined as 

a CDR-sum of boxes (CDR-SOB) of ≤ 1.0 to reflect the earliest stages of decline.
23

 

Adverse events 

Adverse events were reported as minor or serious according to severity. 

Bone marrow or stem cell transplantation 

One RCT
7
 that enrolled children only reported on incidence of the infection and associated 

conditions such as fever of unknown origin, Epstein-Barr Virus (EBV), cytomegalovirus 

(CMV) reactivation and disease and adverse events.  

Infection and associated conditions 

There were multiple types of infections reported. Bacteremia was diagnosed when a 

pathogenic organism was isolated from at least one blood culture in a patient who had fever 

or other signs of infection. Septicemia was diagnosed in patients with bacteremia who also 

had hypotension. Local infections were diagnosed through microbiology tests (i.e., positive 

culture from a site with signs and symptoms of infection) or through clinical assessment 

(i.e., signs and symptoms of infection at a site with negative cultures). Local infections 

included, invasive fungal infections, which were defined as proven, probable, or possible 

according to the European Organisation for Research and Treatment of Cancer/Mycoses 

Study Group criteria. Fever of unknown origin was defined when persistent fever was 
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observed for at least 72 hours in the absence of positive clinical, radiologic or microbiologic 

evidence of infection. The incidence of EBV was reported although it was not described as 

a pre-specified outcome. CMV reactivation was defined as detection of CMV by polymerase 

chain reaction testing or the detection of an antigen in the blood.
7
 

Adverse events 

The adverse events were veno-occlusive disease and graft-versus-host disease (GVHD). 
7
 

The established consensus criteria that were used to diagnose and grade GVHD were 

referenced but not described in the study.
7
 

Epilepsy 

The relevant outcomes that were reported in one systematic review were satisfactory 

seizure control, global assessment, dropout or withdrawal rates, and adverse events for 

patients with epilepsy.
1
 Satisfactory seizure control was defined as ≥ 50% reduction in 

seizure frequency by the sixth month following the first infusion compared with the four 

weeks before inclusion in the study.
1
 Global assessment was defined as a composite of 

reduction in the number and severity of seizures, evolution of electroencephalography, 

interictal status and perception of patients and caregivers , among other undisclosed 

parameters.
1
 Dropout or withdrawals were due to side effects, lack of efficacy, or other 

reasons.
1
 Adverse events were reported as described in the included RCT.

1
 

Influenza 

One RCT
18

 that enrolled adults only with severe A(H1N1) infection reported on mortality 

rate and incidence of adverse events. The types of adverse events sought were not 

described.
18

 

Sepsis or septic shock 

The HTA and three systematic reviews reported on all-cause mortality,
16,20-22

 and one 

systematic review reported on disease-related mortality.
16

 One systematic review and a 

standalone RCT reported on incidence of necrotizing enterocolitis.
11,22

 The HTA, one 

systematic review, and one RCT reported on incidence of adverse events.
11,16,20

 In addition, 

the standalone RCT reported on combined mortality and disability rates, major cerebral 

abnormality, incidence of confirmed sepsis after trial entry, pneumonia, and chronic lung 

disease.
11

 

Mortality (all-cause and disease-related) 

Definitions for all-cause mortality,
16,20-22

 and disease-related mortality
16

 were not provided. 

Disability 

Major disability was defined according to pre-specified criteria in the following domains: 

neuromotor function, seizures, auditory function, communication, visual function, cognitive 

function, and other physical disability.
11

 Cognitive function was assessed on the basis of 

parental reports with the use of the Parent Report of Children’s Abilities -Revised Composite 

(i.e., on a scale of 0 to 158, with higher scores indicating higher cognitive function). Scores 

< 31 were used to identify cases of major cognitive delay. Scales used to measure other 

aspects of major disability were not described.  
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Necrotizing enterocolitis  

Necrotizing enterocolitis was diagnosed as either definite or perforated (i.e., Bell’s stage 2 

or 3).
22

  

Chronic lung disease 

Chronic lung disease was recorded when patients were dependent on oxygen 28 days after 

birth.
11

 

Definitions of major cerebral abnormality, confirmed sepsis after trial entry, and pneumonia 

were not provided.
11

 

Adverse events 

Adverse events were reported as described in the included RCTs.
16,20

 The standalone RCT 

reported on adverse events although they were not described as pre-specified outcomes.
11

 

Summary of Critical Appraisal 

Detailed summaries of the critical appraisal of the included systematic reviews and RCTs 

are provided in Appendix 3: Table 4 and Table 5 respectively. 

Systematic Reviews 

No limitations were identified in the systematic review on patients with epilepsy
1
 and one of 

the three systematic reviews on patients with sepsis.
16

 In all of the included systematic 

reviews, an a priori design was described, a comprehensive literature search was 

conducted in multiple databases, the findings of the included studies were com bined using 

appropriate methods, the quality of the included RCTs and the likelihood of publication bias 

were assessed, the results of quality appraisal were reported, and a conflict of interest 

declaration was disclosed.
1,16,21,22

 All but one
21

 of the systematic reviews provided a list of 

the excluded studies, stated that the studies were selected and data was extracted by two 

independent reviewers, and described the review’s source(s) of funding.
1,16,20,22

  

RCTs 

The study objectives, eligibility criteria, interventions, main outcome measures, and the 

characteristics of study groups were described in all six included RCTs.
7,10,11,13,18,23

 The 

RCTs used reliable and valid outcome measures, used appropriate statistical tests, and 

reported the point estimates of the effects with the estimates of random variability. In five 

RCTs, patients, clinicians, clinical evaluators, and caregivers (if needed) were blinded to 

the study interventions.
10,11,13,18,23

 In the sixth RCT, clinical evaluation was performed in a 

blinded fashion, but details were not provided regarding whether all those who were 

involved in the administration and evaluation of the study were blinded.
7
 Two RCTs 

presented potential confounders, such as onset of treatment, duration of treatment, and 

viral load.
18,23

 In three RCTs, patients in the intervention and comparator groups  were 

recruited from the same populations.
7,18,23

 In two RCTs, patients were recruited from two 

countries,
10,13

 while in the sixth RCT, patients were recruited from nine countries.
11

 Two 

RCTs calculated and met the sample size requirements for 80% statistical power to detect 

the differences between study groups .
10,11

 In one RCT, the sample size for 82% statistical 

power was calculated but not met,
23

 and in the remaining RCTs, a priori sample size 

calculations were not described.
13,18

 None of the relevant RCTs described the 

characteristics of the participants who were lost to follow up.
10,11,13,18,23

 For the primary and 
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secondary analyses of efficacy, analysis of covariance models were employed to assess 

change in the intent-to-treat population from baseline to 18 months on the ADAS-Cog and 

ADCS-ADL scales.
10

 None of the other RCTs discussed intent-to-treat analysis. 

Summary of Findings 

The overall findings of the review are summarized below. Additional details are available in 

Appendix 4: Table 6 and Table 7.  

What is the clinical effectiveness of IVIG for off-label uses in patients of any age? 

Alzheimer’s disease  

Three RCTs studied the impact of IVIG on patients with Alzheimer’s Disease.
10,13,23

  

Brain atrophy 

When compared with placebo, IVIG in adults with MCI was associated with lower APCV 

(indicating less atrophy) at both 12 and 24 months follow up from baseline.
23

 The difference 

reached statistical significance only at 12 months when the interaction between study group 

and MCI status was considered (p=0.037).
23

 In adults with mild to moderate Alzheimer’s 

Disease
10

 or probable Alzheimer’s Disease,
13

 IVIG had no impact on ventricular volume,
10

 

or hippocampal or whole brain volumes,
10,13

 relative to placebo. 

Change in cognitive and functional performance  

Patients with MCI, who were treated with IVIG, appeared to have higher (i.e., worse) ADAS-

Cog, MMSE, and CDR-SOB scores at baseline and at both 12 and 24 months follow up.
23

 

IVIG results were favourable in the late MCI group when the interaction between group and 

MCI status was considered.
23

 Importantly, the impact measured with CDR-SOB lost 

significance at 24 months.
23

 Results for the early MCI group were not discussed. In another 

group of patients with probably mild to moderate Alzheimer’s Disease receiving 0.2 grams 

per kilogram (g/kg) of bodyweight IVIG, 0.4 g/kg bodyweight IVIG, or placebo, no 

differences were observed in changes to any cognitive or functional measure (e.g., ADAS-

Cog, ADCS-ADL, ADCS-CGIC, MMSE, NPI, and QOL-AD).
10

 In another study that 

measured outcomes at 12 and 24 weeks from baseline, no statistically significant 

differences were found in changes to any cognitive or functional measure in eight groups of 

patients with probable Alzheimer’s Disease, who were treated with different doses of IVIG 

or placebo.
13

 When the IVIG groups were combined, there was a statistically significant 

difference in CDR-SOB measurements in favour of the placebo group.
13

 

Incidence of conversion from MCI to dementia 

Fewer patients converted from LMCI to dementia at both 12 and 24 months follow up when 

treated with IVIG compared to those on placebo.
23

 The statistical significance of the 

differences between groups was not reported. Conversion rates were not reported for early 

MCI patients. 

Adverse events 

Although adverse events were reported in the study that enrolled patients with MCI, none 

were serious.
23

 No cerebral microhemorrhage or vasogenic edema were reported.
23

 In 

patients with mild or moderate Alzheimer’s Disease, those treated with 0.2 g/kg or 0.4 g/kg 

bodyweight of IVIG had a higher incidence of serious rash but lower incidences of 
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hospitalization, renal failure, venous thromboembolic events, or upper respiratory infection, 

compared with patients on placebo.
10

 Those treated with 0.2 g/kg bodyweight of IVIG had a 

comparable mortality rate with those on placebo while those treated with 0.4 g/kg 

bodyweight of IVIG had a lower mortality rate compared with those on placebo.
10

 None of 

the differences in incidence was statistically significant between groups.
10

 The incidence of 

arterial thrombosis and microhemorrhages were comparable.
10

 In patients with probable 

Alzheimer’s Disease, there was no difference in the incidence of at least one adverse event 

in the combined IVIG groups compared with the placebo groups.
13

 However, the incidence 

of at least one serious adverse event was 9.5% in the combined IVIG groups compared 

with 28.6% in the placebo groups.
13

 The statistical significance of this difference in 

incidence of at least one serious adverse event between the IVIG and placebo groups  was 

not reported. 

Bone marrow or stem cell transplantation 

One RCT studied 59 children with bone marrow or stem cell transplantation.
7
 

Infection 

The incidences of septicemia, local infection, fever of unknown origin, EBV and CMV 

reactivation were higher in 27 children treated with IVIG compared with 32 children on 

Pentaglobin.
7
 The incidences of bacteremia and CMV disease were lower in the children 

who were treated with IVIG.
7
 None of the differences were statistically significant.

7
 

 

Adverse events 

The children on IVIG had lower incidences of veno-occlusive disease  and graft-versus-host 

disease but neither of the differences were statistically significant.
7
 

Epilepsy 

One systematic review reported on findings from one RCT that enrolled 61 patients with 

partial or generalized refractory epilepsy. Forty-three of the patients were treated with IVIG, 

while 18 were placed on placebo. 

Satisfactory seizure control 

There was no statistically significant difference between the groups in the proportion of 

patients who regained satisfactory seizure control after 6 weeks of treatment.
1
  

Global assessment 

The results indicate that there was statistically better management of epilepsy with IVIG 

than with placebo.
1
 

Adverse events 

No adverse events were reported.
1
 

Dropout or withdrawal 

One patient dropped out due to side effects that were possibly related to treatment with 0.1 

g/kg bodyweight of IVIG.
1
  

Influenza 

One RCT studied 34 adults with severe A(H1N1) infection.
18
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Mortality rate 

There was no difference in mortality rate in 17 patients treated with hyperimmune IVIG 

compared with 17 patients treated with standard IVIG.
18

 A subgroup analysis of patients 

who received treatment within 5 days of symptom onset suggested that none of 12 patients 

on hyperimmune IVIG died while 4 out of 10 patients on standard IVIG died. The difference 

was statistically significant (p=0.04).
18

 

Adverse events 

No treatment-related adverse events were reported.
18

 

Sepsis or septic shock 

One HTA,
20

 three systematic reviews
16,21,22

 and one RCT
11

 reported on patients with sepsis 

or septic shock.  

All-cause mortality 

Adults: When compared with placebo or no treatment, two meta-analyses of RCTs found 

that polyclonal IVIG or IgA-IgM-enriched IVIG significantly reduced all-cause mortality rates 

in adult patients with sepsis in 28 or 30 days.
16,21

 The results did not change when standard 

polyclonal IVIG and IgM-enriched IVIG were analyzed separately.
16

 However, when 

sensitivity analysis was done or when measurements were made after 60 days and after 

180 days, the difference in all-cause mortality rate was no longer statistically significant.
16

 A 

meta-analysis that encompassed RCTs with follow up times ranging from 7 to 70 days (also 

including measurements taken on discharge from critical care) showed a reduction in the 

odds of mortality with polyclonal IVIG or IgA-IgM-enriched IVIG relative to placebo or no 

treatment.
20

 In one RCT, there was no statistically significant difference in all-cause 

mortality rates of infants on antibiotics , who were treated with IVIG, compared with placebo, 

either during hospital stay or after two years .
11

  

Neonates: One meta-analysis confirmed that polyclonal IVIG had no impact on all -cause 

mortality rates in neonates with sepsis within 30 days, but sub-group analyses showed that 

IgM-enriched polyclonal IVIG reduced all-cause mortality rates relative to placebo.
16

 No 

difference was observed in the relative risk of all-cause mortality rates during hospital stay 

in neonates on antibiotics who were treated with IgM-enriched IVIG compared with 

Pentoxifylline.
22

  

Sepsis- or septic shock-related mortality (short-term) 

Polyclonal IVIG, relative to no intervention or placebo, significantly reduced short-term 

disease-related mortality rates in adults, although there was some degree of heterogeneity 

(I
2
=66%; p=0.03) across the four included RCTs.

16
 Polyclonal IVIG had no relative impact 

on neonates.
16

 The HTA
20

 and one RCT
11

 reported death as an adverse event.  
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Major disability 

There was no statistically significant difference in the incidence of major disability in 1437 

infants on antibiotics who were treated with IVIG compared with 1428 who were on 

placebo.
11

 

Major cerebral abnormality 

There was no statistically significant difference in the incidence of major cerebral 

abnormality in 1759 infants on antibiotics who were treated with IVIG compared with 1734 

who were on placebo.
11

 

Confirmed sepsis after trial entry 

There was no statistically significant difference in the incidence of confirmed sepsis after 

trial entry in 1759 infants on antibiotics who were treated with IVIG compared with 1734 

who were on placebo.
11

 

Pneumonia 

There was no statistically significant difference in the incidence of pneumonia in 1759 

infants on antibiotics who were treated with IVIG compared with 1734 who were on 

placebo.
11

 

Necrotizing enterocolitis 

There was no difference in the risk of developing necrotizing enterocolitis in 51 neonates 

treated with IgM-enriched IVIG compared with 51 neonates treated with Pentoxifylline.
22

 

There was no statistical significant difference in incidence of necrotizing enterocolitis in 

1759 infants on antibiotics who were treated with IVIG compared with 1734 who were on 

placebo.
11

 

Chronic lung disease 

There was no statistically significant difference in the incidence of chronic lung disease in 

1394 infants on antibiotics who were treated with IVIG compared with 1391 who were on 

placebo. 
11

 

Adverse events 

IVIG-related adverse events in adults with septic shock were allergic reactions,
16,20

 skin 

reactions,
16,20

 significant bleeding,
20

 pruritus,
16

 nausea and vomiting,
16,20

 congestion,
16

 

shock,
16,20

 fever and chills ,
16,20

 and death.
20

 There was significant overlap in the RCTs that 

were included in the HTA
20

 and a systematic review.
16

 The HTA also reported significant 

bleeding, skin reactions, and death that were not IVIG related.
20

 In neonates, 

hypotension,
16

 hypoglycemia,
16

 and death
11

 were reported as IVIG-related adverse events. 

Limitations 

There are a number of limitations with the evidence on the use of IVIG stemming primarily 

from the diversity in the five off-label uses covered in this report: Alzheimer’s disease, bone 

marrow or stem cell transplantation, epilepsy, influenza, and sepsis or septic shock. First, 

the populations typically affected by the various conditions span the age spectrum, from 

neonates and infants with sepsis
11,22

 to adults with Alzheimer’s  disease.
10,13,23

 IVIG may 

affect patients in these age groups differently. Second, the outcomes of interest for the five 
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conditions vary widely from cognitive and functional performance in Alzheimer’s disease to 

incidence of graft-versus-host disease in patients with bone marrow transplantations or 

necrotizing enterocolitis  in patients with sepsis. These outcomes require diverse measures 

and methods of assessments, such as qualitative evaluations of cognitive skills  deemed as 

subjective to quantitative laboratory tests . Third, given the range of ages and the variety of 

conditions, the follow up times for observing the outcomes of interest ranged from days and 

weeks for neonates and adults with sepsis to months and years for adults with Alzheimer’s  

disease. The heterogeneity in the populations, interventions, comparators, outcomes, and 

follow up times precluded us from drawing firm conclusions on the effectiveness of the off-

label use of IVIG. As such, the results of this report must be interpreted with caution. 

Specific to studies on Alzheimer’s disease, there was some variation in the criteria used to 

determine the disease severity of included patients , the criteria used to exclude patients, 

the treatment regimen, and the length of follow up.
10,13,23

 The evidence on the use of IVIG 

for epilepsy came from a 2017 systematic review of an RCT of 61 patients that was 

published in 1994,
1
 suggesting that an RCT on the use of IVIG for this indication has not 

been published since 1994. The evidence on the use of IVIG for bone marrow or stem cell 

transplantation and influenza came from two RCTs that enrolled 59 patients
7
 and 35 

patients,
18

 respectively. Furthermore, the patients enrolled in the latter RCT had A(H1N1) 

virus, which may not be pertinent to emergent viruses  in Canada. One meta-analysis on the 

use of IVIG in patients with sepsis, combined polyclonal IVIG, IgA-enriched IVIG and IgM-

enriched IVIG in the intervention arm without performing sub-group analyses,
21

 and three 

systematic reviews combined placebo and no treatment in the comparator arm .
16,20,21

 

Various formulations of IVIG may have different effects and placebo can have effects that 

are not captured in a population that receives no treatment within a trial setting.  

Finally, three RCTs were conducted with patients who were enrolled in Canada or the 

United States.
10,13,23

 Therefore, it is not clear to what extent the results for all of the off-label 

uses that are included in this report will be applicable to a Canadian setting. 

Conclusions and Implications for Decision or Policy Making 

The current review, which was conducted with the objective of updating a previous CADTH 

Rapid Response review,
17

 summarized the results of five systematic reviews and meta-

analyses and six RCTs.  

Limited evidence suggests that IVIG reduces all-cause mortality in adults with sepsis or 

septic shock.
20,21

 Yet, one set of authors suggested that the low quality of included RCTs 

and high level of heterogeneity may have an impact on the reliability of the results.
21

 

Furthermore, two other systematic reviews and one RCT failed to show statistically 

significant differences in the impact of IVIG on all-cause mortality relative to Pentoxifylline
22

 

or relative to no treatment or PBO in neonates with sepsis or septic shock.
11,16

 

Although results may have shown favourable safety and tolerability outcomes for patients 

treated with IVIG, there is insufficient evidence to recommend the use of IVIG in treating 

patients with Alzheimer’s disease.
10,13,23

 There is likewise insufficient evidence to draw 

conclusions on the use of IVIG for bone marrow or stem cell transplantation in children,
7
 

epilepsy in children and adults ,
1
 or influenza in adults.

18
 The HTA and systematic reviews 

had few limitations. All but one
21

 of the systematic reviews provided a list of the excluded 

studies and described the review’s source(s) of funding ,
1,16,20,22

 and the quality of the RCTs 

was mixed. Three of the RCTs did discuss sample size calculation
7,13,18

 and one did not 
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enroll enough patients to reach 80 or 82% statistical power.
23

 None of the RCTs explicitly 

described the characteristics of patients who were lost to follow up.
7,10,11,13,18,23

 

More RCTs would be needed to confirm the clinical effectiveness of IVIG in Alzheimer’s 

disease, bone marrow or stem cell transplantation, epilepsy, influenza, and sepsis or septic 

shock.  
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Appendix 1: Selection of Included Studies 
 
 
 
 

  

27 potentially relevant reports 

16 reports excluded: 
-irrelevant intervention (1) 

-irrelevant outcomes (1) 
-irrelevant/ no comparison groups (1) 
-review of reviews (1) 

-academic/ qualitative review articles (2) 
-overlapped with another review (1) 
-non-randomized comparative studies (9) 

 

11 reports included in review: 

-Health technology assessment (1) 

 Systematic reviews and meta-analyses (4) 

 Randomized controlled trials (6) 

649 citations excluded 

26 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

1 potentially relevant 
report retrieved from 
other sources (grey 

literature, hand search) 

675 citations identified from electronic 

literature search and screened 
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Appendix 2: Characteristics of Included Publications 
 

Table 2: Characteristics of Included Systematic Reviews and Meta-analyses 

First 
Author 

Year  
Country 

Search Dates 
and Sources  

 

Number 
and Types 

of  
Included 
Studies 

Eligibility 
Criteria 

Intervention/ 
Comparison 

groups 

Reported 
Clinical 

Outcomes 

Evidence 
Synthesis 

and 
Analytical  
Methods 

Geng, 
2017

1
 

 
China 

Cochrane Epilepsy 
Group Specialized 
Register (2 
February 2017), the 
Cochrane Central 
Register of 
Controlled Trials 
(CENTRAL) via the 
Cochrane Register 
of Studies Online (2 
February 2017), 
MEDLINE (Ovid, 
1946 to 2 February 
2017), Web of 
Science (1898 to 2 
February 2017), 
ISRCTN registry (2 
February 2017), 
WHO ICTRP (2 
February 2017), the 
US NIH 
ClinicalTrials.gov (2 
February 2017), and 
reference lists of 
articles. 

1 
randomized, 
add-on, 
double-blind, 
placebo-
controlled, 
multi-centre 
trial (n=61); 
patients 
were 
enrolled in 
Belgium, 
Switzerland 
and 
Germany 

Inclusion criteria: 
Randomized or 
quasi-randomized 
controlled trials of 
IVIG as 
monotherapy or 
add-on treatment 
in patients with 
refractory epilepsy. 
 
Exclusion criteria:  
Abstracts, 
historical control 
trials, retrospective 
studies, inclusion 
of patients without 
epilepsy, self-
controlled studies. 

Intervention(s)  
100, 250 or 400 
mg/kg IVIG add-
on to a standard 
AED 
 
Comparator(s): 
Placebo add-on 
to a standard 
AED 

Percentage of 
people rendered 
seizure-free, ≥ 
50% reduction in 
seizure 
frequency, 
adverse effects, 
treatment 
withdrawal, and 
quality of life.  

Fixed effects or 
random effects 
models, 
sensitivity 
analysis 

Busani, 
2016

21
 

 
Italy 

PubMed, Scopus, 
Web of Knowledge 
and Cochrane Trials 
Register (up to 
February 2015)  
 

18 RCTs (n 
=2360) 

Inclusion criteria: 
RCTs that 
evaluated the 
effects of any 
standard 
polyclonal IVIG or 
IgA-IgM-enriched 
preparations in 
adult patients with 
severe sepsis or 
septic shock 
 
Exclusion criteria: 
studies with a 
focus on patients 
with graft-versus-
host disease or 
patients receiving 
multiple cycles of 
chemotherapy; 

Intervention(s): 
Polyclonal IVIG 
(n=9 studies) or 
IgA-IgM 
enriched IVIG 
(n=9 studies) 
 
Comparator(s): 
No intervention, 
placebo or 
another standard 
polyclonal IVIG 
preparation. 

All-cause 
mortality 
 

Meta-analysis, 
DerSimonian 
and Laird 
random-effects 
model, forest 
plots, I

2
 

measure and 
Cochrane Q-
statistics were 
used to assess 
heterogeneity, 
funnel plots, 
trim and fill 
analysis, 
Eggers’s linear 
regression 
method. 
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Table 2: Characteristics of Included Systematic Reviews and Meta-analyses 

First 
Author 
Year  

Country 

Search Dates 
and Sources  

 

Number 
and Types 

of  

Included 
Studies 

Eligibility 
Criteria 

Intervention/ 
Comparison 

groups 

Reported 
Clinical 

Outcomes 

Evidence 
Synthesis 

and 

Analytical  
Methods 

non-English 
articles   

Pammi, 
2015

22
 

 
United 
Staes and 
United 
Kingdom 

Cochrane Neonatal 
Review Group 
Specialized 
Register, CENTRAL 
(The Cochrane 
Library Issue 2, 
2014), EMBASE 
(January 1980 to 
May 2014), PubMed 
(January 1966 to 
May 2014), CINAHL 
(January 1982 to 
May 2014), Science 
Citation Index 
(January 1990 to 
May 2014), and 
BIOSIS (January 
1992 May 2014) in 
May 2014; 
references and 
cross-references 
from 
identified studies; 
hand-searched 
abstracts from the 
proceedings of the 
Pediatric Academic 
Societies Meetings 
(from January 1990 
to May 2014). 

6 RCTs 
(n=651) 

Inclusion criteria: 
randomised or 
quasi-randomised 
trials assessing the 
efficacy of 
pentoxifylline as an 
adjunct to 
antibiotics  
in neonates (less 
than 28 days old, 
at any gestational 
age or birth 
weight) with 
confirmed or 
suspected sepsis 
or with necrotizing 
enterocolitis  
(Bell’s stage 2 or 
3) 
 
Exclusion criteria: 
non-randomised 
studies  

Pentoxifylline 
used as adjunct 
to antibiotics/ 
placebo, no 
intervention, or 
other adjuncts 
(including IVIG) 
to antibiotics 

All-cause 
mortality during 
hospital stay; 
neurological 
outcome at 2 
years of age or 
more (assessed 
by a validated 
test); chronic lung 
disease in 
survivors (chronic 
lung disease 
defined as oxygen 
requirement at 36 
weeks 
postmenstrual 
age; adverse 
outcomes directly 
attributable to 
treatment; 
intraventricular 
haemorrhage; 
periventricular 
leukomalacia; 
duration of 
assisted 
ventilation 
through an 
endotracheal tube 
(in days); length 
of hospital stay in 
days for survivors 
to discharge; 
necrotizing 
enterocolitis  (in 
neaonates); 
retinopathy of 
prematurity 
stages III and IV 
(post-hoc 
analysis) 

Meta-analysis 
using the fixed-
effect model; 
the Mantel- 
Haenszel 
method for 
estimates of 
typical risk ratio 
and risk 
difference; 
intent-to-treat 
populations 
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Table 2: Characteristics of Included Systematic Reviews and Meta-analyses 

First 
Author 
Year  

Country 

Search Dates 
and Sources  

 

Number 
and Types 

of  

Included 
Studies 

Eligibility 
Criteria 

Intervention/ 
Comparison 

groups 

Reported 
Clinical 

Outcomes 

Evidence 
Synthesis 

and 

Analytical  
Methods 

Alejandria, 
2013

16
 

 
Philippines 

PubMed, and 
Cochrane Central 
Register of 
Controlled Trials (up 
to December 2012)  
 

43 RCTs (n 
=19,202) 

Inclusion criteria: 
RCTs that 
compared IVIG 
(monoclonal or 
polyclonal) with 
placebo or no 
intervention in 
patients of any age 
with bacterial 
sepsis or septic 
shock 
 
Exclusion criteria: 
quasi-randomized 
studies, non-RCTs, 
systematic reviews 
or meta-analyses, 
animal models, 
mortality was not 
the primary 
outcome, IVIG was 
the control, used 
alternate allocation 
to treatment and 
control arms, 
administered 
immunoglobulin 
using 
intramuscular 
route, subgroup 
population, 
infections not 
necessarily sepsis, 
tumour necrosis 
factor fusion 
protein 
intervention, 
interim analysis 

Intervention(s): 
Polyclonal IVIG 
(n=25 studies, 
5789 patients) or 
monoclonal IVIG 
(n=18 studies, 
13,413 patients) 
 
Comparator(s): 
No intervention 
or placebo 

All-cause 
mortality, sepsis-
related mortality, 
adverse events 
 

Meta-analysis, 
Der Simonian 
and Laird model 
(random or 
fixed-effects), χ

2
 

test for 
statistical 
heterogeneity 

Soares, 
2012

20
 

 
United 
Kingdom  

Cochrane Infectious 
Diseases Group 
Specialized Trials 
Register, the 
Cochrane Trials 
Register, MEDLINE 
and EMBASE (from 
January 2002 to 
October 2009) 

17 RCTs 
(n=2,300) 

Inclusion criteria: 
RCTs comparing 
standard 
polyclonal IVIG or 
IgM-enriched 
polyclonal 
IVIG compared 
with no 
intervention, PBO  

Interventions(s): 
Polyclonal IVIG 
or IgM-enriched 
polyclonal 
IVIG 
 
Comparator(s): 
No intervention, 
PBO, or another 

All-cause 
mortality, adverse 
events 

Random and 
fixed effects 
models, I

2
 and 

Cochrane Q-
statistic tests for 
heterogeneity 
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Table 2: Characteristics of Included Systematic Reviews and Meta-analyses 

First 
Author 
Year  

Country 

Search Dates 
and Sources  

 

Number 
and Types 

of  

Included 
Studies 

Eligibility 
Criteria 

Intervention/ 
Comparison 

groups 

Reported 
Clinical 

Outcomes 

Evidence 
Synthesis 

and 

Analytical  
Methods 

or another 
standard or IgM-
enriched polyclonal 
IVIG preparation; 
with majority of 
patients aged ≥ 18 
years diagnosed 
with severe sepsis 
or septic shock 
 
Exclusion criteria: 
RCTs that used 
alternative (rather 
than randomly 
generated) 
allocation 
sequence 

standard or IgM-
enriched 
polyclonal IVIG 
preparation 
 

AED = antiepileptic drug; ICTRP = International Clinical Trials Registry  Platf orm; IgM = immunoglobulin-M; IVIG = intrav enous immunoglobulin; NIH = National Institutes 

of  Health; RCT(s) = randomized controlled trial(s); WHO = World Health Organization   
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Table 3: Characteristics of Included Randomized Controlled Trials 

First Author 
Year  

Country 

Study Design 

 
(follow up) 

 

Study Population 

[enrollment period] 

Intervention 

 (sample 
size) 

 

Comparator 

(sample 
size)  

Reported 

Outcomes 

Alzheimer’s disease 

Kile, 2017
23

 
 
United 
States 

Prospective, 
double-blind, 
randomized, 
placebo-
controlled 
outpatient trial 
 
(12 months, 24 
months)  

Inclusion criteria: adults aged 50-84 
years old referred to a community-
based neurology clinic; diagnosed by 
MRI brain scans consistent with 
single or multidomain amnestic MCI 
stage AD (based on NINCDS-
ADRDA criteria); CDR global score ≤ 
0.5; MMSE of 24-30; stable 
medication dosages for ≥ 30 days 
prior to screening; family member or 
friend as study partner 
 
Exclusion criteria: concurrent 
treatment with cholinesterase 
inhibitors or memantine before 
conversion to dementia; MRI brain 
anomalies; IVIG contraindication 
(e.g., IgA deficiency); 
microhemorrhage infarcts; moderate 
to severe cortical atrophy 
 
[2011- 2013] 

IVIG 
(brandname 
not disclosed, 
manufactured 
by 
Octapharma)  
 
Five infusions 
of 0.4 g/kg of 
bodyweight 
every two 
weeks 
 
(n = 24) 
 
Lost to f/u 
(both study 
groups) = 4 
prior to 
imaging, 5 
prior to 
cognitive 
testing  

Placebo (0.9% 
NaCl solution) 
 
 
 
 
 
Five infusions 
of unspecified 
volume every 
two weeks 
 
 
(n = 25) 
 
 

Primary: Brain 
atrophy rate i.e., 
APCV (measured 
using MRI scans) 
 
Secondary: 
Change in 
cognitive and 
functional 
performance 
(measured by 
ADAS-cog, MMSE, 
CDR-SOB); 
incidence of 
conversion from 
MCI to dementia 
(based on 
NINCDS-ADRDA 
and NIA-AA criteria 
for the diagnosis of 
AD and CDR 
global score) 
 
Adverse events 

Relkin, 
2017

10
 

 
Canada, 
United 
States 
 

Prospective, 
double-blind, 
randomized, 
placebo-
controlled phase 
III trial 
 
(9 months, 18 
months)  

Inclusion criteria: adults, aged 50-89 
years old, clinically diagnosed with 
probable AD of mild to moderate 
severity (NINCD-ADRA criteria); 
living in the community; MRI brain 
scan consistent with AD; MMSE of 
16-26 (inclusive); a study partner 
available to report on the patient’s 
status 
 
Exclusion criteria: untreated 
hypercholesterolemia, IgA deficiency, 
renal insufficiency, contraindicated to 
MRI, ≥two microhemorrhages, brain 
infarctions > 1cm

3
, space-occupying 

lesions, other forms of dementia, 
unstable general medical conditions, 
untreated major psychiatric disorders, 
on other investigational AD 
medication 
 

IVIG 
(Gammagard) 
 
0.2 g/kg 
(n=138) or 0.4 
g/kg (n=129) of 
bodyweight 
every two 
weeks 
 
(n = 267) 
 
Lost to f/u = 56 

Placebo (low 
dose albumin) 
 
Dose not 
defined 
 
 
 
 
 
(n = 123) 
 
Lost to f/u = 25 

Brain atrophy i.e., 
changes in lateral 
ventricular volume, 
whole brain and 
hippocampal 
volume (measured 
using MRI scans) 
 
Change in 
cognitive and 
functional 
performance 
(measured by 
ADAS-cog, ADCS-
ADL, ADCS-CGIC, 
modified MMSE, 
undisclosed 
neuropsychological 
tests, NPI, QOL-
AD) 
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Table 3: Characteristics of Included Randomized Controlled Trials 

First Author 
Year  

Country 

Study Design 
 

(follow up) 

 

Study Population 
[enrollment period] 

Intervention 
 (sample 

size) 

 

Comparator 
(sample 

size)  

Reported 
Outcomes 

Alzheimer’s disease 

[Dec 2008 - Feb 2013] Adverse events 
 
Excluded blood 
plasma outcomes 
and measurements 
at 9 months from 
this report 

Dodel, 
2013

13
 

 
Germany, 
Netherlands, 
United 
States 
 
(Note: 
patients 
were 
enrolled in 
Germany, 
and the 
United 
States) 

Prospective, 
double-blind, 
randomized, 
placebo-
controlled phase 
II trial 
 
(12 weeks, 24 
weeks)  

Inclusion criteria: probable AD 
according to the NINCDS-ADRDA 
criteria; MMSE score between 16-26 
(inclusive); age between 50-85 years 
(inclusive); a Modified Hachinski-
Rosen Score < 5; MRI brain scan 
consistent with AD; on stable doses 
of approved AD medication ≥ three 
months before screening  
 
Exclusion criteria: any suspected 
cause of dementia other than AD, 
history or present diagnosis of 
another significant disease of the 
CNS, a score of > 7 in the geriatric 
depression scale, present significant 
psychiatric disorder, insulin-
dependent diabetes mellitus, 
uncontrolled hypertension, severe 
liver or kidney disease, history of 
thromboembolic events or history of 
hypersensitivity to blood or plasma 
derived products or IVIG use in the 
previous six months 
 
[Feb 2009 - Mar 2010] 

IVIG (Octagam 
10%) 
 
0.2 g/kg, 0.5 
g/kg, or 0.8 
g/kg of 
bodyweight 
every four 
weeks (n=21) 
 
0.1 g/kg, 0.25 
g/kg, or 0.4 
g/kg of 
bodyweight 
every two 
weeks (n=21) 
 
(n = 42) 
 
Lost to f/u = 4 
(missed ≥ one 
measurement) 

Placebo (0.9% 
isotonic NaCl) 
 
Matching 
volume every 
four weeks or 
two weeks 
 
 
 
 
 
 
 
 
 
 
(n = 14) 
 
Lost to f/u = 3 
(missed ≥ one 
measurement) 

Brain atrophy i.e., 
changes in whole 
brain and 
hippocampal 
volume (measured 
using MRI scans) 
 
Cognitive and 
functional 
outcomes 
(measured by 
ADAS-cog, CDR-
SOB, ADCS-ADL, 
MMSE) 
 
Excluded glucose 
metabolism and 
blood plasma 
outcomes from this 
report 

Bone marrow or stem cell transplantation 

Azik, 2016
7
 

 
Turkey 

Prospective,  
randomized 
controlled trial 
 
(100 days)  

Inclusion criteria: children treated with 
allogeneic bone marrow or 
hematopoietic stem cell 
transplantation for documented 
infection 
 
Exclusion criteria: graft rejection or 
disease relapse 
 
[Jun 2010 - Dec 2012] 

Prophylactic 
standard IVIG 
(brandname 
not disclosed) 
 
0.4 g/kg of 
bodyweight 
within 6 hours 
of 
antihistamine 

IgM-enriched 
IVIG 
(Pentaglobin) 
 
 
4 mL/kg of 
bodyweight 
within 6 hours 
of 
antihistamine 

Incidence of  
infection, CMV 
reactivation, CMV 
disease, adverse 
events 
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Table 3: Characteristics of Included Randomized Controlled Trials 

First Author 
Year  

Country 

Study Design 
 

(follow up) 

 

Study Population 
[enrollment period] 

Intervention 
 (sample 

size) 

 

Comparator 
(sample 

size)  

Reported 
Outcomes 

Alzheimer’s disease 

pre-
medication, 
weekly for a 
month after 
transplantation, 
and when IgG 
level < 400 
mg/dL. 
 
(n = 27) 
 
Lost to f/u = 0 

pre-
medication, 
weekly for a 
month after 
transplantation, 
and when IgG 
level < 400 
mg/dL. 
 
(n = 32)  
 
Lost to f/u = 0 

Influenza 

Hung, 
2013

18
 

 
Hong Kong 

Prospective, 
multi-center, 
double-blind, 
randomized 
controlled trial 
 
(21 days)  

Inclusion criteria: adults ≥ 18 years 
old with RT-PCR diagnosed, severe 
A(H1N1) infection; diagnosed with 
severe community-acquired 
pneumonia; antiviral treatment-
resistance requiring admission to ICU 
and positive pressure ventilator 
support within 7 days of symptom 
onset. 
 
Exclusion criteria: known 
hypersensitivity to immunoglobulin or 
components of the formulation; IgA 
deficiency, moribund state; Charlson 
comorbidity score >1; >7 days in ICU; 
received IV antiviral therapy  
 
[Jan 2009 - Nov 2011] 

Hyperimmune 
IVIG 
(brandname 
not disclosed, 
manufactured 
by CSL 
Biotherapy, 
now BioCSL) 
 
Single infusion 
of 0.4 g/kg of 
bodyweight  
 
(n = 17) 
 
Lost to f/u = 0 

IVIG 
(brandname 
not disclosed, 
manufactured 
by CSL 
Biotherapy, 
now BioCSL) 
 
 
Single infusion 
of 0.4 g/kg of 
bodyweight  
 
(n = 18) 
 
Lost to f/u = 1 

Efficacy (mortality 
rate), adverse 
events 
 
Excluded length of 
ICU stay, length of 
hospital stay, viral 
load, and cytokine 
level from this 
report 

Sepsis/Septic shock 

INIS 
Collaborative 
Group, 
2011

11
 

 
The United 
Kingdom,  
Australia, 
Argentina, 
New 
Zealand, 

Prospective, 
randomized, 
placebo-
controlled trial 
 
(2 years)  

Inclusion criteria: newborn infants  
receiving antibiotics for the treatment 
of proven or suspected serious 
infection, i.e., sepsis, with at least 
one of the following: a birth weight < 
1500 g; evidence of infection in blood 
culture, cerebrospinal fluid, or usually 
sterile body fluid; or need for 
respiratory support through an 
endotracheal tube  
 

Polyvalent IgG 
IG (Intragam or 
freeze-dried 
study product) 
 
 
 
2 infusions of 
500 mg/kg of 
body weight  
48 hours apart 

Placebo 
(normal saline 
or 0.2% 
albumin 
solution in 
normal saline) 
 
2 infusions of 
matching 
volume  
48 hours apart 

Primary: Mortality 
or major disability 
rate assessed by 
questionnaire 

 
Secondary: 
Mortality rate, 
major and non-
major disability 
rates, adverse 
events  
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Table 3: Characteristics of Included Randomized Controlled Trials 

First Author 
Year  

Country 

Study Design 
 

(follow up) 

 

Study Population 
[enrollment period] 

Intervention 
 (sample 

size) 

 

Comparator 
(sample 

size)  

Reported 
Outcomes 

Alzheimer’s disease 

Serbia, 
Greece, 
Denmark, 
Belgium, 
Ireland 

Exclusion criteria: previous 
administration of IVIG and a decision 
by clinical staff that IVIG was either 
definitely needed or contraindicated 
 
[Oct 2001 – Sep 2007]  
 

 
(n = 1759) 
 
Lost to f/u = 
365 

 
(n = 1734) 
 
Lost to f/u = 
343 
 

 
Short-term: 
Mortality rate 
before hospital 
discharge, major 
cerebral 
abnormality, 
confirmed sepsis 
after trial entry, 
pneumonia,   
necrotizing 
enterocolitis, 
chronic lung 
disease 
 
Excluded cause of 
confirmed sepsis, 
number of patients 
discharged from 
hospital, and 
length of hospital 
stay from this 
report 

AD = Alzheimer’s disease; ADAS-cog = AD Assessment Scale-Cognitiv e subscale; ADCS-ADL = AD Cooperativ e Study –Activ ities of  Daily Liv ing scale; ADCS-CGIC = 

AD Cooperativ e Study  Clinician’s Global Impression of  Change; CDR = Clinical Dementia Rating; CDR-SOB = CDR-Sum of  Boxes; CMV = cy tomegalov irus; CNS = 

central nerv ous sy stem; GDS = geriatric depression score; GVHD = graf t-v ersus-host disease; ICU = intensiv e care unit; IgA = Immunoglobulin A; INIS = International 

Neonatal Immunotherapy  Study ; IVIG = intrav enous Immunoglobulin; MMSE = Mini-Mental-State-Examination; MRI = magnetic resonance imaging; NaCL = sodium 

chloride; NIA-AA = National Institute on Aging-Alzheimer’s Association; NINCDS-ADRDA = National Institute of  Neurological and Communicativ e Disorders and Stroke 

and the Alzheimer's Disease and Related Disorders Association; NPI = Neuropsy chiatric Inv entory ; QOL-AD = Quality  of  Lif e in AD; VOD = v eno-occlusiv e disease 
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Appendix 3: Critical Appraisal of Included Publications 

Table 4: Strengths and Limitations of Included Systematic Reviews and Meta-Analyses 

using the AMSTAR Checklist19 

Strengths Limitations 

Geng, 2017
1
 

 An “a priori” design was described 

 A comprehensive literature search was performed  
 A list of the included studies was provided 

 A list of the excluded studies was provided  
 The characteristics of the included study were provided 

 Study selection and data extraction were done in 
duplicate 

 The quality of the included study was assessed and 
documented. And the results of quality appraisal were 
reported  

 Likelihood of publication bias was assessed 
 A conflict of interest declaration was included 

 The sources of funding for the systematic review were 
disclosed 

 Data on source of funding was not extracted for the 
included study 

Busani, 2016
21

 

 An “a priori” design was described 
 A comprehensive literature search was performed  

 A list of the included studies was provided  
 The characteristics of the included studies were 

provided 

 The quality of the included studies was assessed and 
documented 

 Likelihood of publication bias was assessed 

 The methods used to combine the findings of studies 
were appropriate  

 A conflict of interest declaration was included 

 Data on source of funding was extracted for each of the 
included studies  

 Study selection and data extraction were not described 
as being done in duplicate 

 A list of the excluded studies was not provided  

 The source of funding was not declared for the 
systematic review 

Pammi, 2015
22

 

 An “a priori” design was described 
 A comprehensive literature search was performed  

 A list of the included studies was provided 
 A list of the excluded studies was provided  

 The characteristics of the included study were provided 

 The quality of the included study was assessed and 
documented. And the results of quality appraisal were 
reported  

 Likelihood of publication bias was assessed 

 A conflict of interest declaration was included 

 The sources of funding for the systematic review were 

 Data on source of funding was not extracted for the 
included studies 

 Study selection was not explicitly described as being 
done in duplicate 
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Table 4: Strengths and Limitations of Included Systematic Reviews and Meta-Analyses 
using the AMSTAR Checklist19 

Strengths Limitations 

disclosed 

Alejandria, 2013
16

 

 An “a priori” design was described 
 A comprehensive literature search was performed  

 Study selection and data extraction were done in 
duplicate 

 A list of the included studies was provided 

 A list of the excluded studies was provided 

 The characteristics of the included studies were 
provided  

 The quality of the included studies was assessed and 
documented and the results of quality appraisal were 
reported  

 Likelihood of publication bias was assessed 

 The methods used to combine the findings of studies 
were appropriate  

 A conflict of interest declaration was included 

 Data on source of funding was extracted for each of the 
included studies 

 The source of funding for the systematic review was 
disclosed 

 None were identified 

Soares, 2012
20

 

 An ”a priori” design was described 

 A comprehensive literature search was performed  
 Study selection and data extraction were done in 

duplicate 

 A list of the included studies was provided 
 A list of the excluded studies was provided 

 The characteristics of the included studies were 
provided  

 The quality of the included studies was assessed and 
documented And the results of quality appraisal were 
reported  

 Likelihood of publication bias was assessed 
 The methods used to combine the findings of studies 

were appropriate  

 A conflict of interest declaration was included 

 Data on source of funding was extracted for each of the 
included studies 

 The source of funding for the systematic review was 
disclosed 

 None were identified 
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Table 5: Strengths and Limitations of Included Randomized Controlled Trials using the 
Downs and Black Checklist12 

Strengths Limitations 

Kile, 2017
23

 

 Objectives of the study were  described   

 The interventions and the main outcomes were  
described  

 The characteristics of the study population were  

described    

 Patients, study coordinators, investigators, cognitive 
raters, and infusion nurses were blinded to the 
treatment allocations   

 The distributions of principal confounders in each 
comparison group were described 

 The main findings of the study were clearly described   
 Estimates of the random variability were provided  

 Adverse events were reported   

 Actual probability values were reported 
 The screening criteria for study eligibility were specified  

 Appropriate statistical tests were used to assess the 
main outcomes  

 Valid and reliable main outcome measures were used  

 Study participants in the different intervention groups 
were recruited from the same population, using the 

same inclusion criteria, and over the same period   
 Study participants were randomized to intervention 

groups 

 Characteristics of the single study participant lost to follow 
up were not described separately 

 It is unclear whether the participants were representative of 
the source population 

 Sample size for 82% statistical power was calculated but 
not met 

 Data reporting was inconsistent 
 Enrollment months were not disclosed 

 Adverse events were reported that were not on the pre-
specified list of outcomes 

 Adverse events were note reported by intervention 

Relkin, 2017
10

 

 Objectives of the study were  described   

 The interventions and the main outcomes were  

described  
 The characteristics of the study population were  

described    

 Patients, partners, clinicians, raters, and study 
leadership were blinded to the treatment allocations  

 The main findings of the study were clearly described   

 Estimates of the random variability were provided  
 Adverse events were reported   

 Actual probability values were reported  
 The study participants were recruited at twelve sites in 

two countries   

 The screening criteria for study eligibility were specified  
 Appropriate statistical tests were used to assess the 

main outcomes  

 Valid and reliable main outcome measures were used  

 Study participants in the different intervention groups 
were recruited from two populations using the same 
inclusion criteria, and over the same period   

 Study design was revised in collaboration with the 
manufacturer of the IVIG 

 Characteristics of study participants lost to follow up were 
not described separately 

 The distributions of principal confounders in each 
comparison group were not described 

 It is unclear whether the participants were representative of 
the source population 

 Two authors were employed by the manufacturer of the 
IVIG product 



 

 
PEER REVIEW WITH CRITICAL APPRAISAL Of f -Label Use of  IVIG 31 

Table 5: Strengths and Limitations of Included Randomized Controlled Trials using the 
Downs and Black Checklist12 

Strengths Limitations 

 Study participants were randomized to intervention 
groups 

 Sample size for 80% statistical power was calculated 
and met 

Azik, 2016
7
 

 Objectives of the study were described   

 The main outcomes were clearly described  

 Patients, caregivers, and investigators were blinded to 
the treatment allocations  

 The main findings of the study were described   

 Estimates of the random variability were provided  
 Adverse events were reported  

 Actual probability values were reported  
 The screening criteria for study eligibility were specified  

 Appropriate statistical tests were used to assess the 
main outcomes 

 Valid and reliable main outcome measures were used  

 Study participants in the different intervention groups 
were recruited from the same population, using the 

same inclusion criteria, and over the same period   

 Study participants were randomized to intervention 
groups 

 The type of IVIG used for the primary intervention was not 
disclosed 

 The age range of the study population was not disclosed  
 Blinding during treatment allocation was not stated 

 Characteristics of s tudy participants lost to follow up were 
not described separately 

 The distributions of principal confounders in each 
comparison group were not described 

 It is unclear whether the participants were representative of 
the source population 

 Sample size calculations were not described 

Dodel, 2013
13

 

 Objectives of the study were described   

 The interventions and the main outcomes were  
described  

 The characteristics of the study population were  
described    

 Patients, caregivers, and investigators were blinded to 
the treatment allocations  

 The main findings of the study were  described   

 Estimates of the random variability were provided  

 Adverse events were reported   

 Actual probability values were reported  

 The study participants were recruited at twelve sites in 
two countries   

 The screening criteria for study eligibility were specified  

 Appropriate statistical tests were used to assess the 
main outcomes  

 Valid and reliable main outcome measures were used  

 Study participants in the different intervention groups 
were recruited from two populations using the same 

inclusion criteria, and over the same period   
 Study participants were randomized to intervention 

groups 

 Characteristics of study participants lost to follow up were 
not described separately 

 The distributions of principal confounders in each 
comparison group were not described 

 It is unclear whether the participants were representative of 
the source population 

 Sample size was determined empirically 

 The manufacturer of the IVIG product employed two of the 
authors and funded the study 
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Table 5: Strengths and Limitations of Included Randomized Controlled Trials using the 
Downs and Black Checklist12 

Strengths Limitations 

Hung, 2013
18

 

 Objectives of the study were described   

 The interventions and the main outcomes were 
described  

 The characteristics of the study population were 

described    

 Patients and clinicians were blinded to the treatment 
allocations  

 The distributions of principal confounders in each 
comparison group were described 

 The main findings of the study were clearly described   

 Estimates of the random variability were provided  
 Adverse events were reported 

 Actual probability values were reported  
 The study participants were recruited at five hospital 

clusters within the same country   

 The screening criteria for study eligibility were specified  
 Appropriate statistical tests were used to assess the 

main outcomes  
 Valid and reliable main outcome measures were used  

 Study participants in the different intervention groups 
were recruited from the same population, using the 
same inclusion criteria, and over the same period   

 Study participants were randomized to intervention 
groups 

 Characteristics of study participant lost to follow up were 
not described separately 

 It is unclear whether the participants were repres entative of 
the source population 

 Sample size calculation was not discussed 

INIS Collaborative Group, 2011
11

 

 Objectives of the study were described   

 The interventions and the main outcomes were  
described  

 The characteristics of the study population were 

described    

 Patients, caregivers, and investigators were blinded to 
the treatment allocations  

 The main findings of the study were clearly described   

 Estimates of the random variability were provided  

 Adverse events were reported   

 Actual probability values were reported  

 The study participants were recruited at 113 sites in 
nine countries   

 The screening criteria for study eligibility were specified  

 Appropriate statistical tests were used to assess the 
main outcomes  

 Valid and reliable main outcome measures were used  

 Study participants in the different intervention groups 
were recruited from multiple populations using the 

 Characteristics of study participants lost to follow up were 
not described separately 

 The distributions of principal confounders in each 
comparison group were not described 

 It is unclear whether the participants were representative of 
the source population 
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Table 5: Strengths and Limitations of Included Randomized Controlled Trials using the 
Downs and Black Checklist12 

Strengths Limitations 

same inclusion criteria, and over the same period   
 Study participants were randomized to intervention 

groups 

 Sample size for 80% statistical power was calculated 
and met 
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Appendix 4: Main Study Findings and Author’s Conclusions 
Table 6: Summary of Findings of Included Systematic reviews and Meta-analyses 

Main Study Findings Author’s Conclusion 

Geng, 2017
1
 

Findings from 1 RCT with 61 patients, aged 2 to 51 years, who had partial (n=49) or generalized (n=12) 
refractory epilepsy, enrolled in Belgium, Switzerland, and Germany 
Treatment: 0.1 g/kg, 0.25 g/kg, 0.4 g/kg bodyweight IVIG, or PBO 
PBO: 2% human albumen solution 
Treatment regimen: four infusions in week 1, and one each in the 2

nd
, 3

rd
, and 6

th
 weeks 

Duration of treatment: 6 weeks 
Follow up: 6 weeks 
 
Satisfactory seizure control

 

IVIG (n=40)
a
 vs PBO (n=18) 

RR: 1.89 (95% CI: 0.85, 4.21); indicating no statistically significant difference between the groups 
 
Sub-group analysis (refractory partial epilepsy)

 

IVIG (n=34) vs PBO (n=12) 
RR: 3.35 (95% CI: 0.91, 12.30); indicating no statistically significant difference between the groups 
 
Global assessment

a,b
 

IVIG (n=42) vs PBO (n=18) 
RR: 3.29 (95% CI: 1.13, 9.57); indicating statistically better management of epilepsy with IVIG than PBO 
 
Incidence or severity of adverse events (n=61)

a
 

No adverse events were reported 
 
Dropout or withdrawal due to side effects, lack of efficacy, or other reasons 
One patient in the 0.1 g/kg IVIG group had to stop infusions for possible treatment-related side effects i.e., 
vomiting 
 
Quality of life metrics were not reported in the included RCT 
 
Intent-to-treat results were not included in this report 

The authors suggested that “no reliab le 
conclusions can be drawn at present 
regarding the effects of IVIG as a 
treatment for epilepsy”.

1
 page 12. 

Busani, 2016
21

 

Findings from 18 RCTs with 2360 adult patients with severe sepsis or septic shock 
Treatment regimen: multiple 
Duration of treatment = 2 to 7 days  
Follow up (range): ICU-discharge - 70 days 
 
All-cause mortality 
Polyclonal IVIG (n=9 RCTs) or Pentaglobin (i.e., IgA-IgM-enriched IVIG) (n=9 RCTs) versus human 
albumen solution (n=8 RCTs), 0.9% NaCl (n=1 RCT), or no treatment (n=9 RCT) 

The authors concluded that although their 
“meta-analysis indicates that IVIG therapy 
may reduce mortality of adult patients 
with severe sepsis or septic shock , … the 
low quality of the RCTs analyzed and the 
high heterogeneity in the study 
characteristics [significantly hinder] the 
reliab ility of the results observed”.As 
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Table 6: Summary of Findings of Included Systematic reviews and Meta-analyses 

Main Study Findings Author’s Conclusion 

OR: 0.50 (95% CI: 0.34, 0.71), p<0.001; indicating a statistically significant reduction in mortality with IVIG 
preparations compared with PBO or no treatment 

such, “there is currently insufficient and 
low quality evidence to support a 
widespread use of IVIG as adjunctive 
therapy for sepsis.”

21
 Page 570. 

Pammi, 2015
22

 

Findings from 1 RCT with 102 neonates with sepsis 
Treatment regimen: Three infusions of 6 mg/kg IV Pentoxifylline or 250 mg/kg Pentaglobin

c
 

Duration of treatment: 3 days 
Follow up: NR 
 
All-cause mortality during hospital stay 
Pentoxifylline as an adjunct to antibiotics (n=51) versus Pentaglobin (i.e., IgM-enriched IVIG) as an adjunct 
to antibiotics (n=51) 
RR: 1.25 (95% CI: 0.36, 4.39); RD: 0.02, (95% CI: -0.09, 0.13); indicating no difference in the risk of all-
cause mortality during hospital stay 
 
Necrotizing enterocolitis 
Pentoxifylline as an adjunct to antibiotics (n=51) versus  Pentaglobin (i.e., IgM-enriched IVIG) as an adjunct 
to antibiotics (n=51) 
RR: 1.33 (95% CI: 0.31, 5.66); RD: 0.02, (95% CI: -0.08, 0.12); indicating no difference in the risk of 
necrotizing enterocolitis  
 
None of the other secondary outcomes were reported in the review 

The results from one RCT suggest that 
there is no difference in the risk of all-
cause mortality or necrotizing enterocolitis 
between IgM-enriched IVIG and 
pentoxifylline as an adjunct to antibiotics 
in neonates with sepsis 

Alejandria, 2013
16

 

Findings from 17 RCTs with adults and 8 RCTs with neonates with sepsis or septic shock caused by 
bacteria; studies were published between 2003 and 2012 inclusive 
Treatment regimen (adults): standard polyclonal IVIG from 0.25 g/kg over two days (Intraglobin) to 0.4 
g/kg/day for three days (Sandoglobin), and 1 g/kg on the first day then 0.5 g/kg on days two and three 
(Endobulin); 1300 mL IgM-enriched IVIG infused within three days 
Treatment regimen (neonates): standard polyclonal IVIG from 0.5 g/kg as a single infusion over two hours 
to 0.5 g/kg infused over four to six hours then repeated 48 hours later and up to 1 g/kg for three days; IgM-
enriched IVIG was given at 5 mL/kg/day for three days 
Duration of treatment: two hours to three days  
Follow up: 28 days-2 years, NR 
 
Adults with sepsis or in septic shock 
All-cause mortality (at 28 or 30 days) 
Polyclonal IVIG (n=1015) vs no intervention or PBO (n=943) (total n=1958 adults, 17 trials) 
RR: 0.77 (95% CI: 0.68, 0.87), I

2
=36% (p=0.07); indicating that polyclonal IVIG, relative to no intervention 

or PBO, significantly reduced short-term mortality with some degree of heterogeneity across the trials  
 
Standard polyclonal IVIG (n=746) vs no intervention or PBO (n=684) (total n=1430 adults, 10 trials) 

“Intravenously administered polyclonal 
immunoglobulins, particularly standard 
polyclonal IVIG, do not provide benefit as 
adjuvant therapy in sepsis in terms of 
reducing mortality among neonates and 
adults with sepsis.”

16
 Page 30. 
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Table 6: Summary of Findings of Included Systematic reviews and Meta-analyses 

Main Study Findings Author’s Conclusion 

RR: 0.81 (95% CI: 0.70, 0.93), I
2
=48% (p=0.04); indicating that standard polyclonal IVIG, relative to no 

intervention or PBO, significantly reduced short-term mortality with some degree of heterogeneity across 
the trials 
 
IgM-enriched polyclonal IVIG (n=269) vs no intervention or PBO (n=259) (total n=528 adults, 7 trials) 
RR: 0.66 (95% CI: 0.51, 0.85), I

2
=0% (p=0.47); indicating that IgM-enriched polyclonal IVIG, relative to no 

intervention or PBO, significantly reduced short-term mortality with no heterogeneity measured across the 
trials 
 
Sensitivity analysis 
Polyclonal IVIG (n=488) vs no intervention or PBO (n=457) (total n=945 adults, 5 trials) 
RR: 0.97 (95% CI: 0.81, 1.15), I

2
=12% (p=0.34); indicating that polyclonal IVIG, relative to no intervention 

or PBO has no impact on short-term mortality 
 
Standard polyclonal IVIG (n=356) vs no intervention or PBO (n=327) (total n=683 adults, 3 trials) 
RR: 1.02 (95% CI: 0.84, 1.24), I

2
=2% (p=0.36); indicating that standard polyclonal IVIG, relative to no 

intervention or PBO has no impact on short-term mortality 
 
IgM-enriched polyclonal IVIG (n=132) vs no intervention or PBO (n=130) (total n=262 adults, 2 trials) 
RR: 0.82 (95% CI: 0.56, 1.19), I

2
=23% (p=0.26); indicating that IgM-enriched polyclonal IVIG, relative to no 

intervention or PBO has no impact on short-term mortality 
 
All-cause mortality (at 60 or 180 days) 
Polyclonal IVIG (n=113) vs no intervention or PBO (n=114) (total n=227 adults with sepsis, 2 trials) 
Reduction: 29.6% vs 34.7%; p=0.50; indicating that standard polyclonal IVIG, relative to no intervention or 
PBO has no impact on long-term mortality

b
. 

 
Sepsis or septic shock syndrome-related mortality (at 28 or 30 days) 
Polyclonal IVIG (n=208) vs no intervention or PBO (n=206) (total n=414 adults, 4 trials) 
RR: 0.45 (95% CI: 0.29, 0.69), I

2
=66% (p=0.03); indicating that polyclonal IVIG, relative to no intervention 

or PBO, significantly reduced short-term mortality with some degree of heterogeneity across the trials  
 
Adverse events (follow up time NR) 
IVIG-related adverse events in adults were allergic reactions, skin reactions, pruritus, nausea and 
vomiting, congestion, shock, and fever and chills. The number of events was not disclosed. Three studies 
reported that no IVIG-related adverse events. 
 
 
Neonates with sepsis or in septic shock 
All-cause mortality (at 28 or 30 days) 
Polyclonal IVIG (n=1925) vs no intervention or PBO (n=1906) (total n=3831 neonates, 8 trials)  
RR: 0.98 (95% CI: 0.91, 1.07), I

2
=0.0% (p=0.63); indicating that polyclonal IVIG, relative to no intervention 

or PBO has no impact on short-term mortality 
 
Standard polyclonal IVIG (n=1845) vs no intervention or PBO (n=1822) (total n=3667 neonates, 5 trials) 
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RR: 1.00 (95% CI: 0.92, 1.08), I
2
=0.0% (p=0.87); indicating that standard polyclonal IVIG, relative to no 

intervention or PBO has no impact on short-term mortality 
 
IgM-enriched polyclonal IVIG (n=80) vs no intervention or PBO (n=84) (total n=164 neonates, 3 trials) 
RR: 0.57 (95% CI: 0.31, 1.04), I

2
=2% (p=0.36); indicating that IgM-enriched polyclonal IVIG, relative to no 

intervention or PBO reduced short-term mortality, however the reduction was not statistically significant 
 
Sensitivity analysis 
Polyclonal IVIG (n=1792) vs no intervention or PBO (n=1769) (total n=3561 neonates , 3 trials) 
RR: 1.00 (95% CI: 0.92, 1.08), I

2
=0.0% (p=0.63); indicating that standard polyclonal IVIG, relative to no 

intervention or PBO has no impact on short-term mortality
c
. 

 
Sepsis-related mortality (at 28 or 30 days) 
Polyclonal IVIG (n=20) vs no intervention or PBO (n=24) (total n=44 neonates, 1 trial) 
RR: 0.80 (95% CI: 0.34, 1.86), I

2
=not applicable; indicating that polyclonal IVIG, relative to no intervention 

or PBO has no impact on short-term sepsis-related mortality 
 
Adverse events (follow up time NR) 
Out of four studies that reported on adverse events, one reported a case of hypotension and a case of 
hypoglycemia in a group of 1759 patients treated with IVIG. Another study reported that there was no 
significant difference between polyclonal IVIG and PBO. Two studies reported that there were no adverse 
events related to IVIG. 

Soares, 2012
20

 

Findings from 17 RCTs with 2,300 adults with severe sepsis or septic shock 
Treatment regimen: Varied 
Duration of treatment: two to seven days 
Follow up: 7 to 70 days, critical-care unit discharge 
 
All-cause mortality 
Polyclonal IVIG or IgM-enriched IVIG (n=1164) vs no intervention or PBO (n=1136) 
OR (fixed effects): 0.68 (95% CI: 0.54, 0.84), I

2
=46.9%,Q=30.1, p=0.017; indicating a reduction in the odds 

of all-cause mortality with IVIG compared with no intervention or PBO 
OR (random effects): 0.47 (95% CI: 0.32, 0.69); indicating a reduction in the odds of all-cause mortality 
with IVIG compared with no intervention or PBO 
 
Sensitivity analysis 
The treatment effect estimates were robust to the choice of method to adjust for study quality, publication 
bias and small-study effects but were sensitive to the assumed dose regimen 
 
Adverse events 
IVIG groups: Allergies, 6 skin reactions, erythema, 2 nausea and vomiting, 1 significant bleeding, 2 shock, 
1 rigor, 2 fever and chills, 6 death, 12 not specified 
No intervention or PBO groups: 4 significant bleeding, 6 skin reactions , 6 death, 12 not specified 

The authors concluded that “there is a 
borderline significant (at the 5% level) 
effect of IVIG on reducing all-cause 
mortality for patients with severe 
sepsis/septic shock.”

20
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Main Study Findings Author’s Conclusion 

Other events were reported but not listed by study group 

CI = conf idence interv al; f /u = f ollow up; IVIG = intrav enous immunoglobulin; NaCL = sodium chloride; NR = not reported; OR = odds ratio; PBO = placebo; RCT = randomized controlled trial; RD 

= risk dif f erence; RR = risk ratio  

a
 Three participants excluded f rom the statistical analy sis of  seizure f requency  were all f rom the IVIG group. Detailed reasons f or why  one participant dropped out were unknown. Reasons f or the 

exclusion of  the other two participants were unrelated to the IVIG treatment. These reasons were not disclosed in the sy stematic review.  
b
 Values were stated as 2/10 and 4/36 patients, respectiv ely  on page 15 of  the article: “The trials that reported long-term mortality , at 60 day s (Hentrich 

2006) and 180 day s (Darenberg 2003), likewise showed no signif icant reduction in mortality  (29.6% v ersus 34.7%, P = 0.50; 2/10 v ersus 4/36, respectiv ely ).” 
c
 The v alues were stated as: “RR 1.01; 95% CI 0.93 to 1.09; n = 3561” in the text on page 15 of  the article. These v alues do not match those display ed in the corresponding f igure.  
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Alzheimer’s Disease 

Kile, 2017
23

  

Brain atrophy 
Mean change from baseline 
 IVIG (n=24) PBO (n=25) PBO vs IVIG p-value 

APCV at 12 mos 5.87% 8.14% 28% 0.066 
APCV (group x MCI status)  
at 12 mos 

   0.037 

APCV at 24 mos 6.26% 7.08% 12% NS 
There was less atrophy in patients treated with IVIG 
 
Mean change from baseline (EMCI group only) 
 IVIG (n=6) PBO (n=13) PBO vs IVIG 

APCV at 12 mos 4.15% 8.43% 49% 

APCV at 24 mos 4.58% 6.15% 26% 

There was less atrophy in patients treated with IVIG 
 
Cognitive and functional performance 

Mean score (±SD) at baseline IVIG (n=24) PBO (n=25) 
ADAS-Cog 10.63±4.23 10.29±5.68 
MMSE  26.75±2.15 26.44±2.60 
CDR-SOB  1.96±0.95 1.58±0.90 

 
Mean score (±SD) at 12 mos IVIG (n=24) PBO (n=25) 
ADAS-Cog  11.03±6.66 11.00±9.14 
MMSE  26.04±3.76 25.38±4.28 
CDR-SOB  2.70±1.63 2.65±2.13 

 
Mean score (±SD) at 24 mos IVIG (n≤24) PBO (n≤25) 
ADAS-Cog 15.39±10.55 13.25±11.77 
MMSE 24.00±4.91 24.46±4.79 
CDR-SOB 4.33±3.48 3.37±2.73 

 
Change from baseline 
ADAS-Cog at 12 mos: there was a statistically significant group×MCI status interaction (F1,43=6.92, p=0.012)  
Patients with LMCI in the IVIG group had lower (more favourable) scores  than patients in the PBO group 
(F1,43=6.99, p=0.011).  
ADAS-Cog at 24 mos: there was a statistically significant interaction (F1,44=5.27, p=0.027) 
Patients with LMCI in the IVIG group (n=18) had lower (more favourable) scores than patients in the PBO 
group (n=12) (p=NS).  
 

“…results provide limited evidence of a 
potential disease-modifying effect of 
IVIG during the MCI stage of AD in the 
form of reduced brain atrophy as well 
as reduced conversions to AD 
dementia at 1 year. This study does not 
provide enough evidence for the clinical 
use of IVIG for MCI due to AD”.

23
 Page 
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MMSE at 12 mos: there was a statistically significant group×MCI status interaction (F1,44=6.99, p=0.011)  
Simple effects tests indicated that participants  with LMCI in the IVIG group had higher scores  than 
participants in the PBO group (F1,44=9.26, p=0.004). Similar results were seen at 24 mos where the 
group×MCI status interaction was statistically significant (F1,44=4.11, p=0.049). Simple effects tests indicated 
participants with LMCI in the IVIG group had higher scores than participants in the PBO group (p=NS) 
 
CDR-SOB at 24 mos: the LMCI PBO subgroup had a worse mean score than the IVIG group; however, at 
24 months, this difference was no longer observed 
 
Conversion from MCI to dementia (LMCI only: IVIG [n=18] vs PBO [n=12]) 
Proportion at 12 mos: 33.3% vs 58.3%; p=NR 
Proportion at 24 mos: 72% vs 75%; p=NR 
 
Adverse events 
IVIG (n≤24) vs PBO (n≤25) 
Incidence in 24 mos: 47 vs 46; p=0.841; 22 were study-related, none were serious 
There was no cerebral mircohemorrhage or vasogenic edema in either group 

Relkin, 2017
10

  

Brain atrophy 
Change in ventricular volume, and rate of change of hippocampal or whole brain volumes were not different 
among the three groups. 
 
Cognitive and functional performance 
Change from baseline to 18 mos

d
 

Group 0.2 g/kg IVIG  
(n=138) 

0.4 g/kg IVIG 
(n=129) 

PBO 
(n=123) 

0.2 g/kg vs PBO 0.4 g/kg vs PBO 

ADAS-Cog 8.94 7.42 8.43 0.51 -1.01 

ADCS-ADL -12.4 -11.4 -11.4 -1.0 0 

ADCS-CGIC (LSM) 5.3 (5.1,5.4) 5.2 (5.0,5.3) 5.2 (5.0,5.4) 0.0 (0.2,0.3)
e
 -0.1 (-0.3,0.2)

 e
 

NPI (Mean) 4.9 (2.3,7.5) 3.7 (1.2,6.3) 2.4 (0.2,4.6) 2.5 (-0.3,5.3)
 e
 0.7 (-2.1,3.4)

 e
 

Logsdon QOL-AD 
(Mean)  

-0.7 (-1.6,0.2) -0.5 (-1.5,0.6) -1.5 (-2.6,-0.4)
 e
 1.1 (-0.2,2.3)

 e
 1.1 (-0.2,2.3)

 e
 

At 18 mos, no differences were observed in ADAS-Cog and ADCS-ADL among the three groups. Also, no 
differences in ADCS-CGIC, MMSE

f
, NPI, and QOL-AD among the groups receiving IVIG and the PBO 

group. 
 
APOEԑ4 carriers only 
0.4 g/kg IVIG (n=87) vs PBO (n=85) 
Change in modified MMSE from baseline to 18 mos: =-10.6 vs -14.9; p=0.012; indicating less decline in the 
IVIG group 

The authors concluded that “…the 
results of this trial do not lend support 
for the use of IVIG to treat AD”.

10
 Page 
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0.2 g/kg IVIG (n=94) vs PBO (n=85) 
Change in modified MMSE from baseline to 18 mos: No differences were observed. Values were NR. 
 
 
Adverse events incidence rates 
Group 0.2 g/kg IVIG  

(n=138) 
0.4 g/kg IVIG  

(n=129) 
PBO 

(n=123) 
Mortality 2.2% 0.8% 1.7% 
Hospitalization 19.3% 15.0% 19.8% 
Serious rash 11.9% 15.0% 6.6% 
Renal failure 0.7% 1.6% 1.7% 
VTE 2.2% 1.6% 5.0% 
ART 0% 0.8% 0.8% 
URI 17.8% 12.6 23.1% 
Microhemorrhages 8% 10%

g
 9% 

Other minor adverse events were chills, arthralgia, vomiting, epistaxis, and eczema. 

Dodel, 2013
13

  

Cognitive and functional performance, and brain atrophy 
 

Mean (±SD) baseline measurements 

Dose interv al 4 weeks 2 weeks 

IVIG 

concentration 

0.2 g/kg  

(n=6) 

0.5 g/kg  

(n=8) 

0.8 g/kg  

(n=7) 

PBO 

(n=7) 

0.1 g/kg  

(n=6) 

0.25 g/kg  

(n=7) 

0.4 g/kg  

(n=7) 

PBO 

(n=7) 

Modif ied 

Hachinski-
Rosen 

0.3±0.5 0.6±0.9 0.9±0.7 1.0±0.6 0.8±0.4 0.6±0.5 0.1±0.4 1.0±0 

GDS 1.3±0.8 1.9±1.8 1.0±1.2 2.4±2.6 1.2±1.2 1.7±2.1 2.1±2.0 1.0±0.8 

MMSE 19.3±3.4 20.9±2.7 21.9±2.7 22.1±3.1 21.8±2.6 21.4±2.4 22.4±3.2 21.6±1.7 

ADAS-cog 27.2±9.7 21.0±9.7 20.0±9.5 21.2±14.7 18.5±6.3 19.4±8.2 17.6±6.5 17.7±4.2 

CDR-SOB 6.6±3.3 5.1±1.7 3.9±2.1 5.3±3.7 4.4±1.4 4.3±1.8 4.3±1.1 4.8±2.6 

ADCS-ADL 60.5±11.2 65.9±8.3 67.0±8.3 64.4±12.5 64.2±6.6 65.3±14.0 67.1±6.8 62.1±10.4 

Whole brain 

v olume 

1268.2±43.8 1319.4±98.1 1329.4±90.3 1286.3±78.7 1276.0±63.0 1294.0±47.7 1237.1±49.0 1265.6±157.9 

Hippocampal 

v olume lef t 

2530.3±387.6 2747.6±444.4 2568.4±579.9 2529.9±353.7 2611.0±450.1 2818.3±660.9 2590.4±392.7 2686.6±618.7 

Hippocampal 
v olume right 

2693.8±333.9 2842.1±557.7 2761.9±547.8 2679.1±428.4 2754.5±609.5 2923.6±590.3 2969.9±368.2 2652.1±474.2 

   

 

Mean changes from baseline at week 24 in the 4-week dosing interval groups
a 

IVIG  

concentration 

0.2 g/kg  

(n=6) 

0.5 g/kg  

(n=8) 

0.8 g/kg  

(n=7) 

PBO 

(n=7) 

 PBO v s. 0.2 g/kg 

IVIG 

PBO v s. 0.5 g/kg 

IVIG 

PBO v s. 0.8 g/kg 

IVIG 

The authors concluded that although 
their phase II trial “showed favourable 
safety and tolerability results and the 
absence of severe autoimmune 
reactions, longer studies with larger 
study populations are required to 
assess potential effects on the slope of 

cognitive and functional decline in 
patients with Alzheimer’s disease.”

13
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ADAS-cog 5.33  

[−4.7, 8.7]  
(n=6) 

1.84  

[−8.0, 24.0] 
(n=8) 

−1.50  

[−4.3, 18.3] 
(n=6) 

0.33  

[−3.3, 5.0] 
(n=5) 

 −3.84  

[−9.34, 4.00] 
p=0.2353 

−0.34  

[7.00, 5.67] 
p=0.8835 

0.84  

[−13.33, 7.33] 
p=0.6466 

MMSE −3.0  

[−8, 2] 
(n=6) 

−1.5  

[−4, 1] 
(n=8) 

−1.5  

[−7, 2] 
(n=6) 

−1.5  

[−11, 4] 
(n=6) 

 2.0  

[−6.0, 7.0] 
p=0.5725 

0.5  

[−5.0, 5.0] 
p=0.8453 

0.0  

[−6.0, 5.0] 
p=1.0000 

ADCS-ADL −3.0  
[−31, 11]  

(n=6) 

0.0  
[−15, 11] 

(n=8) 

−1.5  
[−5, 3] 

(n=6) 

−3.0  
[−8, 7] 

(n=5) 

 −1.0  
[−13.0, −25.0] 

p=0.9273 

−4.5  
[−14.0, 7.0] 

p=0.3387 

−1.5  
[−8.0, 6.0] 

p=0.7144  

CDR-SOB 0.50  
[−1.0, 3.0] 

(n=6) 

0.00  
[−1.0, 5.0] 

(n=8) 

0.25  
[−1.5, 3.0] 

(n=6) 

−0.50  
[−6.0, 0.0] 

(n=5) 

 −1.50  
[−6.50, 0.00] 

p=0.0641 

−0.50  
[−6.00, 0.00] 

p=0.1879 

−1.25  
[−5.50, 0.50] 

p=0.1961 

Whole brain v olume −1.4±1.8 
(n=6) 

−1.1±1.0 
(n=8) 

−1.6±1.1 
(n=6) 

−0.9±0.8 
(n=4) 

 0.5  
[−1.7,2.7] 

p=0.6196 

0.2 
[−1.1,1.5] 

p=0.7094 

0.7 
[−0.7,2.2] 

p=0.2851 

Hippocampal v olume 
lef t 

−191.2±111.7 
(n=6) 

−188.4±228.2 
(n=8) 

−153.5±91.2 
(n=6) 

−137.0±114.8 
(n=5) 

 54.2 
[−100.8,209.1] 

p=0.4494 

51.4 
[−193.0,295.7] 

p=0.6526 

16.5 
[−123.7,156.7] 

p=0.7961 

Hippocampal v olume 

right 

−140.8±60.3 

(n=6) 

−193.1±137.7 

(n=8) 

−230.5±165.8 

(n=6) 

−132.4±122.1 

(n=5) 

 8.4 

[−118.9,135.8] 

p=0.8842 

60.7 

[−105.2,226.6] 

p=0.4375 

98.1 

[−104.6,300.8] 

p=0.3021 

 

Mean changes from baseline at week 24 in the 2-week dosing interval groups
a 

IVIG  

concentration 

0.1 g/kg  

(n=6) 

0.25 g/kg  

(n=7) 

0.4 g/kg  

(n=7) 

PBO 

(n=7) 

 PBO v s. 0.1 IVIG PBO v s. 0.25 IVIG PBO v s. 0.4 IVIG 

ADAS-cog 2.50 
[−3.7,6.0] 

(n=6) 

−1.33 
[−7.3,4.0] 

(n=7) 

4.50 
[−4.0,8.3] 

(n=6) 

−0.33 
[−5.3,5.0] 

(n=7) 

 −3.00 
[−7.00,1.67] 

p=0.1979 

2.00 
[−4.00,7.00] 

p=0.6540 

−4.34 
[−10.66,2.33] 

p=0.1004 

MMSE −2.0 
[−10,2] 

(n=6) 

0.0 
[−3,4] 

(n=7) 

−1.5 
[−4,1] 

(n=6) 

−1.0 
[−5,1] 

(n=7) 

 1.0 
[−4.0,7.0] 

p=0.6643 

−1.0 
[−5.0,2.0] 

p=0.4392 

1.0 
[−2.0,4.0] 

p=0.6656 

ADCS-ADL −0.5 
[−11,4] 

(n=6) 

−3.0 
[−17,3] 

(n=7) 

−4.0 
[−25,2] 

(n=6) 

2.0 
[−6,10] 

(n=7) 

 3.0 
[−3.0,10.0] 

p=0.3153 

5.0 
[−1.0,13.0] 

p=0.0839 

6.5 
[0.0,18.0] 

p=0.0734 

CDR-SOB 0.00 

[−1.0,5.0] 

(n=6) 

0.50 

[−2.0,2.0] 

(n=7) 

0.75 

[−1.5,4.0] 

(n=6) 

0.00 

[−2.5,1.5] 

(n=7) 

 −1.25 

[−3.50,0.50] 

p=0.4236 

−0.50 

[−2.50,1.00] 

p=0.4356 

−2.50 

[−3.50,0.00] 

p=0.0953 

Whole brain v olume −2.0±0.8 

(n=5) 

−1.5±0.7 

(n=6) 

−1.4±1.7 

(n=5) 

−1.4±1.0 

(n=4) 

 0.6 

[−0.8,2.0] 

p=0.3620 

0.1 

[−1.1,1.3] 

p=0.8766 

−0.0 

[−2.3,2.2] 

p=0.9899 

Hippocampal v olume 

lef t 

−166.2±64.0 

(n=6) 

−183.5±117.4 

(n=6) 

−131.4±98.0 

(n=5) 

−216.5±133.2 

(n=4) 

 −50.3 

[−193.2,92.6] 

p=0.4401 

−33.0 

[−216.9,150.9] 

p=0.6899 

−85.1 

[−266.6,96.4] 

p=0.3042 

Hippocampal v olume 

right 

−106.2±112.7 

(n=6) 

−182.2±179.0 

(n=6) 

−153.6±226.0 

(n=5) 

−198.3±30.5 

(n=4) 

 −92.1 

[−227.6,43.4] 

p=0.1557 

−16.1 

[−228.6,194.4] 

p=0.8373 

−44.7 

[−317.4,228.1] 

p=0.6838 

 

There were no significant differences between the individual treatment arms and PBO with respect to 
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Table 7: Summary of Findings of Included Randomized Controlled Trials 

Main Study Findings Author’s Conclusion 

changes in ADAS-cog, MMSE, ACDS-ADL, whole brain volume, or mean left and right hippocampal atrophy 
rates at 24 weeks 
 
Combined IVIG (n=42) vs PBO (n=14) 
Mean changes from baseline at 24 weeks  
ADAS-cog, MMSE, or ACDS-ADL: There were no significant differences between the two groups 
CDR-SOB: There was a significant difference in favour of the PBO group.  

Whole brain volume or mean left and right hippocampal atrophy rates: There were no significant differences. 
 
There was also no difference in cognitive or functional performance or in atrophy rates between the groups 
at 12 weeks (data not shown). 
 
Adverse events 
Combined IVIG (n=42) vs PBO (n=14) 
≥ one adverse event: 59.5% vs 64.3%; p=0.75 
≥ one serious adverse event: 9.5% vs 28.6%; p=NR 
Mortality rate: 0 in each group 

Bone Marrow or Stem Cell Transplantation 

Azik, 2016
7
  

IVIG (n=27) vs Pentaglob in (n=32) 
 
Infection 
Bacteremia: 55.6% vs 65.6%; p=0.429 
Septicemia: 7.4% vs 3.1%; p=0.588 
Local infection: 55.6% vs 43.7%; p=0.635 
FUO: 55.6% vs 40.6%; p=0.253 
EBV infection: 3.7% vs 0%; p=0.458 
CMV reactivation: 29.6% vs 21.9%; p=0.496 
CMV disease: 3.7% vs 6.2%; p=1.0 
 
Adverse events 
VOD: 7.4% vs 9.4%; p=1.0 
Acute GVHD: 14.8% vs 28.1%; p=0.219 
Chronic GVHD: 26% vs 31%; p=0.653 
 
The results indicate that there was no statistical differences in outcomes between IVIG and Pentaglobin®  

“No significant difference between the 
utilization of IVIG and Pentaglob in was 
noted within the first 100 days of 
allogeneic HSCT in terms of infection 

prevention, adverse effects related to 
[IVIG] use, acute GVHD incidence, and 
VOD incidence”.

7
 Page 282 
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Influenza 

Hung, 2013
18

  

Efficacy 
Hyperimmune IVIG (n=17) vs IVIG (n=17) 
Mortality rate: 29.4% vs 23.5%; p=NS 
 
Sub-group analysis (received treatment within 5 days of symptom onset) 
Hyperimmune IVIG (n=12) vs IVIG (n=10) 
Mortality rate: 0% vs 40%; OR: 0.14 (95% CI:0.02,0.92); p=0.04 
 
Adverse events 
No treatment-related adverse events were reported 
 
Excluded length of ICU stay, length of hospital stay, viral load, and cytokine level from this report 

The authors concluded that there are 
“beneficial effects demonstrated in this 
study” that “appear to be related to the 
A(H1N1) antibody in the convalescent 
[hyperimmune] IVIG.”

18
 Page 472 

Sepsis or Septic Shock 

INIS Collaborative Group, 2011
11

  

Long-term efficacy at 2 years 
IVIG (n=1759)* vs PBO (n=1734)

h
 

Mortality or major disability rate: 39% vs 39%; RR: 1.00 (95% CI: 0.92, 1.08); indicating NS difference 
between groups 
Mortality: 18.3% vs 17.6%; RR: 1.04 (95% CI: 0.90, 1.20); indicating NS difference between groups  
 
IVIG (n=1437) vs PBO (n=1428)

i
 

Major disability: 25.3% vs 26.0%; RR: 0.98 (95% CI: 0.86, 1.10); indicating NS difference between groups 
Non-major disability: 33.4% vs 32.9%; RR:NR 
 
Short-term efficacy 
IVIG (n=1759) vs PBO (n=1734)

h
 

Hospital mortality: 16.6% vs 16.6%; RR: 1.00 (95% CI: 0.86, 1.16); indicating NS difference between groups  
Major cerebral abnormality: 13.3% vs 11.6%; RR: 1.15 (95% CI: 0.96, 1.37); indicating NS difference 
between groups 
Confirmed sepsis after trial entry: 26.2% vs 26.4%; RR: 0.99 (95% CI: 0.89, 1.11); indicating NS difference 
between groups 
Pneumonia: 12.7% vs 12.7%; RR: 1.00 (95% CI: 0.84, 1.19); indicating NS difference between groups  
Necrotizing enterocolitis  (95% CI: new episode): 7.5% vs 6.9%; RR: 1.08 (95% CI: 0.85, 1.37); indicating NS 
difference between groups 
 
IVIG (n=1394) vs PBO (n=1391)

j 

Chronic lung disease at day 28 following birth: 55.9% vs 57.1%; RR: 0.98 (95% CI:0.92, 1.04), indicating NS 
difference between groups 
 
Ineligible to participate: 12 in each group 
 
Lost to f/u: 2.3% of the infants died between the first infusion and the scheduled second infusion   

The authors found that “the use of 
polyvalent IgG immune globulin was not 
associated with significant differences 
in the risk of major complications or 
other adverse outcomes in neonates 
with suspected or proven sepsis”

11
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Adverse events: 12 vs 10 
Adverse events (death): 2 vs 4 

AD = Alzheimer’s D isease; ADAS-Cog = AD Assessment Scale-Cognitiv e Part; ADCS-ADL = Alzheimer’s Disease Cooperativ e Study –Activ ities of Daily  Living Scale; ADCS-CGIC = AD 

Cooperativ e Study  Clinician’s Global Impression of  Change; ART = arterial thrombosis; CDR-SOB = Clinical Dementia Rating Scale – Sum of  Boxes; CI = conf idence interv al; CMV = 

cy tomegalov irus; CNS = central nerv ous sy stem; EBV = Epstein-Barr Virus; EMCI = early  MCI; f /u = f ollow-up; FUO = f ev er of  unknown origin; GDS = geriatric depression score; IR = interquartile 

range; GVHD = graf t-v ersus-host disease; HSCT = hematopoietic stem cell transplantation; ICU = intensiv e care unit; IVIG = intrav enous Immunoglobulin; LMCI = late MCI; MCI = mild cognitiv e 

impairment; MMSE = Mini-Mental-State-Examination; mo(s) = month(s); MRI = magnetic resonance imaging; NaCL = sodium chloride; NPI = Neuropsy chiatric Inv entory; NR = not reported; NS = 

not signif icant; OR = odds ratio; PBO = placebo; QOL = quality  of  lif e; RD = risk dif f erence; URI = upper respiratory  inf ection; VOD = v eno-occlusiv e disease; v s = v ersus; VTE = v enous 

thromboembolic ev ents 

a 
Three patients were lost to f ollow up; one was due to an adv erse ev ent. Reasons were not prov ided f or other patients who were lost to f ollow up. 

b
 Global assessment was not listed in the protocol but was reported as an important outcome in the included RCT. Global assessment incorporates reduction in the number and sev erity  of 

seizures, ev olution of  electroencephalography , interictal status and perception of  the patients and caregiv ers 

c
 Excluded comparisons with pentoxif y lline alone or combined with IgM-enriched IVIG 

d
 Excluded outcomes reported at 9 mos and QOL-AD (caregiv er) scores f rom this report 

e
 p-v alues ranged f rom 0.075 to 0.912 

f
 Values f or change in MMSE were not reported 

g
 One edema resolv ed into a microhemorrhage 

h 
Values may  be under-inf lated because denominator does not account f or patients that were lost to f /u. Only  1701 were included in the IVIG group ad 1677 in the PBO group 

i
 Disability  calculations exclude patients lost to death, 322 in IVIG group, 306 in PBO group 

j
 Chronic lung disease calculations suggests 365 in IVIG group and 343 in PBO were lost to f /u. Based on reported mortality  rates, loss due to in-hospital deaths were 292 in IVIG group, 287 in 

PBO group 
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Appendix 5: Additional References of Potential 

Interest 

Case Reports and Case Studies: 

Alzheimer’s Disease 

Amanatkar HR, Papagiannopoulos B, Grossberg GT. Analysis of recent failures of disease 

modifying therapies in Alzheimer's disease suggesting a new methodology for future 

studies. Expert Rev Neurother. 2017 Jan;17(1):7-16.  

Yang C, Xiao S. New developments of clinical trial in immunotherapy for Alzheimer 's 

disease. Curr Pharm Biotechnol. 2015;16(6):484-91.  

Shayan G, Adamiak B, Relkin NR, Lee KH. Longitudinal analysis of novel Alzheimer's 

disease proteomic cerebrospinal fluid biomarkers during intravenous immunoglobulin 

therapy. Electrophoresis. 2012 Jul;33(13):1975-9.  

Bone marrow or stem cell transplantation 

Goldstein G, Rutenberg TF, Mendelovich SL, Hutt D, Oikawa MT, Toren A, et al. The role of 

immunoglobulin prophylaxis for prevention of cytomegalovirus infection in pediatric 

hematopoietic stem cell transplantation recipients. Pediatr Blood Cancer. 2017 Jul;64(7).  

Keyes A, Mathias M, Boulad F, Lee YJ, Marchetti MA, Scaradavou A, et al. Cutaneous 

involvement of disseminated adenovirus infection in an allogeneic stem cell transplant 

recipient. Br J Dermatol [Internet]. 2016 Apr [cited 2017 Oct 11];174(4):885-8. Available 

from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4984257  

Park JA, Lee HH, Kwon HS, Baik CR, Song SA, Lee JN. Sirolimus for refractory 

autoimmune hemolytic anemia after allogeneic hematopoietic stem cell transplantation: a 

case report and literature review of the treatment of post-transplant autoimmune hemolytic 

anemia. Transfus Med Rev. 2016 Jan;30(1):6-14.  

Raciborska A, Ussowicz M, Prost M, Bilska K, Rodriguez-Galindo C, Rychlowska-

Pruszynska M. Effective treatment of cytomegalovirus retinitis and neuritis with retrobulbar 

ganciclovir after treosulfan-based autologous bone marrow transplant. Klin Oczna. 

2015;117(2):101-3. 

Kawakami M, Taniguchi K, Yoshihara S, Ishii S, Kaida K, Ikegame K, et al. Irreversible 

neurological defects in the lower extremities after haploidentical stem cell transplantation: 

possible association with nelarabine. Am J Hematol. 2013 Oct;88(10):853-7.  

Dokos C, Masjosthusmann K, Rellensmann G, Werner C, Schuler-Luttmann S, Muller KM, 

et al. Fatal human metapneumovirus infection following allogeneic hematopoietic stem cell 

transplantation. Transpl Infect Dis. 2013 Jun;15(3):E97-E101.  

 

Epilepsy and epilepsy-related conditions 

Islam M, Karter D, Altshuler J, Altshuler D, Schwartz D, Torregrossa G. Refractory toxic 

shock-like syndrome from streptococcus dysgalactiae ssp. equisimilis and intravenous 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4984257
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immunoglobulin as salvage therapy: a case series. Case Rep Infect Dis  [Internet]. 2016 

[cited 2017 Oct 11] :2547645. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002456    

Ude C, Ambegaonkar G. Glycine receptor antibody-associated epilepsy in a boy aged 4 

years. BMJ Case Rep. 2016 Oct 19;2016. 

Lee LH, Lu CJ. Long-term and strong immunotherapy to treat anti-n-methyl- d-aspartate 

receptor encephalitis with refractory status epilepticus. Acta Neurol Taiwan. 2016 Sep 

15;25(3):99-103.  

Khawaja AM, Vines BL, Miller DW, Szaflarski JP, Amara AW. Refractory status epilepticus 

and glutamic acid decarboxylase antibodies in adults: presentation, treatment and 

outcomes. Epileptic Disord. 2016 Mar;18(1):34-43. 

Rivas-Coppola MS, Shah N, Choudhri AF, Morgan R, Wheless JW. Chronological evolution 

of magnetic resonance imaging findings in children with febrile infection-related epilepsy 

syndrome. Pediatr Neurol. 2016 Feb;55:22-9.  

Malter MP, Frisch C, Zeitler H, Surges R, Urbach H, Helms taedter C, et al. Treatment of 

immune-mediated temporal lobe epilepsy with GAD antibodies. Seizure. 2015 Aug;30:57-

63. 

Khawaja AM, DeWolfe JL, Miller DW, Szaflarski JP. New-onset refractory status epilepticus 

(NORSE)--The potential role for immunotherapy. Epilepsy Behav. 2015 Jun;47:17-23.  

Al-Ajlan FS, Althobiti A, Baz S, Al-Attas A. Autoimmune encephalopathy and drug refractory 

seizures with the presence of two autoantibodies specific for the neuronal cell surface. 

Epilepsy Behav Case Rep [Internet]. 2014 [cited 2017 Oct 11];2:199-202. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307881  

Dubey D, Konikkara J, Modur PN, Agostini M, Gupta P, Shu F, et al. Effectiveness of 

multimodality treatment for autoimmune limbic epilepsy. Epileptic Disord. 2014 

Dec;16(4):494-9.  

Arkilo D, Pierce B, Ritter F, Doescher JS, Frost M. Diverse seizure presentation of acute 

Mycoplasma pneumoniae encephalitis resolving with immunotherapy. J Child Neurol. 2014 

Apr;29(4):564-6. 

Gall CR, Jumma O, Mohanraj R. Five cases of new onset refractory status epilepticus 

(NORSE) syndrome: outcomes with early immunotherapy. Seizure. 2013 Apr;22(3):217-20.  

Finne L, X, Sindic C, van P, V, El SS, de TM, Denays  R, et al. Anti-N-methyl-D-aspartate 

receptor encephalitis with favorable outcome despite prolonged status epilepticus. Neurocrit 

Care. 2013 Feb;18(1):89-92.  

Geva-Dayan K, Shorer Z, Menascu S, Linder I, Goldberg-Stern H, Heyman E, et al. 

Immunoglobulin treatment for severe childhood epilepsy. Pediatr Neurol. 2012 

Jun;46(6):375-81.  

Illingworth MA, Hanrahan D, Anderson CE, O'Kane K, Anderson J, Casey M, et al. Elevated 

VGKC-complex antibodies in a boy with fever-induced refractory epileptic encephalopathy 

in school-age children (FIRES). Dev Med Child Neurol. 2011 Nov;53(11):1053-7. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002456
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307881
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Cheong JY, Wong C, Bleasel A, Varikatt W, Ng T, Dexter MA. Late onset Rasmussen's 

encephalitis with triple pathology. J Clin Neurosci. 2009 Dec;16(12):1677-81. 

Modoni A, Masciullo M, Spinelli P, Marra C, Tartaglione T, Andreetta F, et al. Successful 

treatment of acute autoimmune limbic encephalitis with negative VGKC and NMDAR 

antibodies. Cogn Behav Neurol. 2009 Mar;22(1):63-6.  

 

Influenza 

Andrade SD, Andrade MG, Santos PJ, Galvao ML, Barros MM, Ramasawmy R, et al. Acute 

disseminated encephalomyelitis following inactivated influenza vaccination in the Brazilian 

Amazon: a case report. Rev Soc Bras Med Trop. 2015 Jul;48(4):498-500.  

Alicino C, Infante MT, Gandoglia I, Miolo N, Mancardi GL, Zappettini S, et al. Acute 

disseminated encephalomyelitis with severe neurological outcomes following virosomal 

seasonal influenza vaccine. Hum Vaccin Immunother [Internet]. 2014 [cited 2017 Oct 

11];10(7):1969-73. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4186031  

Iwanaga N, Nakamura S, Fukuda Y, Takazono T, Imamura Y, Izumikawa K, et al. A fatal 

case of acute myocardial infarction following the improvement of influenza 

A(H1N1)pdm2009-related acute myocarditis. Intern Med. 2014;53(18):2153-7.  

Wang YR, Li JM, Wang XF. Clinical and epidemiological analysis of the first case of human 

infection with avian influenza A (H7N9) virus in Shenzhen, China. Int J Infect Dis. 2014 

Aug;25:177-9.  

Remiche G, Abramowicz M, Mavroudakis N. Chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP) associated to hereditary neuropathy with liability to pressure 

palsies (HNPP) and revealed after influenza AH1N1 vaccination. Acta Neurol Belg. 2013 

Dec;113(4):519-22.  

Shlamovitz GZ, Johar S. A case of Evans' syndrome following influenza vaccine. J Emerg 

Med. 2013 Feb;44(2):e149-e151.  

Kumakura A, Iida C, Saito M, Mizuguchi M, Hata D. Pandemic influenza A-associated acute 

necrotizing encephalopathy without neurologic sequelae. Pediatr Neurol. 2011 

Nov;45(5):344-6.  

Chong JL, Sapari S, Kuan YC. A case of acute respiratory distress syndrome associated 

with novel H1N1 treated with intravenous immunoglobulin G. J Microbiol Immunol Infect. 

2011 Aug;44(4):319-22.  

Costiniuk CT, Le SN, Sell E, Doja A, Karnauchow T, Jacob P, et al. Miller Fisher syndrome 

in a toddler with influenza A (pH1N1) infection. J Child Neurol. 2011 Mar;26(3):385-8.  

Lukkarinen H, Peltola V. Influenza A induced acute autonomic neuropathy in an adolescent. 

Pediatr Neurol. 2010 Dec;43(6):425-6.  

Sepsis and Septic Shock 

Chen KY, Cheung M, Burgner DP, Curtis N. Toxic shock syndrome in Australian children. 

Arch Dis Child. 2016 Aug;101(8):736-40. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4186031
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Almansa R, Tamayo E, ndaluz-Ojeda D, Nogales L, Blanco J, Eiros JM, et al. The original 

sins of clinical trials with intravenous immunoglobulins in sepsis. Crit Care [Internet]. 2015 

Feb 26 [cited 2017 Oct 11];19:90. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4343266.  

McDermott C, Sheridan M. Staphylococcal toxic shock syndrome caused by tampon use. 

Case Rep Crit Care [Internet]. 2015 [cited 2017 Oct 11]:640373. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4321081  

Romero-Legro I, Kadaria D, Murillo LC, Freire AX. Intravenous gammaglobulin as rescue 

therapy in a patient with sickle cell and Septic Shock. Tenn Med. 2013 Oct;106(9):29-31.  

Nakamura T, Sato E, Fujiwara N, Kawagoe Y, Egawa Y, Ueda Y, et al. Polymyxin B-

immobilized fiber hemoperfusion in a high school football player with Septic Shock caused 

by osteitis pubis. ASAIO J. 2011 Sep;57(5):470-2. 

Nakamura T, Kawagoe Y, Ueda Y, Yamada S, Koide H. Hemoperfusion treatment in a 

Septic Shock patient with autosomal dominant polycystic kidney disease and increased 

HMGB1 protein levels. Blood Purif. 2011;32(2):139-42.  

Tilanus AM, de Geus HR, Rijnders BJ, Dwarkasing RS, van der HB, Bakker J. Severe 

group A streptococcal toxic shock syndrome presenting as primary peritonitis: a case report 

and brief review of the literature. Int J Infect Dis. 2010 Sep;14 Suppl 3:e208-e212.  

Al-Rawi S, Woodward LJ, Knight J. Puerperal streptococcal toxic shock syndrome treated 

with recombinant human activated protein C and intravenous immunoglobulin. Int J Obstet 

Anesth. 2009 Apr;18(2):169-72.  

Safety 

Dantal J. Intravenous immunoglobulins: in-depth review of excipients and acute kidney 

injury risk. Am J Nephrol. 2013;38(4):275-84.  

Cheng MJ, Christmas C. Special considerations with the use of intravenous 

immunoglobulin in older persons. Drugs Aging. 2011 Sep 1;28(9):729-36.  
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