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Abstract
Background: Immunoglobulin replacement therapy (IgRT) benefits patients with primary immuno deficiency (PID) 
originating from the innate or polygenic defects in the immune system. However, evidence supporting their therapeutic 
role is not as explicit in secondary immuno deficiency (SID) resulting from the treatment of haematological malignancies.
Objectives: This study aimed to (1) create a dataset of relevant research papers, which explore the use of IgRT in SID 
for analysis, (2) assess the risk of bias within this dataset and (3) study the characteristics of these papers.
Design: This systematic review was performed in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) statement. In addition to the risk of bias, the study characteristics explored in this 
article included study design, study geographical location and year of publication.
Data Sources and Methods: To identify studies relevant to the research question, EMBASE and PubMed databases 
were searched. The Population, Intervention, Comparison and Outcome (PICO) framework was used to assess study 
quality. Risk of bias and quality of studies were assessed in accordance with the study design. As one model was not 
appropriate to assess bias in all articles, several tools were used.
Results: A total of 43 studies were identified from the literature search as relevant to the research objective. The most 
common study design was a retrospective case–control cohort study (n = 16/43), and randomised trials were among the 
least commonly used approaches (n = 1). Research in this area is occurring around the globe including the United States 
(n = 7), Italy (n = 7), China, India, Japan and throughout Europe. The annual number of papers in this area has varied from 
2012 (n = 1) to 2021 (n = 7). The studies in this article demonstrated a varied risk of bias, with 9 of the 20 cohort studies 
scoring less than 5 out of 9 stars.
Conclusions: Randomised controlled trials are less frequently used to assess access and use of immunoglobulins. More 
commonly, a retrospective case–control cohort study was used which correlates with the higher risk of bias seen in 
the studies in this article. Most of the research concerning immunoglobulin use and access occurs in higher-income 
countries.
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Introduction

Background

Antibody deficiency (AD) disorders are broadly classified 
as a group of immunodeficiencies whereby the individual is 
incapable of producing an effective antibody response to a 
pathogen. Clinically, AD is primarily characterised by 
recurring infections and can be diagnostically confirmed by 
a marked decrease in serum immunoglobulin G (IgG) 
level.1 AD can be further indexed according to its aetiology 
as a primary or secondary immuno deficiency (PID or SID, 
respectively) with significant predominant occurrence of 
the latter in the general population.2

Primary Immuno Deficiencies (PIDs) are disorders orig-
inating from the innate or polygenic defects in the immune 
system in which a crucial component, immunoglobulin 
synthesis and function, is impaired due to abnormalities in 
differentiation or function of B lymphocytes.1 The clini-
cally significant PID includes rare diseases, such as 
X-linked agammaglobulinea (XLA) or autosomal recessive 
agammaglobulinemia and difficult to diagnose common 
variable immunodeficiency, among other diseases. In con-
trast, individuals with SID are not initially predisposed to 
AD, rather they develop this abnormality as a result of cer-
tain clinical conditions due to various aetiologies, such as 
malnutrition, infections targeting the immune system (e.g. 
HIV), malignancy or due to specific medications nega-
tively impacting the immune system.2-5 Pertaining to this 
review, both solid tumours and haematologic malignancies 
can result in low-serum antibody levels, hypogammaglobu-
linemia, whether it manifests as disease-related condition, 
or iatrogenic secondary disorder caused by treatments, such 
as B cell-targeted therapies, steroids, immunosuppressive 
agents and radiation.2-5

In the absence of treatment, SID can lead to organ dam-
age, immune dysfunction, recurring infections, morbidity 
and mortality. The most common haematologic cancers, 
such as multiple myeloma (MM) and chronic lymphocytic 
leukaemia (CLL), have high incidences of infection-
related mortality, with reports of up to 65% in CLL being 
infection-related.6

Currently, first-line treatment of recurring infections in 
SID strongly favours prophylactic antibiotic administra-
tion, such as macrolide antibiotics or co-trimoxazole.7 
However, a recent systematic review on the efficacy of 
antibiotic prophylaxis conducted by Egan et al.’s8 study 
has called for updated clinical guidelines to facilitate pro-
phylactic antibiotic decision-making. These findings cou-
pled with the high rate of mortality in haematological 
cancers require close examination of alternative strategies, 
beyond antibiotics, to treat this vulnerable patient group.6,8

Immunoglobulin replacement therapy (IgRT) is a well-
established treatment in PID patients with ADs. Its mecha-
nism of action is complex, modulating Fc receptor 
function, regulating T cell and B cell function and provid-
ing antibodies with a broad spectrum of specificities 

against various pathogens.9,10 To define the clinical out-
comes of IgRT in SID, one must consider the following 
definitions used by the European Medicines Agency 
(EMA). The primary endpoint of immunoglobulin use is 
defined as a reduction in serious bacterial infections (SBI); 
these are defined as ‘bacteraemia or sepsis, bacterial men-
ingitis, osteomyelitis/septic arthritis, bacterial pneumonia 
or visceral abscess’ with secondary parameters relying on 
pharmacokinetic measures of serum Ig, reduction in anti-
biotic prescription, hospitalisation and all other infec-
tions.11 Hence, this knowledge can be applied to SID as a 
determinant of the efficacy of treatment.

Despite SID being a licensed indication for IgRT by 
major regulators, such as the EMA, its utilisation in sup-
portive cancer therapy and the validity of use in the current 
licensed indications are not sufficiently documented.12–14 
Access to immunoglobulin therapies relies on the availa-
bility of human plasma for its manufacture, meaning that 
production cannot be increased easily. With a projected 
6%–8% annual increase in immunoglobulin usage, it is 
crucial to be informed about the best practices regarding 
the frequency of IgRT use and access in patients with hae-
matological malignancies (HMs).15

Aim: To better understand the characteristics of studies 
in the area of immunoglobulin use and access and create a 
dataset of studies for future thematic analysis.

Objectives

1. To understand the most common research designs 
adopted and participating patient numbers in each 
study;

2. To understand the frequency of research into 
immunoglobulin use and access;

3. To understand which countries are conducting 
research in this area;

4. To understand the risk of bias (RoB) present in 
research in this area.

Methodology

Overview

This systematic review was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement16 (Appendices, 
Supplementary Checklist). The exclusion and inclusion 
criteria for the systematic search strategy were selected by 
the research team which included academic and industry 
experts.

A literature search was conducted to identify articles 
concerning the use of immunoglobulins in supportive 
cancer treatments for those with SID. Specific focus 
was placed on HMs due to preliminary research outlin-
ing the benefit of immunoglobulin support therapy in 
this cohort.
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The present review used a quantitative approach to 
address the research questions. The primary endpoint of 
this review was to establish the current body of scientific 
knowledge on IgRT in HMs in the previous 10 years 
(February 2012–February 2022), with a focus on the use 
and access to therapies.

Search strategy

Search terms were comprehensive and focused on the 
core domains of the topic, namely the following key con-
cepts (1) immunoglobulins, (2) haematological neo-
plasms and (3) secondary immune deficiencies, and their 
synonyms. The main objectives of this review were 
aligned with immunoglobulin use; hence, these concepts 
served as an ‘anchor’ for the search. Accordingly, only 
articles with ‘immunoglobulin’ mentioned in the title or 
abstract were included. The search strategy composed by 
Raanani et al.6 was used to support the development of a 
search string for immunoglobulin and HMs; synonyms 
and alternate spellings of identified terms were used 
alongside the extraction of terms from relevant articles 
recommended by a clinical expert in the field.2,5,13,15,17–19

Brand names for human immunoglobulin were identi-
fied from FDA and EMA electronic databases for 
licensed human blood products.14,19 A clinical expert 
(L.C.) from the Plasma Protein Therapeutics Association 
(PPTA) provided feedback and suggestions on keywords 
to include or exclude, and the search string was peer-
reviewed prior to final abstract screening. Inclusion of 
key terms such as ‘infection’ and ‘prophylaxis’ were 
considered, but these terms were agreed to be beyond the 
scope of this review.

Consequently, the search string was applied with slight 
variation to encapsulate the specific requirements and fea-
tures of each database. The full search strategies used for 
each database are provided in the Appendices (Supplemental 
Appendices 1–3). All search results were limited to those in 
English and where the full text was available.

Data sources

The search strategy was applied to both Excerpta Medica 
Database (EMBASE) and PubMed electronic databases. 
Manual searching of reference sections from included 
papers was conducted to identify subsequent relevant 
material that was not captured in the initial search; how-
ever, no suitable reports were retrieved.

Study selection criteria

The aim of the search was to identify all relevant studies 
that investigated the use of immunoglobulins in supportive 
HM therapy and were published in the past 10 years on 
account of relevance and current guidelines.

Inclusion criteria. The population, intervention, comparison 
and outcome (PICO) approach was used for study inclu-
sion.20 The population of interest were patients with haema-
tological cancers who experienced SID because of this 
malignancy. The intervention was immunoglobulin therapy 
(intravenous (IVIG), intramuscular (IMIG) or subcutane-
ous (SCIG)) irrespective of treatment duration or dosage. 
The comparison group was either placebo or standard treat-
ment. Outcome measurements were broad and included 
increased IgG levels, unresponsiveness, recurrence of 
infection or patient-reported measures of improved quality 
of life. However, the primary outcome to measure was the 
potential expansion of immunoglobulin utilisation in hae-
matological cancer treatment and the assessment of the 
global demand of human plasma to support this.

The types of studies included in this review were ran-
domised control trials, case–control studies, systematic 
reviews and meta-analyses, and cohort studies and articles; 
all of which were peer-reviewed.

Exclusion criteria. Research such as incomplete studies, 
study protocols, commentary, animal studies, in vitro or 
ex vivo case studies and studies that were not peer-
reviewed were excluded. Studies unavailable in English 
or those without an available full text article were 
excluded. Those with a sole focus on monoclonal anti-
bodies and immunoglobulin for indications other than 
HMs were excluded due to a lack of relevance to the 
research question.

Study selection process

Citations of all identified studies were imported into 
Zotero citation software and duplicates removed. Initial 
screening of titles was carried out and those that were 
evidently irrelevant to the proposed objectives were 
removed. Subsequently, titles and abstracts were screened 
using Covidence®, and full texts were selected for inspec-
tion. The full text of each identified study was screened 
against predetermined inclusion and exclusion criteria by 
one reviewer. The reviewers were not blind to authorship 
or journals in which the articles were published. Study 
selection was performed by M.C. Where there was a con-
fusion regarding eligibility, the study was discussed with 
B.D.N. to confirm inclusion or exclusion.

Data extraction

A data extraction form was constructed based on the 
Cochrane Checklist21 and on the objectives of the research 
question to include information pertaining to authors, geo-
graphical location of the study, study design, immunoglob-
ulin utilisation, haematological cancer assessed, sample 
size (where applicable), patient outcomes, expert opinions 
or commentary relating to immunoglobulins. The primary 
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outcome of interest was trends in immunoglobulin use in 
supportive HM treatment over the past decade. The related 
quantitative findings were extracted.

Data synthesis

Any recurring quantitative measures were considered for 
statistical analysis. Synthesised data were interpreted 
under the main aims of this review and counts of included 
studies were tabulated for clarity and ease of comparison.

Study of risk of bias (RoB) and quality assessment

RoB and methodological quality assessment (QA) tools 
were chosen as recommended by Ma et al.22 based on the 
study design and were applied to all screened articles 
which fulfilled the criteria of the tools used. For systematic 
reviews, AMSTAR-2 was used;23 the Newcastle–Ottawa 
tool was used for cohort studies;24 the JBI tools were used 
for quasi-experimental studies and for case reports;25 the 
CASP Checklist was used for qualitative studies.26 These 
tools were used to examine bias in the methodological 
quality of the articles. Those failing the QA stage were 
excluded from further thematic analysis.

Results and discussion

Study selection

A flow diagram representing the study identification and 
selection procedure is shown below in Figure 1. The initial 
search of PubMed and EMBASE yielded a total of 227 
articles for screening after removal of duplicates. Among 
these 227 articles, 141 articles were excluded following 
abstract and title screening. Full text assessment was car-
ried out on 86 articles. Exclusion criteria were applied, and 
43 studies were excluded at this stage due to a lack of rel-
evance to the research question, incorrect patient cohorts 
or interventions, or ongoing trials that had no relevant 
results published as of yet. A total of 43 articles were 
selected for RoB, QA and thematic analysis.

Study design

A total of 43 articles relevant to the topic of IgRT in HMs 
were identified within the period of 2012–2022. Of these 
articles, 4 were qualitative studies,12,27–29 10 were narrative 
literature syntheses which featured expert opinions,17,30–38 
1 was a systematic review,39 15 were retrospective case-
controlled cohort studies,40–53,67 1 was a non-randomised 
control trial,54 1 was a mixed-methods cohort study,55 4 
were case reports,56–59 6 were prospective case-controlled 
studies60–65 and 1 was a randomised placebo-controlled 
trial66 (Figure 2). On first glance, it could be argued that 

these data demonstrate a lack of rigour in the studies con-
ducted; however, in reality, the study of medicine use and 
access is often best investigated using cohort studies as 
they provide a realistic source of data and are more cost-
effective and cause less disruption to healthcare provision 
than randomised control trials.

Research outputs

It is also worth noting the distribution of years of publica-
tion as shown in Figure 3 which indicates an increase in 
publications, an indication of growing importance and 
interest in this field of medicine.

Geographical location

The majority (n = 29) of studies confined their results to a 
single country or continent (the United States, Australia, 
India, Japan, China and several countries in Europe). The 
most productive countries in terms of research output 
were the United States and Italy. The geographical loca-
tion of these studies is visualised in Figure 4; a total of 14 
studies were excluded from geographical analysis due to 
missing data on a specific geographical location or those 
which were narrative literature synthesis and hence, were 
not tied to a single location. This trend is likely due to 
especially active research groups in this area of study 
within these countries.

The characteristics of the studies assessed are shown 
in Supplemental Table B. Of the studies assessing spe-
cific HMs and not HM as a general disease (n = 18), CLL, 
MM and non-Hodgkin’s lymphoma (NHL) were most 
commonly analysed conditions in the same paper, how-
ever, there were also single studies that included patient 
with chronic myeloid leukaemia (CML), acute lympho-
blastic leukaemia (ALL), Hodgkin’s lymphoma (HL), 
follicular lymphoma (FL) and Waldenström macroglobu-
linemia (WM). The frequency of the different types of 
HM occurrence in studies is shown in Figure 5. Some stud-
ies included multiple conditions. The majority of studies 
(n = 22) had an exclusive focus on SID and immuno- 
globulin use in cancer.12,17,30,32–35,37–39,43,47–49,51,53,57,58,60–64,66 
Others focused on topics, such as clinicians’ opinion of SID 
and its’ management and diagnosis.27–29 Three studies 
placed a specific focus on immunoglobulin with-
drawal31,44,54 and six studies considered factors causing 
an increase in the incidence of Hypogammaglobulinemia 
(HGG) in HM, such as chemotherapy.36,45,50,56,59,65

RoB and QA results

The selected studies which could be screened using RoB 
and QA tools according to their study design were 
screened (31 out of 42). Some were not screened using an 
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RoB tool due to their study design, for example, case 
reports and qualitative studies. The tools and the achieved 
scores are expanded below (Supplemental Appendices: 
Table A. RoB Assessment Results). Of the 31 studies 
assessed, there was a high variation in the RoB and over-
all quality of the article. As an example, of the cohort 

Figure 1. PRISMA flow diagram detailing study identification and selection procedure.

studies, 9 out of 20 studies scored less than 5 stars out of 
a total of 9 stars, indicating a high RoB (45.0%).

Tools such as JBI Critical Appraisal Tool and CASP 
listed specific elements that should be present to fulfil a 
study with high quality and low RoB. Hence, the results of 
these tools did not translate to a quantitative measure but 
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rather these studies did not have any critical elements 
missing that would indicate a very high RoB. However, 
considering the evidence level of qualitative surveys as 
compared to randomised control trials, it can be assumed 
that due to the inherent limitations of design, there is an 
underlying higher RoB present.68

Patient numbers and malignancy type

The total number of patients assessed ranged from a single 
patient in case studies to up to 9253 patients.33 Patient popu-
lations varied greatly due to heterogeneity in underlying 
HM, criteria for IgRT initiation or withdrawal and treatment 
route. Of the 43 studies, 32 included an assessment of 
patients. In total, 10,586 patients were included in the studies 
assessing patients and immunoglobulin use or methods to 

identify SID in HM. Some studies related to a single type of 
HM or multiple sub types (Figure 5).

Limitations and future research

This systematic literature review had several limitations. 
First, it was limited to articles written in English only and 
covered the timeframe of the previous 10 years. 
Comparisons of studies were hindered in many aspects due 
to heterogeneity between the HM assessed, definitions of 
HGG and patient characteristics. Western countries repre-
sented the majority, possibly since IgRT is more commonly 
used there. Furthermore, this study was restricted to exami-
nation of use and access and did not necessarily consider 
clinical benefits, patient-reported outcomes and statistical 
analyses of IgRT success in all studies.

Figure 2. Types of studies included in systematic review.

Figure 3. Years of publication of included studies.
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Future research could include an investigation into the 
link between the clinical effects of IgRT and IgRT access 
and use. This link could be compared between higher- and 
lower-income countries, or between countries that use tra-
ditional IVIG more commonly and those that do not.

Conclusions and recommendations

The healthcare community is increasing their efforts in 
the research of immunoglobulin use and access. However, 
they could build on the success seen in the United States 
and Italy to contribute further resources and efforts to 
better understand immunoglobulin access and use in both 
lower- and higher-income countries. The reliability of 
these studies may benefit from being more rigorous in 
their research designs. However, it is important to ensure 

that in pursuit of rigour, we do not lose the richness of 
data and understanding that is achieved through qualita-
tive research. The analysis included in this report is 
aimed to set the stage for further studies to address the 
global access and appropriate use of IgRT in HM. Such 
studies could include qualitative research performed on 
this dataset to understand more about issues concerning 
medicine access and use. Healthcare professionals 
(HCP), regulators, payers and policymakers should real-
ise that this is an ever-growing and ever-changing field of 
medicine and that the prevalence of HGG in HM is only 
likely to increase, putting pressure on Immunoglobulin 
access. Hence, now is the time to invest resources into 
addressing the topic of immunoglobulin use, so that 
patients can continue to access IgRT as a supportive can-
cer treatment in HM.

Figure 4. Geographical location of included studies.
Geographical location: China (n = 2),27,46 France (n = 3),34,48,64 Oceania – Australia/New Zealand (n = 2),29,40 United States (n = 7),43,45,52–54,58,63 Italy 
(n = 7),33,41,47,49,50,66,67 Sweden (n = 1),55 Japan (n = 1),56 Spain (n = 2),35,42 United Kingdom (n = 2),44,61 Germany (n = 2),60,62 Belgium (n = 1),37 Greece 
(n = 1)51 and India (n = 1).65
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